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PISA is a most valuable, impressive, and complex project. Even a relatively narrow set of 

analyses, like those pertaining to social background and science performance in PISA 2006, are a 

large undertaking, and the authors of the PISA 2006 Analysis report (Organisation for Economic 

Co-operation and Development. 2007c) deserve high praise for their work. Despite – or better 

said – because of this accomplishment, I think it is possible to refine and extend their findings in 

informative and useful ways. 

 The modern history of relationships among student background characteristics, school 

context, and academic performance begins with the Coleman-Campbell report of 1966, Equality 

of Educational Opportunity (Coleman et al. 1966). 2 As mandated by Section 402 of the Civil 

Rights Act of 1964 the Department of Health, Education, and Welfare commissioned a study of 

“the lack of availability of equal educational opportunities for individuals by reason of race, 

color, religion, or national origin in public educational institutions at all levels in the United 

States, its territories and possessions, and the District of Columbia.”  What followed was a 

                                                 
1 Prepared for the NCES Conference on the Program for International Student Assessment (PISA): What We Can 
Learn from PISA, Washington, DC, June 2, 2009. The research reported herein has been supported by the Research 
Triangle Institute, the Vilas Estate Trust at the University of Wisconsin-Madison, and a visiting fellowship at the 
National Research Council. I thank Fabian Pfeffer and Carl Frederick for helpful comments. The opinions expressed 
herein are those of the author. 

2 The Coleman-Campbell Report about the U.S. was soon followed by the parallel Plowden Report (1968) in Great 
Britain. 
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massive social and academic survey operation that covered almost every feature of American 

students, teachers, and schools.  

The findings of the report were surprising:  

(1) There was far greater equality in school resources and facilities than had been 

expected; 

(2) Most of the variation in individual students’ academic performance occurred 

within, rather than between schools;  

(3) Differentials in academic performance increased absolutely with grade level, 

while relative differences among social groups were maintained; 

(4) The social and economic background of students contributed significantly to 

differentials in academic performance between schools and among students; 

and 

(5) Neither school nor social background factors fully accounted for black-white 

differentials in academic performance. 

The Coleman-Campbell report was quickly suppressed – it was very soon out of print – 

for its findings did not suggest policy changes that would reduce inequalities in educational 

outcomes – especially those between blacks and whites.3 The counter-intuitive findings of the 

report led both to a sustained and valuable critical literature, e.g., Mosteller and Moynihan 

(1972) and to a shift in the focus of educational research and policy from  resources to outcomes. 

Perhaps the most valuable consequence of the report, however, was the understanding that 

educational differentials develop over time within schools, so an observational window limited 

                                                 
3 A copy of the report in PDF can be obtained as part of the documentation of the EEO data file at the Interuniversity 
Consortium for Political and Social Research (http://www.icpsr.umich.edu/cocoon/ICPSR/STUDY/06389.xml).  
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to cross-sectional differences among individuals and schools could provide only the faintest hints 

about ways to reduce inequality in educational opportunities and outcomes. 

On reading “Quality and Equity in the Performance of Students and Schools,” Chapter 4 

in PISA 2006: Science Competencies for Tomorrow’s World, Volume 1: Analysis (Organisation 

for Economic Co-operation and Development. 2007c), I get the eerie feeling that nothing has 

changed in the last 40 years. To be sure, the setting is quite different – narrower in content 

(science) and in age (15), yet far broader in geographic scope (30 OECD nations and 27 other 

“partner” nations). Moreover, there is real value in a comparative overview of social and 

economic differentials in academic performance between and within schools. The problem is that 

the chapter remains limited in its heavy reliance on a few key variables – the PISA index of 

economic, social, and cultural status (hereafter, the PISA SES Index) for individuals and schools 

and a composite measure of performance in science, along with the nation in which each student 

lived at the time of the study.4  

There is not much to be learned here beyond description, yet the text overreaches in its 

attempt to draw policy implications. Two examples of this stand out. First and most troublesome 

is the effort to impute specific meaning to effects of the socioeconomic context of schools on 

students’ performance in science. Such efforts have a long and undistinguished history, for 

average levels of socioeconomic status in a student body may proxy for any number of causal 

processes or statistical artifacts  (Hauser 1969; 1970; 1972).  

Second, the text attempts to adjudicate among future policies that might focus more 

directly on socially disadvantaged students or on low-performing students, based on the shapes 

                                                 
4 To be sure, the Chapter 4 also gives some consideration to immigrant status, non-native language use, and the 
valuation of science by students. 
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of scatter plots of school levels of academic performance by individual and school values of the 

PISA SES Index (Figures 4.14a-e). Yet any such effort founders with the realization that 

“school” refers here only to the place of students at the time of their assessment and thus ignores 

the variety of lower-level schools in which their capacities were formed at younger ages. That is, 

in this respect the analysis ignores the prior roles of time and place in the process of schooling.  

There are more problems than these, including incomplete explanations of procedures 

used in the study and statistics and statistical displays that are more likely to confuse or mislead 

the reader than to increase understanding of the size and sources of differentials in academic 

performance. On the other hand, the producers of the report deserve high praise for providing 

readily accessible spreadsheet sources of both the figures and data used throughout the report 

(Organisation for Economic Co-operation and Development. 2007a; b). 

The elaboration and documentation of these observations is the substance of my 

discussion. In the following pages, I briefly summarize the main features and findings of Chapter 

4 and intersperse my discussion of each of them. 

The Index of Achievement in Science 

 What educational outcome or outcomes should be analyzed in a report of this kind? 

Chapter 4 immediately reports a choice and follows it consistently throughout:  

“The overall impact of home background on student performance tends to be 

similar for science, mathematics and reading in PISA 2006. Therefore, to simplify 

the presentation and avoid repetition, this chapter limits the analysis to student 

performance in science, the focus area in 2006, and it considers the combined 

science scale (also referred to as, simply, the science scale) rather than examining 
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the competency and knowledge area scales separately” (Organisation for 

Economic Co-operation and Development. 2007c: 170). 

This choice has strong implications. First, if it is truly the case that it does not matter whether 

one analyzes science, mathematics, or reading, and it does not matter whether one analyzes 

science competency and knowledge separately or jointly, then the analysis is truly not about 

science, but about some very general academic performance construct. In that case, one might 

ask whether it is really necessary to have developed all of the academic performance measures 

covered in PISA 2006 – and thus burdened students with all of those assessments – and, also, 

why the reported analyses are couched in terms of “the science scale” rather than, simply, 

“academic achievement.”  

Second, even if it were the case that each of the separate academic achievement 

constructs responds similarly to school differences and to social, economic, and cultural 

background in the aggregate, one should ask whether the same holds across countries and 

regions. There are two aspects to this question, whether academic performance appears to be 

one-dimensional in relation to social background and schools and, even if it is one-dimensional, 

whether the several academic achievement constructs respond similarly to social background and 

schools in each country.  

Third, even if performance on the composite science scale were fully representative of 

academic achievement in the same way in every country, an analysis using that variable alone 

has less statistical power than an analysis using more (or all) of the measures of academic 

achievement.5 If one created an overall composite measure of academic achievement, it would 

undoubtedly be more reliable and thus more highly correlated with economic, social, and cultural 
                                                 
5 That is, standard errors of the estimated effects of explanatory variables would be smaller. 
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status than is the composite science scale, and the measures of between- and within-school 

variance would also change.6 But it would be both more powerful and more informative to 

estimate a multiple-indicator multiple-cause (MIMIC) model of academic achievement (Hauser 

1973; Hauser and Goldberger 1971; 1975; Jöreskog and Goldberger 1975). With such a model 

one could explicitly test whether the several academic achievement constructs respond similarly 

to variation in economic, social, and cultural background and variation among schools; one could 

also explicitly test whether those relationships vary among countries. 

To be sure, one might legitimately ask why an analysis of achievement in science should 

be transformed into an analysis of overall academic achievement. But that question is begged in 

Chapter 4. By declaring that it is appropriate to ignore the differences among the several 

academic and scientific constructs, the chapter can only leave the reader wondering whether it is 

really about achievement in science or about a proxy for overall achievement. 

Between- and Within-School Variance 

 Both among and within the 57 nations covered by PISA 2006, there are large differences 

in the organization of the schooling process:  

“Some countries have comprehensive school systems with no, or only limited, 

institutional differentiation. They seek to provide all students with similar 

opportunities for learning by requiring each school and teacher to provide for the 

full range of student abilities, interests and backgrounds. Other countries respond 

to diversity by grouping students through tracking or streaming, whether between 

schools or between classes within schools, with the aim of serving students 

                                                 
6 If the measure of academic achievement is more reliable, within-school variance would decrease relative to 
between-school variance. 
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according to their academic potential and/or interests in specific programmes. 

And in many countries, combinations of the two approaches occur. Even in 

comprehensive school systems, there may be significant variation in performance 

levels between schools, due to the socio-economic and cultural characteristics of 

the communities that are served or due to geographical differences (such as 

between regions, provinces or states in federal systems, or between rural and 

urban areas). Finally, there may be differences between individual schools that are 

more difficult to quantify or describe, part of which could result from differences 

in the quality or effectiveness of the instruction that those schools deliver. As a 

result, even in comprehensive systems, the performance levels attained by 

students may still vary across schools.” (Organisation for Economic Co-operation 

and Development. 2007c: 171-172) 

Hence, one would expect to find cross-national differences in the variation in achievement, both 

within and between schools. This is masterfully documented in Figure 4.1 (reproduced in the 

Appendix), which shows between and within-school variance components of the composite 

science scale for each nation. These are expressed in relation to the average (total) variance in 

student performance in OECD countries, and within each of these two components, there is a 

further visual distinction between variance that is explained and unexplained by the PISA SES 

Index. Entries are ordered by the size of between-school variance components, and OECD 

countries are distinguished from partner countries. 

The percentages of variance between schools vary dramatically across countries, from 

69.6 percent in Bulgaria to 4.7 percent in Finland, each expressed relative to the average (total) 

variance in OECD countries (Organisation for Economic Co-operation and Development. 2007a: 
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Table 4.1a, p. 96, reproduced in the Appendix). This could be misleading because of the choice 

of reference value; the ordering of nations would vary somewhat if the reference value had been 

the percentage of between-school variance in each nation. For example, the U.S. appears in the 

middle of the pack with 29.1 percent of the OECD average variance between schools, but the 

actual percentage of between school variance in the U.S. is just 23.2 percent. Similarly, in the 

United Kingdom, the respective percentages are 23.5 and 18.9 percent. Inversely, the reported 

between-school variance in Hungary is 60.5 percent, while the actual figure is higher, 70.4 

percent. The story is all the more confusing because partner countries do not contribute to the 

reference value of total variance. At the positive extreme, the percentage listed for Bulgaria is 

69.6 percent when the actual value is 55.0 percent of the variance between schools. At the 

negative extreme, the percentage listed for Azerbaijan is 17.9 percent when the actual share of 

between school variance is 51.8 percent; this large disparity occurs because the total variance in 

science performance in that nation is unusually small. Thus, while the figure makes it possible to 

compare total variances to the OECD average, it distorts the shares of variance between and 

within schools in the several nations. 

 One of the side effects of the choice of reference values in Figure 1 is that it provides 

average shares of within- and between-school variance that are descriptively correct, but 

logically impossible: 68.1 and 33.0 percent, respectively. When data for each country are used, 

the average percentages across the 30 OECD countries are 66.9 percent within schools and 33.1 

percent between schools. Across all 57 countries, they are 63.9 percent and 36.1 percent. The 

striking thing about these estimates is the extent to which individual differences among students 

dominate the decomposition, even when within- and between-country effects enter the picture. 
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 There is a broader issue about the attention given here to between- and within-school 

variance. Suppose one were looking at a single school system – or even a state or national system 

– in which the assumption was that educational resources, opportunities, and outcomes were 

similar across the individual schools in the system. Then, a finding of substantial between-school 

variation in outcomes would carry a clear message, that the assumption of equality was wrong. 

But in a world-wide array of national systems, where there is clear acknowledgment that the 

organization and processes of schooling vary widely – and in a study that focuses on students of 

the same age, but multiple grade levels – there is much less information in the fact of large 

variations in outcomes among schools. Indeed, it is perhaps surprising that individual differences 

in academic performance remain far larger than variations among schools. 

The PISA SES Index 

Average values of the PISA SES Index account for half or more of the between-school 

variance in most nations, while the SES Index accounts for a small fraction of the variance in 

performance within schools in every country. This is taken at face value throughout the analysis, 

yet it raises serious questions of substance and method.  

Aggregated to the school level, the PISA SES Index is doubtless highly reliable, but – as 

noted above – it is not at all clear what it means. School levels of socioeconomic status are 

typically correlated positively with everything else that might be good about a school and 

negatively with everything else that might be bad about a school. Thus, the variance explained in 

the bivariate regression of average school performance on average school SES just doesn’t tell us 

very much.  

Individual student values of the SES Index are undoubtedly lower in reliability than 

school values of the same variable, and they are still less reliable within schools than in the total 
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population (precisely because school-level reliability is higher). Thus, one should expect that 

within-school regressions of academic performance on the PISA SES Index underestimate the 

true effect of social and economic background. It is likely, also, that the amount of downward 

bias in the estimates varies across nations and among population groups within nations. In the 

U.S., for example, student reports of parents’ educational attainments in the National Educational 

Longitudinal Study of 1988 are more reliable among whites than among blacks or Hispanics. 

Annex A1 of the Analysis report states, “The reliability of the index ranged from 0.52 to 0.80,” 

but it provides no reliability estimates for specific countries (Organisation for Economic Co-

operation and Development. 2007b: Annex A1, p. 333). The reported range suggests the need for 

extreme caution in interpreting and comparing within school analyses of effects of the PISA SES 

Index across countries.  

There are problems, also, with the construction of the PISA index of economic, social, 

and cultural status and with its comparability across years (2000, 2003, and 2006). In 2006, the 

index was based on separate IRT scaling of items that were common to each nation, plus 3 items 

that were potentially unique to each nation. The common items were the higher occupational 

status of parents on the International Socio-Economic Index of Occupational Status (Ganzeboom 

and Treiman 1996; 2003; Ganzeboom et al. 1992), the higher educational level of parents, and an 

index of home possessions (including “a desk to study at, a room of their own, a quiet place to 

study, a computer they can use  for school, an educational software, a link to the Internet, their 

own calculator, classic literature, books of poetry, works of art (e.g. paintings), books to help 

with their school work, a dictionary, a dishwasher, a DVD player or VCR, the number of cellular 

phones, televisions, computers, cars and books at home, and three other country-specific items”). 

Since the last collection of items was explicitly intended as a proxy for wealth, and the report 
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says that “The rationale for the choice of these variables was that socio-economic status is 

usually seen as being determined by occupational status, education and wealth,” it is not clear 

why the index is labeled as “cultural” rather than, simply, “socioeconomic” (Organisation for 

Economic Co-operation and Development. 2007b: Annex A1, p. 333). Finally, the index values 

were weighted in some relation to a principle component analysis – it is not clear what the 

weights were or whether they were common or unique to each nation – and the resulting index 

values were standardized to have a mean of zero and a variance of one in the combined OECD 

countries. 

The PISA SES Index has several fatal flaws. First, it is not the same in each nation. The 

differences may not be large, but they are real. If the differences are small, then why not 

eliminate them entirely and trade minor differences in validity for strict comparability? And we 

do not know how large or consequential the differences are. If they are large, then cross-national 

comparisons of the within- and between-school regressions are not valid.  

Second, similar observations hold for differences in the content of the PISA SES Index 

across years of the study, which are described in Annex A1. The report states that the correlation 

of the index between 2003 and 2006 is “very high (R of 0.96).” It does not state what the units 

were over which the index values were correlated. My guess is that they were countries, in which 

case a high correlation would provide no information about comparability of content, reliability, 

or metric from one year to the next. The lack of intertemporal comparability in the PISA SES 

Index is consequential because Chapter 4 offers comparisons of the effect of socioeconomic 

background across years of the study.  

Third, the report tells us that, “Since these various aspects of socio-economic background 

tend to be highly interrelated, most of the remainder of the report summarises them in a single 
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index, the PISA index of the economic, social and cultural status of students, even though 

separate data for these are provided in the accompanying data tables ... ” (Organisation for 

Economic Co-operation and Development. 2007c: 174). This is an unpersuasive rationale for 

failing to analyze effects of the components simultaneously. Typical correlations among such 

variables are no larger than 0.6 – having about a third of variance in common – and in large 

samples of students and schools, like those of PISA, comparisons of effects will be reliable.  

Fourth, the index construction process traded the actual observable metrics of the 

variables – ISEI values, equivalent years of schooling, and (presumably) counts of various 

possessions – for the content-free metric of standard deviation units. Thus, the analysis does not 

tell us what difference any of the component variables actually makes in academic achievement, 

whether some of the components of the index either dominate or have negligible effects, or 

whether the effects of the components of the PISA SES Index vary among countries. Surely, in a 

study of so many thousands of youth the gain of a few degrees of freedom in a regression 

equation is not worth the loss of information about the effects of actual parental and family 

characteristics. Further, the weights of the index components were – incorrectly in my judgment 

– made using information about the relationships among the components, rather than their 

relationships with academic performance. To be sure, minor variations in the weights of the 

components are unlikely to have much effect on the overall predictive power of the index, but 

analyses using the index provide no information about the relative importance of the 

components.  What aspects of socioeconomic background really matter? Is it parents’ 

educational attainments? Their occupational standing? What types of possessions actually make 

a difference in science achievement? For the same reason, the PISA analysis tells us nothing 

about cross-national differences in the effects of the components of the SES index. Again, 
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estimation of a multiple-group MIMIC model (Hauser and Goldberger 1971; Jöreskog and 

Goldberger 1975) would address these questions. 

Immigrant Status 

Chapter 2 wisely reports extensive analyses of the effects of immigrant status and non-

native language on science achievement. Overall, first-generation (foreign-born) students are 

about a year and a half behind natives, but there are wide variations in the differentials among 

countries. There does not appear to be a correlation between the share of first-generation students 

in the population and the differential in performance; rather, my reading of the data is that the 

main source of cross-national differentials in the handicap of immigrant status is the cultural 

proximity of the immigrant and native populations – as often expressed in comparisons between 

the languages used at home and in the assessment. For example, in Canada, Australia, Macao-

China, and Jordan, there are negligible differences in performance among foreign-born, second-

generation, and other native-born students (Organisation for Economic Co-operation and 

Development. 2007c: 177). On average, the PISA SES Index accounts for 36 percent of the 

differential between native students and those with “an immigrant background,” and for 52 

percent of the difference between native students and “Students with an immigrant background 

who speak a language at home that is different from the language of instruction” (Organisation 

for Economic Co-operation and Development. 2007a: Table 4.3c, p. 121, reproduced in the 

Appendix).7 Thus, economic, cultural, and social background does not account for the 

differential between immigrant and non-immigrant populations. It would be instructive to run a 

similar analysis, comparing native students with immigrant students who speak the language of 

                                                 
7 Both of these estimates, computed by the author, refer to subsets of OECD and partner countries for which relevant 
data are presented in Table 4.3c. 
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assessment at home: Would the PISA SES Index then account for differences in science 

achievement? Or is immigration per se an educational handicap? And do the answers to these 

two questions differ among countries? 

Chapter 4 also reports important findings about what does not explain immigrant-native 

differentials in science achievement. Although immigrant youths attend schools with lower 

values on the PISA SES Index than native youths in almost every country – often by half a 

standard deviation or more – there are only a few countries where immigrants attend schools 

with lower quality educational resources, higher student teacher ratios, or teacher shortages 

(Organisation for Economic Co-operation and Development. 2007c: Figure 4.3, p. 179, 

reproduced in the Appendix). Moreover, immigrant students report levels of engagement with 

science – on several indices – that are higher or comparable to those of native students (p. 180). 

Regression Analysis of Science Achievement 

Well over half of Chapter 4 is devoted to regression analyses of science achievement on 

the PISA SES Index, overall, between schools and within schools. One 16-page section focuses 

primarily on the overall strength of the relationship between SES and achievement and 

secondarily on comparisons of between- and within-school effects of SES (pp. 181-96). The final 

13 pages of the 41-page chapter are devoted to comparisons of total, between-school, and within-

school regressions among the OECD and partner nations (pp. 198-210), and that section includes 

most of the policy recommendations in the chapter. Those two sections are punctuated by a brief 

passage about relationships between science achievement and parents’ reports about their 

students and schools in 16 countries where such data were collected directly from parents (pp. 

296-98). 
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The report on regression analyses starts well with an exposition of the zero-order 

regression of the combined science index on the PISA SES Index. There is, of course, a positive 

gradient in science achievement by socioeconomic status; the gradient is close to linear across 

the observed range of the PISA SES Index; and there is a good deal of scatter of individual 

student achievement levels about the regression line (Organisation for Economic Co-operation 

and Development. 2007c: Figure 4.5, p. 183, reproduced in the Appendix).  This bivariate 

regression accounts for 20.2 percent of variance in science achievement among all OECD 

students and an average of 14.4 percent of variance across the 30 OECD countries (Organisation 

for Economic Co-operation and Development. 2007c: Figure 4.6, p. 184, reproduced in the 

Appendix). The difference between these two statistics reflects the fact that there is variation in 

socioeconomic levels among the countries.8 

SES-Adjusted Country Differences in Science Achievement 

Figure 4.6 offers a set of statistics about individual nations that apparently are intended to 

inform readers about the slope and strength of association between achievement and 

socioeconomic status, about the extent to which socioeconomic status differences may account 

for cross-national differences in science achievement, and about socioeconomic differences 

among the several student populations. Unfortunately, this table and the accompanying 

discussion provide a blurred picture of cross-national differences in socioeconomic effects on 

achievement and of the role of cross-national differences in socioeconomic status in accounting 

for mean differences in achievement among countries.  

                                                 
8 Here, and in other parts of the report, there is an arbitrary distinction between reported findings for the aggregate or 
average of OECD countries and findings for the partner countries, which are always reported separately, but never 
aggregated or averaged. There is perhaps a political or bureaucratic rational for this practice, but it surely detracts 
from the value of the analyses for science and policy. 
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The first two columns of Figure 4.6 report mean levels of achievement on the combined 

science scale as observed and adjusted for mean socioeconomic differences among countries: 

“Mean score if the mean ESCS1 would be equal in all OECD countries.” However, neither 

Figure 4.6, nor the accompanying text, nor the source table describes how this regression 

standardization was actually carried out. In principal, it should be possible to reproduce the 

second column of Figure 4.6 from the source table (Organisation for Economic Co-operation and 

Development. 2007a: Table 4.4a, pp. 122-23, reproduced in the Appendix). That is, the table 

contains the observed and adjusted mean achievement scores and the mean values of the PISA 

SES Index (labeled ESCS in Figure 4.6 and Table 4.4a), along with the estimated regressions of 

achievement on ESCS.9 However, Table 4.4a contains three different regression coefficients that 

might have been used to adjust mean national levels of achievement: the overall regression in 

OECD countries, the average regression within OECD countries, and the estimated regression 

within each country. None of these regression coefficients exactly reproduces the adjusted means 

reported in the second column of Figure 4.6 (and reproduced in somewhat different form in 

Figure 4.7, reproduced in the Appendix).  

In my judgment, the closest approximation to the reported values uses the estimated 

regression coefficients for each country, and I assume this is the choice made in the analysis. 

This is the least desirable choice among the three alternatives. That is, it confounds the effect of 

mean differences among countries on the PISA SES Index with the effect of statistical 

interactions among countries in the association between socioeconomic status and science 

achievement. To be sure, the report literally answers the question, “What is our best estimate of 
                                                 
9 Mean levels on the PISA SES Index would be more appropriate here than the percentages of students falling in the 
bottom 15 percent of the overall distribution – reported in the last column of Figure 4.6 – because the former enter 
directly into the adjustment of country means. 
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the mean level of achievement when the mean level of SES is the same as that for all OECD 

countries?” but it does so in a way that invalidates comparisons of the adjusted means across 

countries.10 A better choice would have been the average within-country regression – and 

preferably that for all countries, not merely the OECD countries. All the same, I used the 

reported average regression for OECD countries to adjust the observed mean differences among 

countries.  

In many cases, the country-specific regression was similar to the average within-country 

regression, so there was little difference between the two adjusted means. Indeed the overall 

correlation between the two versions of the adjusted means is quite high, 0.987. However, even 

with that large correlation, there were notable differences between the two sets of estimates. For 

example, in Mexico the observed mean was 410, and the adjusted mean was 435, but it should 

have been 449. In Turkey, Azerbaijan, Brazil, Colombia, and Thailand the adjusted means as 

reported were 11, 13, 11, 17, and 17 points lower than they would have been using the average 

within-country regression. And there are yet more extreme cases: Deviations of 29, 24, and 25 

points in Indonesia, Macao-China, and Tunisia. What all of these countries have in common are 

relatively low slopes of achievement on the PISA SES Index and below average levels of the 

Index. 

The problems with Figure 4.6 do not end here. The third column of the table reports 

“percentage of explained variance in student performance” (R2), which is described as a measure 

of the strength of the association between the PISA SES Index and achievement on the combined 

science scale. The percentages of variance explained are compared among countries in the text: 

                                                 
10 This is more problematic in the partner countries than in OECD countries, for mean levels of the PISA SES Index 
are almost half a standard deviation lower in the partner countries than in the OECD countries. 
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“On average across OECD countries, 14.4% of the variation in student 

performance in science within each country is associated with the PISA index of 

economic, social and cultural status. This figure is significantly higher than the 

OECD average in Luxembourg, Hungary, France, Belgium, the Slovak Republic, 

Germany, the United States, New Zealand and the partner countries Bulgaria, 

Chile, Argentina and Uruguay.” 

Unfortunately, this measure does not yield valid cross-national comparisons.11 This follows from 

the definition of total variance in the regression model. The total variance in science achievement 

( 2ˆ y ) has two components, explained and unexplained variance. The former component is equal 

to the product of the variance in the regressor ( 2ˆ x ) – in this case the PISA SES Index – and the 

square of the regression coefficient of achievement on SES ( 2̂ ). The second component is the 

error variance ( 2ˆ  ), a measure of the scatter of observations about the regression line. Formally, 

that is: 

 2 2 2 2 2 2ˆ ˆˆ ˆ ˆR / ( )x x        

For a fixed amount of scatter about the regression line, the percentage of variance explained will 

vary directly with both the absolute value of the regression coefficient and the amount of 

variance in the regressor. To be sure, the regression coefficient of science achievement on SES is 

an important indicator of the impact of social background, but the variance of SES is not.  In 

fact, Chapter 4 reports measures of the variability in SES in Figures 4.8 and 4.9 (Organisation for 

Economic Co-operation and Development. 2007c: p. 188, reproduced in the Appendix), but it 

                                                 
11 There is also reason to be concerned about the robustness of the IRT model, especially with regard to the 
dispersion of test scores in less developed nations, but I have not pursued that issue here (Brown et al. 2007: 643). 
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does not use this information to refine its findings about the strength of association between 

socioeconomic status and academic achievement.12  

It would be more appropriate to compare the accuracy with which the PISA SES Index 

predicts achievement in science across countries by tabulating the actual variance about the 

regression line in each country ( 2ˆ j ), where the subscript j refers to a specific country. That is, 

the variance about the regression line is an inverse measure of goodness-of-fit; the larger the 

error variance, the less closely is social background related to science achievement.  

Fortunately, the PISA 2006 Data volume provides enough information to calculate the 

error variances for 55 of the 57 countries (Organisation for Economic Co-operation and 

Development. 2007a: Table 4.1a, p. 96; Table 4.4a, p. 123).13 There is scant relationship between 

the percentage of variance explained and the error variance about the country-specific regression 

lines. The correlation is just 0.13. As shown in Figure 1, the relationship between the two 

quantities is roughly linear, but very weak. By way of example, Israel ranks 19th from the bottom 

in the percentage of variance explained (10.9 percent), but the variance about the regression line 

is larger than in any other country. That is, there is great variation in science achievement in 

Israel that cannot be explained by socioeconomic status. On the other hand, Indonesia is similar 

to Israel in the percentage of variance explained, but the variance about the regression line is 

only 40 percent as large as in Israel. Only one country, Azerbaijan, has less variance about the 

regression line than Indonesia. That is, in Indonesia and Azerbaijan, there is little variation in 

science achievement that cannot be explained by socioeconomic status. In sum, the measure of 
                                                 
12 Figure 4.8 is evidently mislabeled. Both Figure 4.8 and Figure 4.9 are labeled as reporting the interquartile range 
of the distribution of the PISA SES Index, but the former appears to report the location of the 5th and 95th 
percentiles, rather than the 25th and 75th percentiles. 

13 Data are missing for France and Qatar. 
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strength of relationship used throughout Chapter 4 is utterly misleading with regard to 

comparisons among nations in the extent to which science achievement varies independently of 

socioeconomic status. To be sure, the simple regression slope of science achievement on social 

background is also a very important indicator of educational opportunity, but I follow the text of 

Chapter 4 in focusing on the fit of the regression line in the following discussion. 

Science Achievement and the Effect of Socioeconomic Background 

Figure 4.10 (reproduced in the Appendix) plots mean national scores on the science 

composite by the percentage of variance explained by the PISA SES Index. The text 

accompanying that figure states: 

“Figure 4.10 highlights that countries differ not just in their overall performance, 

but also in the extent to which they are able to moderate the association between 

socio-economic background and performance. PISA suggests that maximising 

overall performance and securing similar levels of performance among students 

from different socio-economic backgrounds can be achieved simultaneously. The 

results suggest therefore that quality and equity need not be considered as 

competing policy objectives” (Organisation for Economic Co-operation and 

Development. 2007c: 190). 

This discussion is problematic because neither axis of the diagram is well-chosen. In the context 

of the analysis, adjusted rather than observed mean levels of achievement should be used to 

indicate the quality of science education. In an ideal situation, one would base such an 

adjustment on a full model of achievement in science – including many more background, 

parental, and student characteristics beyond economic, social, and cultural status. At the least, the 
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adjustment should take account of national differences in the PISA SES Index. 14 Then, as just 

explained, the second axis of the graph should be the variance about the regression line, 

indicating (inversely) how academic performance follows socioeconomic status. This 

relationship is shown in Figure 2. In that figure, unlike Figure 4.10, the horizontal and vertical 

lines mark the average values of performance in science and of error variance for all 55 

countries, not just the OECD countries. 

 There is essentially no relationship between observed means and percentages of variance 

explained in Figure 4.10 (r = -0.04). Thus, the discussion of this figure in the text points to 

examples of four types of nations, which appear in roughly equal numbers representing the four 

possible combinations of achievement in science and fit of the regression model. In contrast, 

there is a moderate relationship between the adjusted means and error variances in Figure 2 (r = 

0.34). That is, high performing countries tend to have greater equality of opportunity, in the 

sense that the scatter of individual observations about the regression line is greater, while low 

performing countries tend to have less equality of opportunity, less dispersion of individual 

observations about the regression line. Again, the position of nations on the vertical axis of 

Figure 2 (science achievement) is similar to that in Figure 4.10, with the exceptions noted above, 

but as shown in Figure 1, there is very little relationship between the percentages of explained 

variance and the variances of observations about the regression of science achievement on the 

PISA SES Index.15  

                                                 
14 To be sure, the text recognizes the import of socioeconomic background for science achievement, and a consistent 
analysis would have taken that into account in the construction of Figure 4.10. 

15Since the X-axis of Figure 4.10 goes from high to low percentages of explained variance, while the X-axis of 
Figure 2 goes from low to high estimates of error variance, the spatial representation of effects in the two diagrams 
is the same. The strength of the relationship between the PISA SES Index and science achievement declines from 
left to right. 
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Figure 2 thus offers a very different picture from Figure 4.10 of the relationship between 

educational opportunity – lack of fit to the regression line – and national levels of academic 

performance in science. For example, in Figure 4.10, the United States appears near the center, 

slightly below the OECD average in science achievement and somewhat above average in 

percentage of variance explained. In Figure 2, the U.S. is slightly above average in science 

achievement (for all nations) and far above average in equality of educational opportunity, for 

there is a relatively high level of scatter of science achievement about the values predicted from 

the PISA SES Index. Why is a high percentage of variance explained in the U.S.? The variation 

in the PISA SES Index in the U.S. is the same as the OECD average, but the regression of 

science achievement on the PISA SES Index (49) is almost 25 percent above than the OECD 

average (40) (Organisation for Economic Co-operation and Development. 2007aTable 4.4a, pp. 

123-24). Thus, the U.S. performs badly on one indicator of educational opportunity (the 

regression coefficient), but far better on another indicator, the scatter of individual student 

achievement about values predicted from socioeconomic background. Israel appears as slightly 

below average both in science achievement and in the impact of socioeconomic background in 

Figure 4.10, but Figure 2 shows Israel as far below average in the impact of socioeconomic 

background. Bulgaria appears as below average in science achievement in both figures, but it is 

depicted as having very high dependence of science achievement on social background in Figure 

4.10 and moderately low dependence of achievement on background in Figure 2. Plainly, it is 

possible to add to these examples of divergent findings. 

One might imagine adding the regression coefficient of science achievement on the PISA 

SES Index as a third dimension of the display. In this way both aspects of the dependence of 

science achievement on SES would be represented, but the findings would not be confounded by 
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statistically (though not substantively) irrelevant differences in the variability of socioeconomic 

background. Unfortunately, it is not possible to distinguish between the effects of these two 

variables (the regression slope and the error variance) on mean country achievement levels. The 

correlation between the two is moderately high (r = 0.70), while their correlations with mean 

science achievement are similar (0.35 and 0.34, respectively). That is, the error variances are 

larger in countries with steeper slopes of science achievement on the PISA SES Index. In a 

regression analysis of the adjusted means, the slope coefficient dominates, but there is actually 

no significant difference between the effects of the two explanatory variables. In other words, 

data are not available for a large enough number of countries to identify significant differences 

between the associations of the achievement-SES slope and the error variance with adjusted 

country means. 

What Can We Learn from Within-School and Between-School Regressions? 

Following the discussion of Figure 4.10, the text of Chapter 4 turns to two seriously 

flawed analyses, each based on comparisons of within- and between-school regressions of 

science achievement on social background. Figure 4.11shows the total, within-school, and 

between-school estimates of the regression of science achievement on the PISA SES Index in 

each nation for which such data are available (Organisation for Economic Co-operation and 

Development. 2007c: 192, reproduced in the Appendix). With few exceptions – Finland, Iceland, 

Poland, and, to a lesser extent, Norway and Spain – the estimated between-school regressions are 

much steeper than the within-school regressions. On average, in the OECD countries, the ratio of 

the two is roughly 3 to 1, and in many cases the ratios are much larger. Chapter 4 reports, 

“Socio-economic differences at student levels are much less predictive of performance than the 

schools’ socio-economic context.” The text goes on:  
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 “Not all of the contextual effect is attributable to peer group effects, but socio-

economic advantage of students and their families often also goes along with a 

better learning environment and access to better educational resources at school. 

Also, the manner in which students are allocated to schools within a district or 

region, or to classes and programmes within schools, can have implications for 

the contextual effect, in terms of the teaching and learning conditions in schools 

that are associated with educational outcomes. A number of studies (e.g. Baker et 

al., 2002) have found that schools with a higher average socio-economic status 

among their student intake are likely to have: fewer disciplinary problems, better 

teacher-student relations, higher teacher morale, and a general school climate that 

is oriented towards higher performance. Such schools also often have a faster-

paced curriculum. Talented and motivated teachers are more likely to be attracted 

to schools with higher socio-economic status and less likely to transfer to another 

school or to leave the profession. Some of the contextual effect associated with 

high socio-economic status may also stem from peer interactions that occur as 

talented students work with each other … For example, the parents of a student 

attending a more socio-economically advantaged school may, on average, be 

more engaged in the student’s learning at home. This may be so even though their 

socio-economic background is comparable to that of the parents of a student 

attending a less-privileged school” (Organisation for Economic Co-operation and 

Development. 2007c: 195-96). 
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To be sure, the text goes on to say, “the estimated contextual effects … are descriptive of the 

distribution of school performance, and should not necessarily be interpreted in a causal sense,” 

but the text again turns a corner:  

“In any attempt to develop education policy in the light of the above findings, 

there needs to be some understanding of the nature of the formal and informal 

selection mechanisms that contribute to between school socio-economic 

segregation and the effect of this segregation on students’ performance. In some 

countries, socio-economic segregation may be firmly entrenched through 

residential segregation in major cities, or by a large urban/rural socio-economic 

divide. In other countries, structural features of the education system tend to 

stream or track students from different socio-economic contexts into programmes 

with different curricula and teaching practices. The policy options are either to 

reduce socio-economic segregation or to mitigate its effects” (p. 196). 

Chapter 4 immediately goes on to contrast the import of the two slopes in a 

fundamentally misleading way. Figure 4.12 (reproduced in the Appendix) compares the “effects” 

on achievement of a one-half standard deviation change in a student’s PISA SES Index: 

“The lengths of the bars in Figure 4.12 indicate the differences in scores on the 

PISA science scale that are associated with a difference of one-half of an 

international standard deviation on the PISA index of economic, social and 

cultural status for the individual student … and for the average of the student’s 

school … . One-half a student-level standard deviation was chosen as the 

benchmark for measuring performance gaps because this value describes realistic 

differences between schools in terms of their socio-economic composition: on 
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average across OECD countries, the difference between the 75th and 25th 

quartiles of the distribution of the school mean PISA index of economic, social 

and cultural status is 0.63 of a student-level standard deviation” (Organisation for 

Economic Co-operation and Development. 2007c: 193-94). 

The problem with this comparison is that one-half a student standard deviation corresponds 

roughly to the difference between the 40th and the 60th percentiles of the distribution of student 

performance.16 In other words, the text contrasts a large gap in the distribution of school-level 

SES with a much smaller gap in the distribution of individual-level SES and thus, unnecessarily, 

exaggerates the import of the obviously large difference between the two regressions. 

Why are between-school regressions typically steeper than within-school regressions? 

Chapter 4 does not ask this question. Rather, it assumes that it has a clear sociological 

interpretation and strong policy implications, even while suggesting, rather ingenuously, that it is 

not proposing a causal interpretation. There are several reasons, some of which are addressed in 

Chapter 5, and others not. First, the regression model is woefully incomplete. By no means is 

socioeconomic status the sole source of individual differences in academic achievement in 

science (or any other subject). Had the analysis included other social and psychological 

background characteristics, both the within- and between-school regressions of achievement on 

the PISA SES Index would have changed. Second, individual student values of the PISA SES 

Index are necessarily less reliable than (aggregate) school means. This effect is even larger when 

within-school differences are analyzed. This contributes a downward bias to the within-school 

SES-achievement regressions relative to the between-school regressions. Third – and this is the 

subject of Chapter 5 – having observed differences in the between- and within-school 
                                                 
16 This assumes that the distribution of student achievement scores is approximately normal. 
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regressions, one should immediately ask what school-level variables may explain the association 

between average school SES and achievement.17 In short, Chapter 4 fails to grapple directly with 

either methodological or substantive explanations for the observed differences in simple, 

bivariate between- and within-school regressions of science achievement on the PISA SES 

Index. 

The final section of Chapter 4 turns to policy implications of its findings, largely focusing 

on the question whether it is better to direct reforms in science education to students from 

disadvantaged backgrounds or to low-performing students. Guidance in this matter is presumed 

to follow from comparisons of between- and within-school regressions and school-level residuals 

from those regressions, which are presented at length (Organisation for Economic Co-operation 

and Development. 2007c: 198-210). In light of the preceding discussion, I am doubtful that these 

analyses are valid. The PISA SES Index obscures as much as it illuminates. Its content and 

reliability vary from country to country, and these affect the estimated slopes. If these matters 

were resolved, a simple model regressing science achievement on socioeconomic background, 

could not possibly provide a sound or complete guide to the proximate sources of variation in 

students’ achievements in science or in school differences in those achievements. And the effort 

is further compromised by the fact that achievement at age 15 represents the cumulative impact 

of schooling processes over about a decade of each student’s life. 

This is not to suggest that either PISA itself or the analysis of Chapter 4 lacks value for 

science or policy. The point of my observations is that Chapter 4 raises many more questions 

                                                 
17 I have not read Chapter 5 closely, but my initial impression is that it focuses heavily on the extent to which 
specific school organizational factors and resources affect achievement net of student intake, but it does not directly 
address the extent to which variation between schools in organization and resources explains the relationship 
between the socioeconomic background composition of schools and their achievement in science. 
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than it has answered. Some of these can be addressed by following the suggestions I have made 

throughout this discussion for additional or more refined analyses. Others could be answered by 

rearrangements or extensions of the analyses in Chapter 5. PISA is such a rich resource that, in 

my judgment, such additional analytic investments are worthwhile. 
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Figure 1. Error Variance in Science Achievement by Percentage of Variance Explained
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 APPENDIX 



Table 4.1a
Between-school and within-school variance in student performance on the science scale in PISA 2006

Between-
school 

variance 
explained

Within-
school 

variance 
explained

Between-
school 

variance 
explained

Within-
school 

variance 
explained

Between-
school 

variance 
explained

Within-
school 

variance 
explained

Between-
school 

variance 
explained

Within-
school 

variance 
explained

OECD
Australia 9 926 110.6 19.8 91.1 7.8 4.3 12.5 4.4 1.9 3.9 13.0 7.9 17.9
Austria 9 551 106.5 60.7 50.7 7.9 0.6 40.1 0.6 45.2 0.3 49.5 0.8 57.0
Belgium 9 791 109.1 57.0 53.0 11.7 2.0 40.7 2.0 45.4 12.7 50.6 13.3 52.3
Canada 8 743 97.5 17.9 79.3 4.3 3.2 7.1 3.2 2.0 3.2 7.2 5.9 18.4
Czech Republic 9 687 108.0 62.4 55.9 12.7 1.7 43.5 1.8 50.2 0.4 52.2 2.0 57.8
Denmark 8 580 95.6 14.8 82.0 6.0 8.1 8.2 8.3 1.6 0.1 8.6 8.4 15.4
Finland 7 301 81.4 4.7 76.7 1.2 5.5 1.3 5.5 0.0 0.0 1.3 5.5 5.8
France w w w w w w w w w w w w w
Germany 9 908 110.4 66.2 50.8 11.6 1.4 49.4 1.4 56.0 2.0 58.1 3.3 59.9
Greece 8 420 93.9 48.5 55.1 11.3 1.7 29.1 1.8 37.3 0.0 41.7 1.7 51.7
Hungary 7 720 86.1 60.5 38.5 9.4 0.2 47.5 0.2 46.2 0.0 51.6 0.3 70.4
Iceland 9 263 103.2 9.3 95.4 0.1 6.4 0.2 6.3 1.8 0.3 2.0 6.6 9.0
Ireland 8 871 98.9 16.9 82.6 7.4 4.9 11.4 5.0 1.1 3.6 11.4 8.3 17.0
Italy 9 045 100.8 52.6 51.8 4.8 0.4 27.6 0.5 26.4 0.1 31.9 0.5 52.1
Japan 9 812 109.4 53.0 59.4 2.9 0.1 29.0 0.1 9.7 0.0 30.2 0.1 48.5
Korea 8 093 90.2 31.8 59.3 3.8 0.4 16.9 0.4 15.2 0.4 20.9 0.8 35.3
Luxembourg 9 356 104.3 30.5 72.7 12.4 6.0 27.3 6.0 26.4 22.0 28.1 23.9 29.2
Mexico 6 490 72.3 25.5 38.2 4.2 0.3 13.3 0.4 9.1 0.0 16.8 0.4 35.3
Netherlands 9 081 101.2 59.6 40.0 6.8 0.7 41.1 0.8 55.7 8.8 56.3 9.1 58.9
New Zealand 11 230 125.2 20.0 106.0 10.6 10.1 14.9 10.2 0.2 1.9 14.9 11.7 15.9
Norway 8 894 99.1 9.9 88.8 2.8 5.2 3.7 5.2 0.8 0.1 4.0 5.2 9.9
Poland 8 047 89.7 12.2 78.9 5.5 8.6 5.8 8.7 1.0 0.5 6.0 8.9 13.6
Portugal 7 824 87.2 27.8 58.5 8.8 3.6 14.7 3.6 20.7 11.9 23.6 13.6 31.9
Slovak Republic 8 648 96.4 40.9 55.6 11.7 2.6 23.3 2.5 23.2 1.3 29.4 3.6 42.4
Spain 8 150 90.8 12.7 74.2 5.0 5.3 6.2 5.4 0.0 0.1 6.2 5.5 13.9
Sweden 8 635 96.3 11.5 85.8 4.4 6.2 6.1 6.1 4.2 0.0 6.7 5.9 12.0
Switzerland 9 830 109.6 37.5 66.7 8.0 4.8 17.0 4.8 5.9 1.0 18.0 5.6 34.2
Turkey 6 928 77.2 40.8 35.8 5.9 0.7 24.3 0.7 23.9 0.2 29.6 0.9 52.8
United Kingdom 11 156 124.4 23.5 97.8 8.6 6.1 14.8 6.4 0.6 1.2 14.9 7.4 18.9
United States 11 186 124.7 29.1 94.0 12.7 7.7 18.9 7.7 5.8 4.3 20.8 10.7 23.3
     OECD average 8 971 100.0 33.0 68.1 7.2 3.8 20.5 3.8 17.8 2.8 24.3 6.1
Partners
Argentina 10 197 113.7 53.2 58.4 12.2 1.6 31.4 1.6 26.2 5.2 40.4 6.6 46.8
Azerbaijan 3 106 34.6 17.9 18.1 1.4 0.4 2.5 0.4 0.8 0.2 3.1 0.5 51.8
Brazil 7 970 88.8 41.4 46.6 8.2 0.6 24.1 0.7 14.5 3.8 28.7 4.5 46.6
Bulgaria 11 352 126.5 69.6 59.4 16.4 1.0 47.5 0.9 23.6 0.2 48.2 1.2 55.0
Chile 8 446 94.1 53.0 52.2 14.2 0.8 38.8 0.7 14.6 0.7 42.6 1.5 56.3
Colombia 7 200 80.3 25.2 57.0 7.5 1.3 14.1 1.4 6.5 6.6 15.0 7.3 31.3
Croatia 7 356 82.0 33.8 50.0 6.0 1.3 20.4 1.3 25.7 8.2 26.4 8.5 41.3
Estonia 6 986 77.9 16.0 61.5 3.8 2.9 6.5 2.9 0.1 0.5 6.4 3.3 20.5
Hong Kong-China 8 381 93.4 34.1 58.3 3.6 0.6 13.6 0.6 8.3 4.9 16.4 5.0 36.5
Indonesia 4 909 54.7 19.4 25.4 0.7 0.0 8.0 0.0 4.7 0.0 9.0 0.0 35.5
Israel 12 299 137.1 44.4 96.1 9.9 4.1 20.0 4.1 5.4 0.8 21.7 4.8 32.4
Jordan 7 989 89.1 19.7 67.5 5.1 3.3 7.8 3.3 0.0 0.0 7.8 3.3 22.1
Kyrgyzstan 6 991 77.9 30.7 48.3 3.0 0.2 17.4 0.2 0.0 1.0 17.0 1.1 39.4
Latvia 7 056 78.7 14.5 64.2 4.3 3.1 6.7 3.1 0.6 1.6 6.8 4.5 18.4
Liechtenstein 9 330 104.0 c c c c c c c c c c c
Lithuania 8 082 90.1 25.5 65.4 9.0 3.8 15.0 3.9 12.2 0.5 17.5 4.3 28.3
Macao-China 6 095 67.9 19.2 55.0 1.0 0.3 2.2 0.3 7.7 8.5 7.8 8.7 28.3
Montenegro 6 390 71.2 20.2 50.8 3.5 0.8 12.0 0.9 15.4 5.0 16.4 5.2 28.3
Qatar 7 012 78.2 47.3 41.9 c c c c 17.6 0.6 c c 60.5
Romania 6 585 73.4 35.5 37.7 6.8 1.0 19.8 1.0 19.5 0.0 25.2 1.0 48.3
Russian Federation 8 023 89.4 24.1 66.9 4.6 2.2 8.2 2.2 5.0 4.1 9.4 5.5 27.0
Serbia 7 224 80.5 34.3 48.7 6.6 1.0 22.9 1.0 22.2 3.2 25.5 3.7 42.6
Slovenia 9 628 107.3 64.8 42.8 6.2 0.3 46.2 0.3 52.0 0.1 54.3 0.4 60.4
Chinese Taipei 8 889 99.1 45.8 51.7 6.0 1.0 26.4 1.0 23.2 1.3 30.7 2.2 46.2
Thailand 5 958 66.4 25.6 43.6 7.7 0.4 18.0 0.6 7.4 1.3 19.4 1.9 38.5
Tunisia 6 768 75.4 32.3 43.9 3.0 0.2 12.6 0.2 25.0 2.1 26.5 2.2 42.8
Uruguay 8 887 99.1 39.6 57.7 11.8 1.9 23.9 2.0 26.3 2.6 32.8 4.2 39.9

3. The sum of the between- and within-school variance components, as an estimate from a sample, does not necessarily add up to the total.

Total 
variance in 

SP2

Variance expressed as a percentage of the average variance in student performance (SP) across OECD countries1

5. This index is often referred to as the intra-class correlation (rho).

2. The total variance in student performance is calculated from the square of the standard deviation for the students used in the analysis. The statistical variance in student performance and not the standard deviation is used for this 
comparison to allow for the decomposition.

4. In some countries, sub-units within schools were sampled instead of schools and this may affect the estimation of the between-school variance components (see Annex A2).

1. The variance components were estimated for all students in participating countries with data on socio-economic background and study programmes. 

Total variance 
between schools 
expressed as a 

percentage of the 
total variance 

within the country5

Total variance in 
SP expressed as a 
percentage of the 

average variance in 
student 

performance 
across OECD 

countries3

Variance explained by 
students' study 

programmes

Variance explained by 
students' study 

programmes and  the 
PISA index of economic, 
social and cultural status 
of students and schools

Total 
variance in 

SP 
between 

schools4

Total 
variance in 
SP within 
schools

Variance explained by  
the PISA index of 

economic, social and 
cultural status of 

students

Variance explained by  
the PISA index of 

economic, social and 
cultural status of 

students and schools
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Table 4.3c

Results based on students' self-reports

Difference S.E. Difference S.E. Difference S.E. Difference S.E.
OECD
Australia -2.0 (5.0) -15.2 (7.4) -0.4 (4.4) 3.0 (3.9)
Austria -90.1 (11.1) -96.4 (13.2) -60.9 (8.4) -36.8 (9.4)
Belgium -86.4 (6.5) -102.4 (7.9) -57.2 (5.4) -51.8 (6.0)
Canada -16.9 (4.5) -20.7 (5.8) -12.8 (4.1) -10.1 (4.9)
Czech Republic c c c c c c c c
Denmark -86.9 (7.7) -95.7 (8.8) -48.9 (7.6) -33.3 (9.3)
Finland c c c c c c c c
France -53.1 (9.2) -58.8 (10.9) -18.1 (7.6) -18.2 (8.4)
Germany -85.4 (6.7) -96.9 (8.0) -45.8 (6.5) -24.3 (8.3)
Greece -44.3 (9.6) -78.9 (11.0) -25.1 (8.6) -10.4 (11.5)
Hungary c c c c c c c c
Iceland c c c c c c c c
Ireland -10.5 (11.7) c c -12.8 (10.3) c c
Italy -58.4 (7.8) c c -46.9 (8.1) c c
Japan c c c c c c c c
Korea c c c c c c c c
Luxembourg -66.5 (3.3) -82.3 (3.6) -31.7 (3.9) 0.0 (5.4)
Mexico c c c c c c c c
Netherlands -75.5 (9.7) -85.6 (11.6) -41.0 (7.9) -36.9 (9.4)
New Zealand -15.9 (6.0) -38.6 (8.7) -16.7 (4.5) -7.4 (4.7)
Norway -58.6 (8.5) -59.8 (10.9) -35.3 (9.0) -24.0 (11.8)
Poland c c c c c c c c
Portugal -54.9 (10.8) c c -56.5 (8.3) c c
Slovak Republic c c c c c c c c
Spain -59.7 (6.9) c c -48.2 (6.1) c c
Sweden -60.8 (5.1) -67.6 (6.1) -43.4 (4.5) -32.0 (7.6)
Switzerland -81.4 (4.2) -95.5 (4.4) -56.3 (4.1) -37.2 (5.5)
Turkey c c c c c c c c
United Kingdom -32.5 (9.0) -49.1 (14.3) -14.2 (6.0) -8.3 (6.7)
United States -48.3 (6.4) -62.2 (6.9) -16.8 (6.1) -9.5 (7.0)
     OECD total -40.1 (2.9) -51.7 (3.7) -24.5 (2.6) -16.4 (2.9)
     OECD average -54.4 (1.8) -69.1 (2.3) -34.4 (1.5) -21.1 (2.0)
Partners
Argentina c c c c c c c c
Azerbaijan c c c c c c c c
Brazil c c c c c c c c
Bulgaria c c c c c c c c
Chile c c a a c c a a
Colombia c c a a c c a a
Croatia -19.4 (4.4) c c -7.1 (4.4) c c
Estonia -32.8 (4.9) c c -30.2 (4.8) c c
Hong Kong-China -9.1 (4.1) -38.7 (11.2) 8.4 (3.8) c c
Indonesia c c c c c c c c
Israel -5.7 (5.4) 3.6 (7.6) 9.0 (4.9) 1.4 (5.4)
Jordan 25.8 (4.5) c c 15.1 (4.1) c c
Kyrgyzstan c c c c c c c c
Latvia -3.3 (6.2) c c -6.0 (5.8) c c
Liechtenstein -47.2 (11.7) -107.3 (20.1) -34.0 (10.9) -23.8 (12.3)
Lithuania c c c c c c c c
Macao-China 11.0 (2.6) 10.1 (2.6) 17.3 (2.7) 34.7 (14.5)
Montenegro 16.7 (5.9) c c 16.0 (5.8) c c
Qatar 58.0 (2.4) 62.5 (4.4) 58.9 (2.4) 58.2 (2.7)
Romania c c c c c c c c
Russian Federation -13.6 (6.0) c c -11.7 (5.5) -1.1 (5.1)
Serbia 8.6 (4.7) c c 10.8 (4.0) c c
Slovenia -56.0 (5.5) -78.5 (7.1) -29.0 (5.5) -10.4 (7.7)
Chinese Taipei c c c c c c c c
Thailand c c c c c c c c
Tunisia c c c c c c c c
Uruguay c c c c c c c c

Note: Values that are statistically significant are indicated in bold (see Annex A3).

Differences in science performance between students with an immigrant background (first- and second-generation) and native 
students associated with students’ immigrant background and home language

Difference in the science performance 

WITHOUT ACCOUNTING for the economic, social and cultural status 
of students

WITH ACCOUNTING for the economic, social and cultural status of 
students

Students with an immigrant 
background minus native 

students 

Students with an immigrant 
background who speak a 
language at home that is 

different from the language of 
instruction minus native 

students

Students with an immigrant 
background minus native 

students 

Students with an immigrant 
background who speak a 
language at home that is 

different from the language of 
instruction minus native 

students
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Table 4.4a
Relationship between student performance in science and the PISA index of economic, social and cultural status (ESCS)

S.E. S.E. S.E. S.E. Index S.E. Index S.E. Difference S.E. S.E. S.E. S.E.

OECD
Australia 527 (2.3) 519 (1.7) 11.3 (0.78) 43 (1.5) -1.08 (0.02) 1.39 (0.03) 2.47 (0.03) 0.21 (0.01) 0.78 (0.01) -1.23 (1.38) -0.22 (0.03) 6.1 (0.3)
Austria 511 (3.9) 502 (3.7) 15.4 (2.02) 46 (3.1) -1.04 (0.07) 1.63 (0.05) 2.67 (0.09) 0.20 (0.02) 0.83 (0.02) -7.84 (1.73) 0.09 (0.08) 6.0 (0.7)
Belgium 510 (2.5) 503 (2.2) 19.4 (1.29) 48 (1.9) -1.29 (0.04) 1.58 (0.02) 2.87 (0.05) 0.17 (0.02) 0.91 (0.01) -2.01 (0.97) -0.26 (0.04) 8.6 (0.5)
Canada 534 (2.0) 524 (1.8) 8.2 (0.68) 33 (1.4) -0.99 (0.02) 1.60 (0.02) 2.59 (0.03) 0.37 (0.02) 0.81 (0.01) -2.57 (1.14) -0.29 (0.03) 4.7 (0.3)
Czech Republic 513 (3.5) 512 (3.2) 15.6 (1.35) 51 (2.6) -1.14 (0.02) 1.30 (0.02) 2.44 (0.03) 0.03 (0.02) 0.76 (0.01) -3.37 (1.96) 0.03 (0.06) 7.8 (0.5)
Denmark 496 (3.1) 485 (2.5) 14.1 (1.43) 39 (2.0) -1.14 (0.04) 1.72 (0.03) 2.86 (0.04) 0.31 (0.03) 0.89 (0.01) -1.00 (1.27) -0.16 (0.05) 6.5 (0.5)
Finland 563 (2.0) 556 (1.8) 8.3 (0.87) 31 (1.6) -1.04 (0.03) 1.48 (0.02) 2.52 (0.03) 0.26 (0.02) 0.79 (0.01) 1.89 (1.56) -0.17 (0.04) 5.6 (0.4)
France 495 (3.4) 502 (2.7) 21.2 (1.77) 54 (2.5) -1.50 (0.06) 1.30 (0.03) 2.81 (0.07) -0.09 (0.03) 0.86 (0.02) 1.14 (1.88) -0.19 (0.04) 14.1 (0.8)
Germany 516 (3.8) 505 (3.1) 19.0 (1.45) 46 (2.1) -1.16 (0.05) 1.82 (0.04) 2.99 (0.06) 0.29 (0.03) 0.93 (0.01) -3.60 (1.17) -0.09 (0.05) 6.8 (0.6)
Greece 473 (3.2) 479 (2.6) 15.0 (1.72) 37 (2.2) -1.72 (0.04) 1.45 (0.06) 3.18 (0.07) -0.15 (0.03) 0.97 (0.02) -4.04 (1.39) 0.04 (0.03) 20.2 (1.1)
Hungary 504 (2.7) 508 (2.2) 21.4 (1.58) 44 (1.8) -1.53 (0.03) 1.50 (0.03) 3.02 (0.05) -0.09 (0.03) 0.92 (0.02) -3.28 (1.25) 0.12 (0.04) 15.4 (1.0)
Iceland 491 (1.6) 470 (2.1) 6.7 (0.80) 29 (1.8) -0.67 (0.04) 2.11 (0.02) 2.79 (0.04) 0.77 (0.01) 0.87 (0.01) -2.61 (1.69) -0.24 (0.04) 2.4 (0.3)
Ireland 508 (3.2) 510 (2.5) 12.7 (1.37) 39 (2.2) -1.38 (0.04) 1.43 (0.04) 2.81 (0.05) -0.02 (0.03) 0.86 (0.01) -1.05 (1.34) 0.02 (0.04) 12.0 (0.7)
Italy 475 (2.0) 478 (1.9) 10.0 (0.94) 31 (1.6) -1.59 (0.03) 1.67 (0.04) 3.25 (0.05) -0.07 (0.02) 0.98 (0.01) -4.57 (0.94) 0.21 (0.02) 18.7 (0.6)
Japan 531 (3.4) 533 (3.1) 7.4 (0.95) 39 (2.7) -1.08 (0.02) 1.13 (0.01) 2.22 (0.02) -0.01 (0.02) 0.70 (0.01) -11.25 (2.49) 0.06 (0.03) 6.9 (0.5)
Korea 522 (3.4) 522 (3.0) 8.1 (1.49) 32 (3.1) -1.32 (0.05) 1.30 (0.04) 2.62 (0.07) -0.01 (0.02) 0.81 (0.01) 2.51 (1.77) -0.14 (0.04) 10.7 (0.6)
Luxembourg 486 (1.1) 483 (1.1) 21.7 (1.12) 41 (1.2) -1.96 (0.02) 1.72 (0.02) 3.68 (0.03) 0.09 (0.01) 1.10 (0.01) -1.71 (0.93) -0.36 (0.03) 17.6 (0.5)
Mexico 410 (2.7) 435 (2.4) 16.8 (1.72) 25 (1.3) -2.95 (0.06) 1.21 (0.06) 4.16 (0.08) -0.99 (0.04) 1.31 (0.02) 1.61 (0.62) 0.20 (0.04) 52.5 (1.4)
Netherlands 525 (2.7) 515 (2.4) 16.7 (1.65) 44 (2.2) -1.23 (0.06) 1.60 (0.03) 2.83 (0.06) 0.25 (0.03) 0.89 (0.02) 2.11 (1.65) -0.12 (0.04) 7.5 (0.7)
New Zealand 530 (2.7) 528 (2.3) 16.4 (1.11) 52 (1.8) -1.27 (0.04) 1.40 (0.04) 2.67 (0.05) 0.10 (0.02) 0.83 (0.01) 2.68 (1.61) -0.28 (0.08) 9.0 (0.4)
Norway 487 (3.1) 474 (2.8) 8.3 (1.10) 36 (2.5) -0.73 (0.03) 1.62 (0.03) 2.35 (0.04) 0.42 (0.02) 0.76 (0.01) -4.10 (1.65) -0.32 (0.05) 2.3 (0.3)
Poland 498 (2.3) 510 (2.1) 14.5 (1.13) 39 (1.8) -1.56 (0.03) 1.31 (0.07) 2.87 (0.07) -0.30 (0.02) 0.87 (0.01) 0.60 (1.09) -0.25 (0.04) 20.8 (0.9)
Portugal 474 (3.0) 492 (2.3) 16.6 (1.50) 28 (1.4) -2.46 (0.03) 1.70 (0.03) 4.16 (0.04) -0.62 (0.04) 1.28 (0.02) 0.80 (0.78) 0.42 (0.03) 43.5 (1.5)
Slovak Republic 488 (2.6) 495 (2.2) 19.2 (1.96) 45 (2.6) -1.40 (0.07) 1.48 (0.02) 2.88 (0.07) -0.15 (0.02) 0.91 (0.02) -3.39 (2.75) 0.20 (0.12) 13.5 (0.9)
Spain 488 (2.6) 499 (1.9) 13.9 (1.21) 31 (1.3) -1.93 (0.05) 1.56 (0.01) 3.48 (0.05) -0.31 (0.03) 1.07 (0.01) -2.44 (0.99) 0.23 (0.03) 29.1 (1.0)
Sweden 503 (2.4) 496 (2.2) 10.6 (0.97) 38 (2.1) -1.04 (0.03) 1.47 (0.04) 2.50 (0.05) 0.24 (0.02) 0.79 (0.01) -1.49 (1.84) -0.33 (0.09) 5.6 (0.4)
Switzerland 512 (3.2) 508 (2.6) 15.7 (1.20) 44 (1.8) -1.37 (0.03) 1.54 (0.03) 2.91 (0.04) 0.09 (0.02) 0.89 (0.01) -2.30 (1.24) -0.04 (0.03) 11.7 (0.5)
Turkey 424 (3.8) 463 (6.4) 16.5 (2.96) 31 (3.2) -2.85 (0.04) 0.77 (0.08) 3.62 (0.08) -1.28 (0.04) 1.10 (0.03) 5.72 (1.39) 0.15 (0.05) 62.7 (1.6)
United Kingdom 515 (2.3) 508 (1.9) 13.9 (1.12) 48 (1.9) -1.12 (0.03) 1.50 (0.01) 2.62 (0.03) 0.19 (0.01) 0.81 (0.01) -0.33 (1.62) -0.13 (0.05) 6.6 (0.5)
United States 489 (4.2) 483 (3.0) 17.9 (1.63) 49 (2.5) -1.39 (0.06) 1.59 (0.04) 2.98 (0.07) 0.14 (0.04) 0.91 (0.02) 3.30 (1.38) -0.21 (0.04) 11.0 (0.9)
     OECD total 491 (1.2) 496 (0.9) 20.2 (0.57) 45 (0.6) -2.00 (0.03) 1.47 (0.01) 3.47 (0.03) -0.10 (0.01) 1.04 (0.01) -0.86 (0.40) -0.10 (0.02) 17.9 (0.3)
     OECD average 500 (0.5) 500 (0.5) 14.4 (0.26) 40 (0.4) -1.43 (0.01) 1.50 (0.01) 2.93 (0.01) 0.00 (0.00) 0.91 (0.00) -1.39 (0.28) -0.07 (0.01) 14.9 (0.1)
Partners
Argentina 391 (6.1) 416 (4.7) 19.5 (2.33) 38 (2.4) -2.54 (0.06) 1.27 (0.07) 3.81 (0.08) -0.64 (0.07) 1.16 (0.02) 3.11 (1.65) -0.06 (0.06) 37.9 (2.2)
Azerbaijan 382 (2.8) 388 (2.7) 4.7 (1.71) 11 (2.0) -2.06 (0.04) 1.31 (0.04) 3.37 (0.05) -0.45 (0.03) 1.06 (0.02) 3.86 (1.16) 0.13 (0.05) 33.7 (1.2)
Brazil 390 (2.8) 424 (3.6) 17.1 (1.92) 30 (1.9) -3.04 (0.02) 0.89 (0.04) 3.93 (0.05) -1.12 (0.03) 1.25 (0.01) 6.10 (1.33) 0.05 (0.03) 52.9 (1.1)
Bulgaria 434 (6.1) 446 (4.4) 24.1 (2.76) 52 (3.6) -1.77 (0.09) 1.44 (0.06) 3.20 (0.11) -0.21 (0.05) 1.01 (0.02) -1.55 (1.99) -0.05 (0.08) 21.1 (1.4)
Chile 438 (4.3) 465 (3.3) 23.3 (1.92) 38 (1.8) -2.55 (0.08) 1.30 (0.07) 3.85 (0.10) -0.70 (0.06) 1.18 (0.03) 4.30 (1.12) 0.15 (0.05) 42.3 (2.2)
Colombia 388 (3.4) 411 (3.0) 11.4 (1.57) 23 (1.6) -2.95 (0.07) 1.06 (0.08) 4.01 (0.10) -1.00 (0.05) 1.23 (0.03) 4.03 (1.12) 0.04 (0.05) 49.9 (2.0)
Croatia 493 (2.4) 497 (2.3) 12.3 (1.21) 34 (1.9) -1.46 (0.04) 1.46 (0.04) 2.92 (0.05) -0.11 (0.02) 0.87 (0.01) 0.01 (1.16) 0.23 (0.03) 13.5 (0.6)
Estonia 531 (2.5) 527 (2.4) 9.3 (1.12) 31 (2.0) -1.11 (0.03) 1.44 (0.02) 2.56 (0.03) 0.14 (0.02) 0.81 (0.01) 5.04 (2.20) 0.02 (0.04) 7.3 (0.7)
Hong Kong-China 542 (2.5) 560 (2.9) 6.9 (1.26) 26 (2.3) -2.17 (0.04) 0.98 (0.08) 3.14 (0.09) -0.67 (0.03) 0.93 (0.02) -1.24 (1.50) 0.18 (0.03) 37.6 (1.2)
Indonesia 393 (5.7) 425 (7.5) 10.2 (2.31) 21 (2.6) -3.11 (0.04) 0.35 (0.07) 3.46 (0.08) -1.52 (0.05) 1.08 (0.02) 4.01 (1.25) 0.29 (0.07) 68.6 (2.1)
Israel 454 (3.7) 448 (3.5) 10.9 (1.10) 43 (2.7) -1.29 (0.04) 1.50 (0.06) 2.79 (0.07) 0.22 (0.02) 0.86 (0.01) 5.25 (1.84) -0.60 (0.05) 8.3 (0.6)
Jordan 422 (2.8) 438 (2.8) 11.2 (1.35) 27 (1.8) -2.57 (0.09) 1.03 (0.05) 3.59 (0.09) -0.57 (0.03) 1.11 (0.02) 2.93 (0.95) -0.46 (0.05) 34.0 (1.2)
Kyrgyzstan 322 (2.9) 340 (2.8) 8.2 (1.42) 27 (2.6) -2.02 (0.02) 0.83 (0.04) 2.85 (0.04) -0.66 (0.02) 0.88 (0.01) 4.65 (1.54) 0.00 (0.05) 35.0 (1.1)
Latvia 490 (3.0) 491 (2.6) 9.7 (1.41) 29 (2.3) -1.40 (0.03) 1.42 (0.04) 2.82 (0.05) -0.02 (0.02) 0.90 (0.01) -1.99 (1.84) 0.03 (0.04) 14.7 (0.8)
Liechtenstein 522 (4.1) 513 (4.3) 20.4 (4.42) 49 (5.5) -1.34 (0.08) 1.70 (0.11) 3.04 (0.12) 0.19 (0.05) 0.89 (0.03) -9.11 (4.43) -0.09 (0.12) 9.2 (1.3)
Lithuania 488 (2.8) 487 (2.3) 15.2 (1.33) 38 (2.0) -1.37 (0.02) 1.49 (0.03) 2.86 (0.04) 0.04 (0.03) 0.92 (0.01) -2.32 (1.72) 0.04 (0.03) 14.6 (0.6)
Macao-China 511 (1.1) 523 (1.8) 2.2 (0.49) 13 (1.5) -2.28 (0.02) 0.55 (0.03) 2.83 (0.03) -0.91 (0.01) 0.87 (0.01) -2.81 (1.10) 0.23 (0.03) 48.6 (0.8)
Montenegro 412 (1.1) 412 (1.1) 7.5 (0.90) 24 (1.4) -1.44 (0.03) 1.42 (0.02) 2.87 (0.03) -0.02 (0.01) 0.90 (0.01) 0.30 (1.36) -0.82 (0.02) 14.4 (0.5)
Qatar m m m m m m m m m m m m m m m m m m m m m m m m
Romania 418 (4.2) 431 (3.9) 16.6 (3.15) 35 (3.4) -1.89 (0.06) 1.27 (0.06) 3.16 (0.09) -0.37 (0.04) 0.95 (0.03) 1.05 (1.69) 0.08 (0.05) 24.1 (1.3)
Russian Federation 479 (3.7) 483 (3.2) 8.1 (1.23) 32 (2.6) -1.31 (0.03) 1.18 (0.01) 2.48 (0.03) -0.10 (0.03) 0.79 (0.01) 0.28 (2.32) 0.20 (0.04) 12.6 (0.9)
Serbia 436 (3.0) 440 (2.5) 13.2 (1.27) 33 (1.8) -1.56 (0.03) 1.52 (0.04) 3.08 (0.05) -0.14 (0.03) 0.94 (0.01) -1.21 (1.61) -0.03 (0.06) 16.9 (0.9)
Slovenia 519 (1.1) 513 (1.2) 16.7 (1.11) 46 (1.6) -1.25 (0.04) 1.57 (0.02) 2.82 (0.04) 0.13 (0.01) 0.87 (0.01) -1.09 (1.71) 0.09 (0.03) 8.7 (0.4)
Chinese Taipei 532 (3.6) 546 (2.8) 12.5 (1.19) 42 (2.1) -1.60 (0.04) 1.04 (0.03) 2.63 (0.05) -0.31 (0.02) 0.80 (0.01) 1.38 (1.32) 0.41 (0.04) 20.3 (1.1)
Thailand 421 (2.1) 461 (3.3) 15.9 (2.00) 28 (1.6) -2.84 (0.04) 0.77 (0.07) 3.62 (0.07) -1.43 (0.03) 1.11 (0.02) 4.96 (1.15) 0.01 (0.03) 69.4 (1.1)
Tunisia 386 (3.0) 408 (4.4) 9.5 (2.11) 19 (2.2) -3.26 (0.03) 1.08 (0.08) 4.34 (0.08) -1.20 (0.07) 1.36 (0.03) 4.59 (0.96) 0.68 (0.04) 56.9 (2.3)
Uruguay 428 (2.7) 446 (2.5) 18.3 (1.23) 34 (1.4) -2.47 (0.04) 1.43 (0.04) 3.90 (0.05) -0.51 (0.03) 1.19 (0.01) 3.70 (0.98) -0.05 (0.04) 34.7 (1.1)

Note: Values that are statistically significant are indicated in bold (see Annex A3).

1. Single-level bivariate regression of science performance on the ESCS, the slope is the regression coefficient for the ESCS.

2. Student-level regression of science performance on the ESCS and the squared term of the ESCS, the index of curvelinearity is the regression coefficient for the squared term.
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distribution of the ESCS

Standard 
deviation

Score point 
difference 

associated with 
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ESCS squared

Score 
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difference 
associated 
with one 

unit on the 
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5th percentile of the 
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Mean 
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variance in 
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mean score
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Mean 
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Length of the projection of the gradient line ESCS mean
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and 5th percentile of the 
ESCS

5/25/2009 10:41 PM E:\PISA2006\Analysis\Tables_Ch4_052109.xls T4.4a



4
Quality and eQuity in the performance of students and schools

171
PISA 2006: Science Competencies for Tomorrow’s World, Vol. 1 © OECD 2007

Bulgaria
Germany
Slovenia

Czech Republic
Austria

Hungary
Netherlands

Belgium
Argentina

Chile
Japan
Italy

Greece
Chinese Taipei

Israel
Brazil

Slovak Republic
Turkey

Uruguay
Switzerland

Romania
Serbia

Hong Kong-China
Croatia
Tunisia
Korea

Kyrgyzstan
Luxembourg

United States
Portugal
Thailand
Mexico

Lithuania
Colombia

Russian Federation
United Kingdom

Montenegro
New Zealand

Australia
Jordan

Indonesia
Macao-China

Azerbaijan
Canada
Ireland
Estonia

Denmark
Latvia
Spain

Poland
Sweden
Norway
Iceland
Finland

% 100 80 60 40 20 0 20 40 60 80 100 120 %

Figure 4.1
Variance in student performance between schools

and within schools on the science scale

Expressed as a percentage of the average variance in student performance in OECD countries

Total between-school variance

Between-school variance explained
by the PISA index of economic, social

and cultural status of students and schools

Total within-school variance

Within-school variance explained
by the PISA index of economic, social
and cultural status of students and schools

Source: OECD PISA 2006 database, Table 4.1a.

OECD average
33.0%

OECD average
68.1%

Between-school variance Within-school variance
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mainly speak at home, explain their performance disadvantage. In Germany and Denmark, for example, 
accounting for the socio-economic background of students reduces the performance disadvantage of 
immigrant students from 85 to 46 score points and from 87 to 49 score points respectively and, across 
OECD countries, the average reduction is from 54 to 34 score points. However, this reduction tends to be 
similar across countries and the rank order of countries, in terms of the performance gap between immigrant 
and native students, remains fairly stable before and after accounting for the socio-economic context.14 

The results suggest that the relative performance levels of students with an immigrant background cannot 
solely be attributed to the composition of immigrant populations in terms of their educational and socio-
economic background. Nor can they be attributed solely to the country of origin: for example, a more 
detailed analysis of the PISA 2003 survey shows that immigrant students from Turkey performed 31 points 
better in mathematics in Switzerland than they did in the neighbouring country Germany (OECD, 2005c).

Figure 4.3
Characteristics of schools attended by native students  

and students with an immigrant background

School characteristics are LESS favourable for 
students with an immigrant background by:

School characteristics are MORE favourable for 
students with an immigrant background by:

<<< at least 0.50 index points >>>
<< between 0.20 and 0.49 index points >>
< up to 0.19 index points >

Percentage  
of immigrant 

students1
Economic, social  

and cultural status1

Quality  
of educational 

resources1
Student/teacher  

ratio1
Teacher  

shortage1

O
EC

D Australia 22     
Austria 13 < < <  >  

Belgium 13 < < <  > > < <
Canada 21     

Denmark 8 < < <    
France 13 < < < w w w

Germany 14 < < <   < <
Greece 8 < < < <   
Ireland 6     

Italy 4 < <  >  
Luxembourg 36 < < < >  >
Netherlands 11 < < <    

New Zealand 21   < <  
Norway 6 < < <    
Portugal 6     

Spain 7 < <  > >  
Sweden 11 < <  > >  

Switzerland 22 < < <    
United Kingdom 9 < <  > >  

United States 15 < < <  < <  

Pa
rt

ne
rs Croatia 12 < <    

Estonia 12    > >
Hong Kong-China 44 < < <    

Israel 23 < <    
Jordan 17 > > > > < <  
Latvia 7  > >   

Macao-China 74 < < < >  >
Montenegro 7 > >  < <

Qatar 40 > > < < >
Russian Federation 9     

Serbia 9     
Slovenia 10 < < < <   

Schools have similar characteristics 9 24 20 24

Schools that immigrant students attend have more 
favourable characteristics 3 5 6 4

Schools that immigrant students attend have less 
favourable characteristics 20 2 5 3

1. Scores were standardised within each country sample to make an index which has 0 as the country mean and 1 as the standard deviation within the country.
Source: OECD PISA 2006 database, Table 4.3d.
12 http://dx.doi.org/10.1787/141848881750
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Figure 4.5
Relationship between student performance in science

and socio-economic background for the OECD area as a whole
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e

Note: Each dot represents 497 students drawn randomly from the OECD area.
Source: OECD PISA 2006 database.
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Figure 4.5 points to several findings: 

• Students from more advantaged socio-economic backgrounds generally perform better. This finding, 
already noted above, is shown by the upward slope of the gradient line. Across the OECD countries this 
advantage averages to 40 score points in science for each increase of one standard deviation in socio-
economic background.

• A given difference in socio-economic status is associated with a change in student science performance 
that is roughly the same throughout the distribution – i.e. the marginal benefit of extra socio-economic 
advantage neither diminishes nor rises by a substantial amount as this advantage grows. This is shown by 
the fact that the socio-economic gradient is nearly a straight line.

• The relationship between student performance and the PISA index of economic, social and cultural 
status is not deterministic, in the sense that many disadvantaged students shown on the left of the figure 
score well above what is predicted by the international gradient line while a sizeable proportion of 
students from privileged home backgrounds perform below what their home background would predict. 
For any group of students with similar backgrounds, there is a considerable range of performance. 

To what extent is this relationship an inevitable outcome of socio-economic differences, as opposed to an 
outcome that is amenable to public policy? One approach to answering this question lies in examining to 
what extent different countries succeed in moderating the relationship between socio-economic background 
and student performance. 
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Mean score

Mean score if the  
mean ESCS1 would  

be equal in  
all OECD countries 

Percentage of explained 
variance in student 

performance

Score point difference 
associated with one unit  
on the ESCS1, 2 (gradient)

Percentage of students 
that fall within the lowest 
15% of the international 
distribution on the ESCS1

O
EC

D Australia 527 519 11.3 43 6.1
Austria 511 502 15.4 46 6.0

Belgium 510 503 19.4 48 8.6
Canada 534 524 8.2 33 4.7

Czech Republic 513 512 15.6 51 7.8
Denmark 496 485 14.1 39 6.5

Finland 563 556 8.3 31 5.6
France 495 502 21.2 54 14.1

Germany 516 505 19.0 46 6.8
Greece 473 479 15.0 37 20.2

Hungary 504 508 21.4 44 15.4
Iceland 491 470 6.7 29 2.4
Ireland 508 510 12.7 39 12.0

Italy 475 478 10.0 31 18.7
Japan 531 533 7.4 39 6.9
Korea 522 522 8.1 32 10.7

Luxembourg 486 483 21.7 41 17.6
Mexico 410 435 16.8 25 52.5

Netherlands 525 515 16.7 44 7.5
New Zealand 530 528 16.4 52 9.0

Norway 487 474 8.3 36 2.3
Poland 498 510 14.5 39 20.8

Portugal 474 492 16.6 28 43.5
Slovak Republic 488 495 19.2 45 13.5

Spain 488 499 13.9 31 29.1
Sweden 503 496 10.6 38 5.6

Switzerland 512 508 15.7 44 11.7
Turkey 424 463 16.5 31 62.7

United Kingdom 515 508 13.9 48 6.6
United States 489 483 17.9 49 11.0

OECD total 491 496 20.2 45 17.9
OECD average 500 500 14.4 40 14.9

Pa
rt

ne
rs Argentina 391 416 19.5 38 37.9

Azerbaijan 382 388 4.7 11 33.7
Brazil 390 424 17.1 30 52.9

Bulgaria 434 446 24.1 52 21.1
Chile 438 465 23.3 38 42.3

Colombia 388 411 11.4 23 49.9
Croatia 493 497 12.3 34 13.5
Estonia 531 527 9.3 31 7.3

Hong Kong-China 542 560 6.9 26 37.6
Indonesia 393 425 10.2 21 68.6

Israel 454 448 10.9 43 8.3
Jordan 422 438 11.2 27 34.0

Kyrgyzstan 322 340 8.2 27 35.0
Latvia 490 491 9.7 29 14.7

Lithuania 488 487 15.2 38 14.6
Macao-China 511 523 2.2 13 48.6
Montenegro 412 412 7.5 24 14.4

Romania 418 431 16.6 35 24.1
Russian Federation 479 483 8.1 32 12.6

Serbia 436 440 13.2 33 16.9
Slovenia 519 513 16.7 46 8.7

Chinese Taipei 532 546 12.5 42 20.3
Thailand 421 461 15.9 28 69.4

Tunisia 386 408 9.5 19 56.9
Uruguay 428 446 18.3 34 34.7

Note: Values that are statistically significant are indicated in bold (see Annex A3).
1. ESCS: the PISA index of economic, social and cultural status.
2. Single-level bivariate regression of science performance on the ESCS, the slope is the regression coefficient for the ESCS.
Source: OECD PISA 2006 database, Table 4.4a.
12 http://dx.doi.org/10.1787/141848881750

Figure 4.6
How socio-economic background relates to student performance in science
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socio-economic background there would be progressively less advantage in terms of student performance. 
Indeed, the gradients follow this pattern in some countries, with column 8 in Table 4.4a showing statistically 
significant negative values on the index of curvilinearity, most notably in Japan and Austria, but also in Italy, 
Norway, Greece, Germany, Hungary, Canada and Spain, as well as the partner economies Liechtenstein and 
Macao-China. However, in another group of countries, most notably in Turkey and the United States and the 
partner country Brazil, and to a lesser extent in the partner countries Israel, Estonia, Thailand, Kyrgyzstan, 
Tunisia, Chile, Colombia, Indonesia, Azerbaijan, Uruguay and Jordan, they are relatively gentle at low 
levels of socio-economic status and become steeper at higher levels (with column 8 in Table 4.4a showing 
statistically significant positive values). In these countries, among the more advanced group of students, 
home background makes a greater difference to student performance in science. In other words, the greater 
the socio-economic advantage, the greater the advantage it has in terms of student performance. In the 
remaining countries, these effects are small and not statistically significant. The finding that in all countries 
gradients tend to be roughly linear, or only modestly curved across the range of economic, social and 
cultural status, has an important policy implication. Many socio-economic policies are aimed at increasing 
resources for the most disadvantaged, either through taxation or by targeting benefits and socio-economic 
programmes to certain groups. The PISA 2006 results suggest that it is not easy to establish a low economic, 
social and cultural status baseline, below which performance sharply declines. Moreover, if such status is 
taken to be a surrogate for the decisions and actions of parents aimed at providing a richer environment 
for their children – such as taking an interest in their school work – then these findings suggest that there is 
room for improvement at all levels on the socio-economic continuum. The fact that it is difficult to discern 
a baseline, however, does not imply that differentiated student support is not warranted. 
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Countries are ranked in descending order of the difference between the unadjusted mean score and the mean score if the mean
PISA index of economic, social and cultural status would be equal in all OECD countries.
Note: Statistically significant differences are marked in a darker tone.
Source: OECD PISA 2006 database, Table 4.4a.

Figure 4.7
Difference between the unadjusted mean score and the mean score

on the science scale if the mean PISA index of economic, social
and cultural status were equal in all OECD countries

Lower performance expected

Higher performance expected
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Figure 4.8
Student variability in the distribution
of the PISA index of economic, social

and cultural status (ESCS)

Countries are ranked in ascending order of the interquartile range
of the distribution of the student-level ESCS.
Source: OECD PISA 2006 database, Table 4.4b.

PISA index of economic, social and cultural status

Figure 4.9
School variability in the distribution
of the PISA index of economic, social

and cultural status (ESCS)

Countries are ranked in ascending order of the interquartile range
of the distribution of the student-level ESCS.
Source: OECD PISA 2006 database, Table 4.4b.

PISA index of economic, social and cultural status

25th percentile 75th percentile 25th percentile 75th percentile
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The variability of many factors described in this report is greater within than between schools. For example, 
the performance variability in schools is much greater than the variation of schools’ average performance. 
This is true also of students’ socioeconomic background. A comparison of the difference between the 25th 
percentile and the 75th percentile shows that on average across OECD countries this amounts to 1.28 units on 
the student-level PISA index of economic, social and cultural status, whereas the variability between schools 
on the same measure averages around half of this figure (0.63 units). This can be seen in Figure 4.9.

12 http://dx.doi.org/10.1787/141848881750
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Figure 4.10
Performance in science and the impact of socio-economic background

Average performance of countries on the PISA science scale and the relationship
between performance and the PISA index of economic, social and cultural status
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Note: OECD mean used in this figure is the arithmetic average of all OECD countries.
Source: OECD PISA 2006 database, Table 4.4a.
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Figure 4.10 above summarises the findings by contrasting average performance in science (as shown on 
the vertical axis) with the strength of the relationship between socio-economic background and science 
performance, used as explained above as a proxy for equity in the distribution of learning opportunities 
(as shown on the horizontal axis). Australia, Canada, Finland, Japan and Korea as well as the partner 
countries/economies Hong Kong-China, Estonia and Macao-China, represented in the upper right quadrant 
of the figure, are examples of countries that display high levels of student performance in science and, at 
the same time, a below-average impact of economic, social and cultural status on student performance. 
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Effect of the PISA index of economic, social and cultural status (ESCS)

Index of inclusion5

 

Overall  
effect of ESCS2

Within-school  
effect of ESCS3 

Between-school  
effect of ESCS4

Student-level score point 
difference associated with  

one unit of the ESCS

Student-level score point 
difference associated with one 
unit of the student-level ESCS

School-level score point 
difference associated with one 
unit of the school mean ESCS

Proportion of ESCS variance 
within schools

O
EC

D Australia 43 29 56 0.77
Austria 46 10 110 0.71

Belgium 48 17 102 0.73
Canada 33 23 44 0.81

Czech Republic 51 19 120 0.73
Denmark 39 32 41 0.87

Finland 31 30 10 0.91
France w w w w

Germany 46 14 114 0.75
Greece 37 16 66 0.66

Hungary 44 7 85 0.54
Iceland 29 29 -5 0.85
Ireland 39 28 48 0.79

Italy 31 7 87 0.76
Japan 39 5 133 0.76
Korea 32 9 80 0.74

Luxembourg 41 24 69 0.77
Mexico 25 6 37 0.60

Netherlands 44 11 123 0.78
New Zealand 52 41 55 0.82

Norway 36 31 29 0.88
Poland 39 35 21 0.76

Portugal 28 17 32 0.69
Slovak Republic 45 21 56 0.63

Spain 31 24 21 0.76
Sweden 38 32 34 0.87

Switzerland 44 26 70 0.82
Turkey 31 9 65 0.69

United Kingdom 48 32 71 0.83
United States 49 34 51 0.74

OECD total 45    
OECD average 40 21 64 0.76

Pa
rt

ne
rs Argentina 38 13 57 0.61

Azerbaijan 11 7 15 0.63
Brazil 30 8 48 0.61

Bulgaria 52 13 68 0.49
Chile 38 11 54 0.47

Colombia 23 11 31 0.60
Croatia 34 14 83 0.78
Estonia 31 22 42 0.81

Hong Kong-China 26 9 64 0.76
Indonesia 21 1 42 0.67

Israel 43 26 69 0.76
Jordan 27 18 28 0.75

Kyrgyzstan 27 6 75 0.74
Latvia 29 21 35 0.80

Liechtenstein 49 c c c
Lithuania 38 24 47 0.73

Macao-China 13 7 15 0.67
Montenegro 24 11 65 0.80

Qatar m m m m
Romania 35 12 60 0.66

Russian Federation 32 20 39 0.76
Serbia 33 12 75 0.74

Slovenia 46 7 121 0.74
Chinese Taipei 42 14 107 0.77

Thailand 28 8 42 0.50
Tunisia 19 4 36 0.64

Uruguay 34 14 45 0.62

1. In some countries, sub-units within schools were sampled instead of schools as administrative units and this may affect the estimation of school-level effects.
2. Single-level bivariate regression of science performance on the ESCS, the slope is the regression coefficient for the ESCS.
3. Two-level regression of science performance on student ESCS and school mean ESCS: within-school slope for ESCS and variance explained by the model at 
the student level.
4. Two-level regression of science performance on student ESCS and school mean ESCS: between-school slope for ESCS and variance explained by the model 
at the school level.
5. The index of inclusion is derived from the intra-class correlation for ESCS as 1- the intra class correlation coefficient.
Source: OECD PISA 2006 database, Table 4.4b.
12 http://dx.doi.org/10.1787/141848881750

Figure 4.11
Within-school and between-school socio-economic effect1
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and cultural status for the individual student (grey bar) and for the average of the student’s school (blue 
bar). One-half a student-level standard deviation was chosen as the benchmark for measuring performance 
gaps because this value describes realistic differences between schools in terms of their socio-economic 
composition: on average across OECD countries, the difference between the 75th and 25th quartiles of the 
distribution of the school mean PISA index of economic, social and cultural status is 0.63 of a student-
level standard deviation. This value ranges from 0.45 standard deviations or less in Norway, Finland, the 
Czech Republic, Denmark and Sweden, to 0.90 or more standard deviations in Mexico  and Portugal, and 
the partner countries Tunisia, Argentina, Chile, Uruguay, Brazil, Thailand and Colombia (see column 11 in 
Table 4.4b). 
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Figure 4.12
Effects of students‘ and schools‘ socio-economic background

on student performance in science

Differences in performance on the science scale associated with one-half of
a student-level standard deviation on the PISA index of economic, social and cultural status
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Note: Data on blue background are values of the interquartile range of the school-level average PISA index of economic, social
and cultural status.
Source: OECD PISA 2006 database, Table 4.4b.

Effect of students’ economic,
social and cultural status

Effect of schools’ economic,
social and cultural status
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In almost all countries, and for all students, the relatively long blue bars in Figure 4.12 indicate the clear 
advantage in attending a school whose students are, on average, from more advantaged socio-economic 
backgrounds. Regardless of their own socio-economic background, students attending schools in which the 
average socio-economic background is high tend to perform better than when they are enrolled in a school 
with a below-average socio-economic intake. In the majority of OECD countries the effect of the average 
economic, social and cultural status of students in a school – in terms of performance variation across 
students – far outweighs the effects of the individual student’s socio-economic background. 




