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Abstract 
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Organization for Economic Cooperation and Development. 
The OECD analysis overreaches by offering highly specific 
policy-related interpretations of correlations among 
socio-economic status and science achievement within and 
between schools among the large number of nations 
participating in PISA. The PISA measure of socio-economic 
status has no interpretable metric, and it is not strictly 
comparable across nations or years. The OECD analysis 
failed to identify independent effects of the components of 
socio-economic status or differences in those effects among 
nations or among areas of academic achievement. There 
were notable failures to identify and compensate for 
international differences in the reliability of the 
socio-economic data and to address the implications of 
international differences in the variability of socio-economic 
status. A primitive analysis of socio-economic effects on 
academic achievement, on between- and within-school 
differences in achievement, and differences in those effects 
among nations led to unwarranted inferences about national 
differences in academic achievement and factors affecting 
those differences. The article offers practical suggestions 
about ways to improve the analysis of the highly valuable 
PISA data. 
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I. Introduction  
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).1 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 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. 

1
 The Coleman-Campbell Report about the U.S. was soon followed by the parallel 
Plowden Report (1968) in Great Britain. 
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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.2 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 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 
[OECD], 2007c), I get the eerie feeling that nothing has changed in 
nearly 50 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.3  

2
 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).  

3
 To be sure, Chapter 4 also gives some consideration to immigrant status, 
non-native language use, and the valuation of science by students. 
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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 socio-economic 
context of schools on students’ performance in science. Such 
efforts have a long and undistinguished history, for average levels 
of socio-economic 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 of scatter plots 
of school levels of academic performance by individual and school 
values of the PISA SES Index (OECD, 2007c: 200-210, 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 influences 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 (OECD, 2007a, 2007b). 

The elaboration and documentation of these observations is 
the substance of my discussion. In the following pages, I use 
Chapter 4 as an example of cross-national educational research. I 
briefly summarize the main features and findings of Chapter 4 and 
intersperse my discussion of each of them. 
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II. Measurement Issues: The PISA Indexes of 
Student Achievement and SES 

A. 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 the competency and knowledge area scales 
separately. (OECD, 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 
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social background and schools and, even if it is one-dimensional, 
whether each of the academic achievement constructs responds 
similarly to social background and school factors 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. 4  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 status than is the composite science scale, and 
the measures of between- and within-school variance would also 
change. 5  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 & 
Goldberger, 1971, 1975; Jöreskog & 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. 

4
 That is, standard errors of the estimated effects of explanatory variables would be 
smaller. 

5
 If the measure of academic achievement were more reliable, within-school 
variance would decrease relative to between-school variance. 
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B. 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 socio-economic 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 
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 (OECD, 2007b: 333, Annex A1). 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 
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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, De Graaf, & Treiman, 1992; 
Ganzeboom & Treiman, 1996, 2003), 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 
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, “socio-economic” 
(OECD, 2007b: 333, Annex A1). 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.  
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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. If the units were countries, 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 socio-economic 
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 summarizes them in a 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 . . . .” (OECD, 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 
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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 socio-economic 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, estimation of a 
multiple-group MIMIC model would address these questions 
(Hauser & Goldberger, 1971; Jöreskog & Goldberger, 1975). 

Chapter 4 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 
(OECD, 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 
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different from the language of instruction” (OECD, 2007a: 121, 
Table 4.3c, reproduced in the Appendix). 6  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 
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 (OECD, 2007c: 179, Figure 4.3, 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 (OECD, 2007c: 180). 

III. Analytical Issues: Academic Achievement 
  and Socio-Economic Background 

A. 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 

6
 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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within-school effects of SES (pp. 181-196). 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. 196-198). 

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 socio-economic 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 (OECD, 2007c: 183, 
Figure 4.5, 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 (OECD, 2007c: 184, 
Figure 4.6, reproduced in the Appendix). The difference between 
these two statistics reflects the fact that there is variation in 
socio-economic levels among the countries.7 

B. Science Achievement and the Effect of 
Socio-Economic Background 

Figure 4.10 (reproduced in the Appendix) plots mean 

7
 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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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. (OECD, 
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 adjustment should take account of national differences in 
the PISA SES Index.8 Then, as just explained, the second axis of 
the graph should be the variance about the regression line, 
indicating (inversely) how academic performance follows 
socio-economic status.9 This relationship is shown in Figure 1. 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 

8
 To be sure, the text recognizes the import of socio-economic background for 
science achievement, and a consistent analysis would have taken that into account 
in the construction of Figure 4.10. 

9
 The rationale for preferring absolute error variance to the percentage of variance 
explained (or unexplained) is demonstrated in the next section. 
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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 1 (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 1 (science achievement) is similar to that in Figure 4.10, 
with exceptions noted below, but as shown in Figure 2, 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.10  

Figure 1 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 1, 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 

10
 Since the X-axis of Figure 4.10 goes from high to low percentages of explained 
variance, while the X-axis of Figure 1 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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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 
steeper than the OECD average (40) (OECD, 2007a: 123-124, 
Table 4.4a, reproduced in the Appendix). 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 
socio-economic background. Israel appears as slightly below 
average both in science achievement and in the impact of 
socio-economic background in Figure 4.10, but Figure 1 shows 
Israel as far below average in the impact of socio-economic 
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 1. 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 statistically (though not substantively) 
irrelevant differences in the variability of socio-economic 
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 
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countries to identify significant differences between the 
associations of the achievement-SES slope and the error variance 
with adjusted country means. 

IV. Cross-National Differences in Achievement 
Figure 4.6 (OECD, 2007c: 184, reproduced in the Appendix) 

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 socio-economic status, about 
the extent to which socio-economic status differences may account 
for cross-national differences in science achievement, and about 
socio-economic differences among the several student populations. 
Unfortunately, this table and the accompanying discussion provide 
a blurred picture of cross-national differences in socio-economic 
effects on achievement and of the role of cross-national differences 
in socio-economic status in accounting for mean differences in 
achievement among countries.  

The first two columns of Figure 4.6 report mean levels of 
achievement on the combined science scale as observed and 
adjusted for mean socio-economic differences among countries: 
“Mean score if the mean ESCS 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 (OECD, 2007a: 123-124, Table 4.4a, 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.11 However, 

11
 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 
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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 reported in somewhat different 
form in Figure 4.7, OECD, 2007c: 187, 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 socio-economic status and science 
achievement. To be sure, the report literally answers the question, 
“What is our best estimate of 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.12 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, in 
analyses reported here, 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 

distribution—reported in the last column of Figure 4.6—because the former 
enter directly into the adjustment of country means. 

12
 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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between the two versions of the adjusted means is extremely 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 SES 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: 

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. (OECD, 2007c: 185) 

Unfortunately, this measure does not yield valid cross-national 
comparisons.13 This follows from the definition of total variance 
in the regression model. The total variance in science achievement 
( 2ˆ yσ ) has two components, explained and unexplained variance. 

13
 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, Micklewright, Schnepf, & 
Waldmann, 2007: 643). 
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The former component is equal to the product of the variance in 
the regressor ( 2ˆ xσ )—in this case the PISA SES Index—and the 
square of the regression coefficient of achievement on SES ( 2β̂ ). 
The second component is the error variance ( 2ˆ εσ ), a measure of 
the scatter of observations about the regression line. Formally, that 
is: 

R2= 2β̂ 2ˆ xσ  ∕ ( 2β̂ 2ˆ xσ + 2ˆ εσ ) 
  

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 (OECD, 2007c: 188, reproduced in the Appendix), but it 
does not use this information to refine its findings about the 
strength of association between socio-economic status and 
academic achievement.14  

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 jεσ ), 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 (OECD, 2007a: 96, Table 4.1a; 123, Table 4.4a, 

14
 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. 
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reproduced in the Appendix). 15  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 2, 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 socio-economic 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 socio-economic status. In 
sum, the measure of 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 socio-economic 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. 

V. Within-School and Between-School 
 Regressions 

A. 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:  

15
 Data are missing for France and Qatar. 
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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 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. (OECD, 
2007c: 171-173)  

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 (OECD 2007c: 171, 
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 
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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 (OECD, 2007a: 96, Table 4.1a, 
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 2 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 
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enter the picture. 
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. 

B. 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 4.11 (OECD, 2007c: 192, 
reproduced in the Appendix) shows 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 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 
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context.” The text goes on:  

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. 
(OECD, 2007c: 195) 

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 
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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. (OECD, 2007c: 196) 

Chapter 4 immediately goes on to contrast the import of the 
two slopes in a fundamentally misleading way. Figure 4.12 (OECD 
2007c: 194, 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 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. (OECD, 2007c: 
193-194) 

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 
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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 socio-economic 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 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 

16
 This assumes that the distribution of student achievement scores is 
approximately normal. 

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 socio-economic background 
composition of schools and their achievement in science. 
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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 (OECD, 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 socio-economic 
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 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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摘 要 

本文探討在跨國資料中如何測量、分析及詮釋學生家庭社經背

景與科學表現之間的關係，並針對2006年PISA所提出的研究報告

做評論。PISA是由OECD所執行的一項跨國學生學習評量。OECD
對於PISA評量結果所做的分析與詮釋言過其詞，對於學生科學成就

與家庭背景之間的關係在學校之內或在學校之間的展現，和其跨國

之間的差異，做過度的政策性解釋。PISA的家庭社經地位量表並沒

有可詮釋的度量單位，也無法做嚴謹的跨國與跨年比較。OECD的

分析未能辨別家庭社經地位量表裡各指標的獨立效果，也無法區辨

這些效果在不同國家或在不同學科上的差異。OECD的分析沒有嘗

試克服不同國家家庭社經背景資料的信度高低有所差異的問題，也

未曾說明國與國之間在家庭社經地位差異程度上有顯著差別這其

中的意涵。OCED過於粗略的分析導致我們無法正確評斷國與國之

間在學生學習表現上的差異與造成這些差異的原因，為了使深富研

究價值的PISA資料得到更完善的分析，本文提供一些實質建議。 

 
關鍵詞：學業成就、情境效應、國際學生能力評量計畫、學校效

應、社經地位 
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