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Bivariate Associations Between Income Gaps  
and Country Characteristics

Before turning to our model-based estimates, we present 
a set of descriptive figures showing the bivariate associa-
tions between income achievement gaps and country char-
acteristics. Figures 2 through 6 plot the 90/10 income 
achievement gaps in each country against the four indices 
we constructed—poverty/inequality, social welfare policy, 
parental support, and educational differentiation—as well 
as our measure of curricular standardization based on cen-
tralized exams. To make each figure, we pooled the esti-
mated 90/10 gaps in all available subjects from PIRLS and 

PISA within each country to construct a single precision-
weighted estimate of the gap in each country. For those 
indices that are time varying, we averaged the index across 
years to get an average index for each country. In each fig-
ure, the size of the circle indicates the precision of the 
90/10 gap estimate, with the larger circles indicating the 
most precisely estimated gaps.

Each of Figures 2 to 6 includes three fitted lines. The 
thick solid line is the precision-weighted regression line 
through the 20 data points. Because the United States has 
extreme values of some of the indices (particularly, the pov-
erty/inequality and social welfare policy indices) and 
because the achievement gap data for the United States come 
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Figure 2.  Association between income achievement gap and poverty/inequality index, wealthy Organisation for Economic Co-
operation and Development countries, 2001 to 2012 (pooled Progress in International Reading Literacy Study and Programme for 
International Student Assessment data).
Note. The size of each circle indicates the precision of the 90/10 gap estimate, with the larger circles indicating the most precisely estimated gaps.
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Figure 3.  Association between income achievement gap and parental support index, wealthy Organisation for Economic Co-
operation and Development countries, 2001 to 2012 (pooled Progress in International Reading Literacy Study and Programme for 
International Student Assessment data).
Note. The size of each circle indicates the precision of the 90/10 gap estimate, with the larger circles indicating the most precisely estimated gaps.
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Figure 4.  Association between income achievement gap and social welfare index, wealthy Organisation for Economic Co-operation 
and Development countries, 2001 to 2012 (pooled Progress in International Reading Literacy Study and Programme for International 
Student Assessment data).
Note. The size of each circle indicates the precision of the 90/10 gap estimate, with the larger circles indicating the most precisely estimated gaps.
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Figure 5.  Association between income achievement gap and differentiation index, wealthy Organisation for Economic Co-operation 
and Development countries, 2001 to 2012 (pooled Progress in International Reading Literacy Study and Programme for International 
Student Assessment data).
Note. The size of each circle indicates the precision of the 90/10 gap estimate, with the larger circles indicating the most precisely estimated gaps.
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from the ECLS-K data rather than PISA and PIRLS, we also 
fit precision-weighted regression lines that exclude the 
United States in order to examine whether the fitted lines are 
heavily influenced by the presence of the United States in 
the sample. The estimates based on these regressions are 
shown as thinner solid lines in each figure. Finally, we also 
include a fitted line based on an unweighted regression to 
examine the sensitivity of our estimates to the precision 
weights. In most cases, the fitted lines are relatively insensi-
tive to whether the United States is in the sample and to 
whether we use precision weights or not.

In general, all of the associations with the country charac-
teristics are in the expected directions. The 90/10 gaps are 
most strongly associated with the poverty/inequality index, 
r(18) = .64, p = .002, and centralized exams, r(18) = −.64, p = 
.002, and are least strongly associated with the social wel-
fare policy index, r(18) = −.30, p = .19; the educational dif-
ferentiation index, r(18) = .25, p = .28; and the parental 
support index, r(18) = −.21, p = .37. Figures for the five 
separate components of the poverty/inequality index (income 
inequality, income segregation, child poverty rate, low-
birthweight rate, and teenage birth rate) are presented in 
Appendix Tables A1 through A5.

Multivariate Associations Between Income Gaps and 
National Characteristics

Table 3 presents the results of fitting various versions of 
Equation (2) above to predict the 90/10 income achievement 

gap. We begin with a null model (Model 0), which includes 
only a set of dummy variables indicating which study, year, 
and subject was tested.10 In this model—which, by construc-
tion, explains none of the between-country variance in 
gaps—the between-country variance of achievement gaps in 
our sample is .065 (corresponding to a standard deviation of 
0.25). In Model 1, we include the four indices and central-
ized exams in the model. Recall that the indices are stan-
dardized, so the coefficients can be interpreted as the 
difference in the size of the 90/10 income achievement gap 
associated with a 1-standard-deviation difference in the 
index, conditional on the other variables in the model.

Income achievement gaps are larger in countries with 
higher degrees of educational differentiation and smaller in 
countries with centralized exams, as predicted. The poverty/
inequality index is very strongly associated with the 90/10 
achievement gap, whereas the social welfare policy and 
parental support indices are not significantly associated with 
achievement gaps, conditional on the poverty/inequality 
level. Based on this finding, we drop the social welfare policy 
and parental support indices from subsequent models. Model 
2 then replaces the poverty/inequality index with three of its 
component items (Gini index, school income segregation, 
and the child poverty rate).11 For ease of interpretation, we 
divide these variables by their standard deviation in the sam-
ple of 20 countries so that the coefficients can be compared to 
those of the four indices and centralized exams. With all three 
component variables in the model, none is significantly asso-
ciated with achievement gaps. Because child poverty and the 
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Figure 6.  Association between income achievement gap and centralized exams, wealthy Organisation for Economic Co-operation 
and Development countries, 2001 to 2012 (pooled Progress in International Reading Literacy Study and Programme for International 
Student Assessment data).
Note. The size of each circle indicates the precision of the 90/10 gap estimate, with the larger circles indicating the most precisely estimated gaps.
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Gini index of income inequality are highly correlated, r(18) = 
.80, p < .001, their associations with income achievement 
gaps are difficult to separate, and including both in the model 
leads to inflated standard errors on both coefficients. Income 
segregation is also quite highly correlated with both child 
poverty and income inequality, r(18) = .59, p = .006, and 
r(18) = .56, p = .01, respectively. In Models 3 through 5, then, 
we enter each of the three variables separately and find that 
each of them is significantly associated with the income 
achievement gap when the others are not in the model. 
Educational differentiation remains strongly associated with 
income achievement gaps in all models, and centralized 
exams remain strongly negatively associated with gaps in all 
models. Overall, Models 3 through 5 yield results consistent 
with our expectations. As we predicted, income achievement 
gaps are larger in countries with higher levels of income 
inequality and child poverty, in countries with higher levels 
of income segregation, and in countries with higher levels of 
educational differentiation and are smaller in countries with 
centralized exams.12 Of the five models explored, Model 1 
fits the data best, explaining 70% of the variance in achieve-
ment gaps across countries.

We fit the same set of models to predict both the 90/50 
and 50/10 income achievement gaps (Model 1 for all three 

types of gaps is presented in Table 4). In many ways, the 
results are quite consistent with the models predicting the 
90/10 gaps, albeit with several interesting differences. First, 
educational differentiation is associated with significantly 
larger 50/10 gaps but not 90/50 gaps, which suggests that 
low-income students may be more likely than middle- and 
high-income students to be placed in the low track. Second, 
centralized exams are associated with significantly smaller 
90/50 gaps but not 50/10 gaps, which suggests that stan-
dardization may be particularly beneficial to middle-income 
students (or detrimental to high-income students, although 
prior literature has mostly found that centralized exams are 
associated with higher average achievement [Fuchs & 
Woessmann, 2007], a finding that we do not test here). 
Third, the poverty/inequality index is associated with sig-
nificantly larger 50/10 gaps but not 90/50 gaps. We also ran 
models entering income inequality, income segregation, 
and child poverty separately (not shown). Note that in these 
models, we use segregation of high-income students (above 
the 75th percentile) to predict 90/50 gaps and segregation of 
low-income students (below the 25th percentile) to predict 
50/10 gaps. Both income inequality and child poverty sig-
nificantly predict 50/10 gaps, whereas only income segre-
gation significantly predicts 90/50 gaps. The differing 

Table 3
Estimated Multivariate Associations of Country Characteristics With 90/10 Income Achievement Gap

Variable Model 0 Model 1 Model 2 Model 3 Model 4 Model 5

Educational differentiation index 0.104** 0.130** 0.151** 0.112** 0.137**
  (0.040) (0.045) (0.048) (0.041) (0.043)
Centralized exams −0.092* −0.086* −0.098* −0.093* −0.107*
  (0.039) (0.042) (0.045) (0.042) (0.042)
Poverty/inequality index 0.144**  
  (0.047)  
Parental support index −0.019  
  (0.038)  
Social welfare policy index 0.055  
  (0.047)  
Income inequality (Gini index) 0.010 0.105*  
  (0.074) (0.052)  
School income segregation 0.074 0.110*  
  (0.048) (0.043)  
Child poverty rate 0.061 0.107*
  (0.066) (0.044)
Intercept 0.969*** 0.919*** 0.979*** 0.970*** 0.983*** 0.970***
  (0.064) (0.042) (0.046) (0.048) (0.046) (0.047)
Within-country residual variance 0.002 0.001 0.002 0.002 0.002 0.002
Between-country residual variance 0.065 0.020 0.022 0.029 0.025 0.027
Variance explained (between countries) 0.698 0.663 0.562 0.622 0.586
N (observations) 75 75 75 75 75 75
N (countries) 20 20 20 20 20 20

Note. Estimates from random-effects models using pooled Progress in International Reading Literacy Study and Programme for International Student Assess-
ment data. United States included; U.S. data from Early Childhood Longitudinal Study–Kindergarten Cohort. Standard errors in parentheses.
*p < .05. **p < .01. ***p < .001.



16

results for child poverty are consistent with what we might 
expect, as it is plausible that child poverty most strongly 
affects gaps at the bottom of the income distribution (the 
50/10 gap). However, the differing results for income segre-
gation and income inequality were unexpected.

Finally, we ran two additional sets of analyses to confirm 
the robustness of our results. First, because we are concerned 
that our results may be influenced by the presence of the 
United States in the sample (recall that the test scores for the 
United States are based on ECLS-K rather than PISA and 
PIRLS and that some of the measures of U.S. characteristics, 
like school income segregation, are taken from different 
sources than in the other countries), we reran all the analyses 
in Tables 3 and 4 excluding the United States. The pattern of 
results (the magnitude and direction of signs as well as statisti-
cal significance) is largely unchanged with the United States 
excluded from the sample (results not shown). Last, because 
we are concerned that our results may be influenced by the 
restricted sample of 20 countries with available income data, 
we also computed gaps for the full population of OECD mem-
ber countries. As household income data were unavailable in 
these additional countries, we computed gaps based on two 
other SES variables: highest parent educational attainment 
(available in both PISA and PIRLS) and ESCS (available only 
in PISA). Multivariate models predicting parent education 
gaps for the original restricted sample are presented in 
Appendix Table A3, and models predicting parent education 

and ESCS gaps for the full OECD population are presented in 
Tables A4 and A5 (ESCS models cannot be run for the 
restricted sample, as ESCS is unavailable in PIRLS). Results 
differ very little between the restricted sample and the full 
OECD population, but compared to the models predicting 
income gaps, the associations with income inequality (Gini 
coefficient) and educational standardization (centralized 
exams) are weaker and generally nonsignificant. Thus, we ten-
tatively conclude that the restricted sample does not bias our 
results extremely and that differences between our results for 
income and those previously published using other SES mea-
sures may be due to substantive differences in the relationship 
between family income versus other family socioeconomic 
characteristics and student achievement. These findings are 
discussed in further detail below.

Discussion

There is considerable variation across our sample of 
OECD countries in the strength of the association between 
family income and academic achievement, but the size of the 
gap is only modestly associated with national income 
inequality. The achievement gap between high- and low-
income students is, on average, about 1.0 standard deviation, 
but this varies widely across countries. The income achieve-
ment gap in our sample of countries is largest in Portugal, 
Luxembourg, the United States, Belgium (Flanders), and 

Table 4
Estimated Multivariate Associations of Country Characteristics With 90/10, 90/50, and 50/10 Income Achievement Gaps

Variable

90/10 90/50 50/10

Model 1 Model 1 Model 1

Educational differentiation index 0.104** 0.036 0.070*
  (0.040) (0.021) (0.032)
Centralized exams −0.092* −0.080*** −0.014
  (0.039) (0.019) (0.031)
Poverty/inequality index 0.144** 0.039 0.110**
  (0.047) (0.023) (0.037)
Parental support index −0.019 −0.017 −0.006
  (0.038) (0.018) (0.029)
Social welfare policy index 0.055 0.019 0.044
  (0.047) (0.023) (0.038)
Intercept 0.919*** 0.525*** 0.388***
  (0.042) (0.024) (0.034)
Within-country residual variance 0.001 0.000 0.000
Between-country residual variance 0.020 0.004 0.012
Variance explained (between countries) 0.698 0.763 0.582
N (observations) 75 75 75
N (countries) 20 20 20

Note. Estimates from random-effects models using pooled Progress in International Reading Literacy Study and Programme for International Student Assess-
ment data. United States included; U.S. data from Early Childhood Longitudinal Study–Kindergarten Cohort. Standard errors in parentheses.
*p < .05. **p < .01. ***p < .001.
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Hungary. Some of these countries, notably, the United States 
and Portugal, have very high levels of income inequality; 
others, such as Luxembourg and Belgium (Flanders), how-
ever, have moderately low levels of income inequality. The 
countries with the smallest income achievement gaps are 
Iceland, Norway, Sweden, Poland, and Denmark, most of 
which are Scandinavian countries with low levels of inequal-
ity. Poland, however, has both moderately high income 
inequality and low income achievement gaps. Our calcula-
tions of international income achievement gaps provide 
some valuable context for the findings on the U.S. income 
achievement gaps. The U.S. income gap is quite large, par-
ticularly at the primary school level, where it is larger than 
all of those that we estimated for PIRLS.

The second part of our analysis here focuses on investi-
gating whether and how the income achievement gap is 
associated with a set of country characteristics, including 
poverty rates and inequality, social welfare policy, paren-
tal support policy, educational differentiation, and curricu-
lar standardization. Although evidence of cross-national 
associations between national characteristics and aca-
demic achievement gaps in cross-sectional data is cer-
tainly not sufficient to identify the extent to which the 
gaps are caused by the factors we investigate, evidence of 
associations is suggestive and may help guide theory and 
future research.

In exploring these associations, we hypothesized that 
countries with higher income inequality would have larger 
income achievement gaps. We found a modest positive asso-
ciation between the two in bivariate analyses, and this asso-
ciation remained evident when we included other covariates 
in a multivariate model. Prior studies have found no clear 
association between socioeconomic achievement gaps and 
measures of economic inequality, and our supplementary 
analyses for SES gaps (reported in Tables A3 through A5) 
also find no significant association with income inequality. 
That we find such an association when predicting income 
achievement gaps suggests that in countries with high 
income inequality, income may be particularly salient in 
shaping students’ educational opportunities (compared to 
other measures of family SES, such as parental education 
and occupational status). This finding is consistent with a 
story by which income inequality leads to wider income 
achievement disparities largely through its effects on income 
segregation and child poverty rates. Our finding that both 
income inequality and child poverty are more strongly 
related to 50/10 than to 90/50 gaps points to the negative 
consequences of poverty for educational opportunity.

One consistent pattern in all of our analyses is that the 
extent to which students are segregated among schools by 
income is strongly related to the magnitude of achievement 
gaps. This finding is evident in our univariate analyses and 
in all of our multivariate models predicting 90/10 gaps. 
Moreover, this finding persists even after controlling for the 

income inequality, child poverty rates, the differentiation of 
the schooling system (which includes measures of tracking 
and private school enrollment rates), and the standardization 
of the schooling system. Notably, the pattern persists even 
after the United States is excluded from the sample, an 
important finding, given that its income segregation measure 
is very high relative to the other OECD countries.

Although the strong association of income segregation 
and the income achievement gap is clear, the mechanisms 
that produce this association are not. Because residential 
segregation and school segregation are generally correlated, 
it is not clear how much to think of this association as reflect-
ing school segregation (and inequalities in school quality 
associated with segregation) or residential segregation (and 
inequalities in environment and opportunities associated 
with residential segregation). The finding that, after control-
ling for other country characteristics, the segregation of 
high-income students significantly predicts 90/50 gaps, 
whereas the segregation of low-income students does not 
significantly predict 50/10 gaps, suggests that 50/10 gaps are 
better accounted for by poverty, inequality, and educational 
differentiation.

In addition to examining income inequality per se, we 
also explored the association of income achievement gaps 
with other aspects of social inequality, including social wel-
fare policy, parental support policy, and other measures of 
childhood disadvantage, such as low-birthweight rates and 
teenage childbearing rates. In general, each of these was 
associated with achievement gaps in the predicted direction, 
but most were not strongly associated with achievement 
gaps after controlling for other factors. We are not confident, 
however, that the social welfare policy and parental support 
indices were sufficiently well defined to capture the true 
relationship of social policies to income achievement gaps. 
With only 20 countries, a poorly measured construct may 
not yield particularly reliable estimates of these 
associations.

Finally, we explored the association of income achieve-
ment gaps to two features of national education systems—
structural differentiation and curricular standardization. 
Differentiation was positively associated with income 
achievement gaps, regardless of what other variables were in 
the model, suggesting that tracking regimes and private 
school enrollment may operate to exacerbate income 
achievement disparities. Our finding that differentiation is 
more strongly associated with 50/10 gaps than with 90/50 
gaps is consistent with the possibility that tracking may be 
particularly harmful to low-income students. In all of the 
countries in our sample, the academic track comprises the 
majority of students rather than an elite few. Thus, if track-
ing results in a disproportionate share of low-income stu-
dents being placed in lower-quality schooling, it may 
exacerbate achievement gaps between low-income students 
and their middle- and high-income peers.
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Curricular standardization, indicated by the use of cen-
tralized examinations, was consistently negatively and sig-
nificantly associated with income achievement gaps, in line 
with the hypothesis that standardization promotes greater 
homogeneity of quality across schools. Previous research 
has found inconsistent results for the association between 
socioeconomic achievement gaps and centralized exams, 
and our supplementary analyses for SES gaps (reported in 
Tables A3 through A5) also find no significant association 
with centralized exams. The strong and significant negative 
association for income gaps may indicate that in countries 
with low levels of curricular standardization, school quality 
is more strongly related to income than to SES more broadly. 
Moreover, our finding that standardization significantly pre-
dicts smaller 90/50 gaps but does not predict 50/10 gaps sug-
gests that greater variation in school quality may provide 
relative benefits to high-income students over both middle- 
and low-income students.

In sum, then, we find that there is a great deal of variation 
among wealthy countries in the extent to which children 
from richer and poorer households do well on standardized 
tests. Both this wide variation and the fact that the income 
achievement gap is strongly related to features of the educa-
tional system (as well as to broader social inequality and 
segregation) suggest that the income achievement gap is 
affected by social conditions and public policy decisions.

Our additional analyses of gaps based on other family 
socioeconomic characteristics (reported in appendix Tables 
A3 through A5) suggest that income achievement gaps may 
be substantively different from SES gaps. Unlike income 
gaps, SES gaps are not significantly related to income inequal-
ity or to centralized examinations. The possible finding of 
larger income-achievement gaps (but not larger SES-
achievement gaps) in countries with higher income inequality 
parallels prior research finding lower income mobility (but 
not lower educational mobility) in countries with higher 
income inequality (Breen & Jonsson, 2005; Corak, 2013) and 
merits further research. Although we did not investigate 

patterns of social mobility here, our findings on cross-national 
differences in income achievement gaps may help to illumi-
nate one mechanism underlying the association between 
income inequality and income mobility documented by Corak 
(2013). If school performance (as proxied by performance on 
standardized tests) is an important mechanism for upward 
mobility, then we might expect the income students ultimately 
attain as adults to be more strongly correlated with parental 
income in countries with large income achievement gaps. 
Clearly, more research investigating the role of educational 
inequality in patterns of social mobility is needed.

Because our findings are based on cross-sectional corre-
lational patterns, they do not provide strong evidence regard-
ing the causal processes underlying these associations. Yet 
they are consistent with the argument that broad societal 
inequality as well as features of the schooling system may 
play important roles in shaping patterns of educational 
inequality. To establish causal relationships, it would be 
preferable to observe how income achievement gaps change 
over time within countries as social and economic condi-
tions and policies change.

Unfortunately, such a design is not currently possible 
with PISA and PIRLS data. Collection of household income 
data in international large-scale assessments is limited and 
declining. Income items were removed from the PIRLS par-
ent survey after 2001, and the number of countries adminis-
tering income items in the PISA survey has declined each 
year since 2006. This significantly limits the potential of 
countries to monitor trends in income achievement gaps and 
the potential of scholars to investigate their causes, conse-
quences, and remedies. Because our results suggest that 
achievement gaps based on household income differ from 
gaps based on other family socioeconomic characteristics, 
the SES measures widely collected in studies like PIRLS 
and PISA may be insufficient to fully characterize socioeco-
nomic disparities in school performance. More and better 
international data on household income are essential for 
cross-national research on educational inequality.
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Table A2
Means and Standard Deviations of 90/10, 90/50, and 50/10 Income Achievement Gaps

Study Year Subject

90/10 Gap 90/50 Gap 50/10 Gap Sample N

M (SD) M (SD) M (SD) Obs. Countries

PIRLS 2001 Reading 0.934 (0.224) 0.498 (0.076) 0.438 (0.162) 13 13
PISA 2006 Reading 0.959 (0.320) 0.527 (0.158) 0.437 (0.208) 9 9
PISA 2006 Math 1.035 (0.272) 0.592 (0.132) 0.450 (0.158) 9 9
PISA 2006 Science 0.964 (0.288) 0.550 (0.154) 0.417 (0.181) 8 8
PISA 2009 Reading 1.037 (0.252) 0.587 (0.200) 0.455 (0.108) 7 7
PISA 2009 Math 1.116 (0.258) 0.622 (0.185) 0.507 (0.108) 7 7
PISA 2009 Science 1.064 (0.255) 0.587 (0.204) 0.484 (0.112) 7 7
PISA 2012 Reading 1.138 (0.318) 0.594 (0.196) 0.538 (0.136) 5 5
PISA 2012 Math 1.251 (0.281) 0.680 (0.212) 0.567 (0.119) 5 5
PISA 2012 Science 1.190 (0.402) 0.638 (0.256) 0.547 (0.154) 5 5
All All All 1.043 (0.267) 0.575 (0.169) 0.472 (0.139) 75 20

Note. U.S. data from Early Childhood Longitudinal Study–Kindergarten Cohort is included with PIRLS 2001 and PISA 2006. In each row, we can reject 
the null hypothesis that the true variance of the gaps is 0 (p < .001). PIRLS = Progress in International Reading Literacy Study; PISA = Programme for  
International Student Assessment; Obs. = observations.

Table A3
Estimated Multivariate Associations of Country Characteristics With 90/10 Parental Education Achievement Gap (Original Sample)

Variable Model 0 Model 1 Model 2 Model 3 Model 4 Model 5

Educational differentiation index 0.090* 0.064 0.103 0.054 0.099*
  (0.043) (0.049) (0.053) (0.048) (0.050)
Centralized exams −0.062 −0.081 −0.068 −0.085 * −0.057
  (0.040) (0.042) (0.049) (0.041) (0.045)
Poverty/inequality index 0.173***  
  (0.038)  
Parental support index 0.017  
  (0.034)  
Social welfare policy index 0.039  
  (0.045)  
Income inequality (Gini index) −0.082 0.086  
  (0.077) (0.052)  
School parent education segregation 0.086* 0.094*  
  (0.039) (0.039)  
Child poverty rate 0.133* 0.114**
  (0.063) (0.044)
Intercept 1.132*** 1.123*** 1.178*** 1.159*** 1.148*** 1.136***

(0.059) (0.044) (0.052) (0.051) (0.053) (0.049)
Within-country residual variance 0.001 0.000 0.000 0.000 0.001 0.000
Between-country residual variance 0.042 0.011 0.016 0.025 0.022 0.023
Variance explained (between countries) 0.729 0.615 0.404 0.489 0.456
N (observations) 75 75 75 75 75 75
N (countries) 20 20 20 20 20 20

Note. Estimates from random-effects models using pooled Progress in International Reading Literacy Study and Programme for International Student Assess-
ment data. United States included; U.S. data from Early Childhood Longitudinal Study–Kindergarten Cohort. Standard errors in parentheses.
*p < .05. **p < .01. ***p < .001.
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Table A4
Estimated Multivariate Associations of Country Characteristics With 90/10 Parental Education Achievement Gap (Full OECD 
Population; All Years of PIRLS and PISA)

Variable Model 0 Model 1 Model 2 Model 3 Model 4 Model 5

Educational differentiation index 0.137*** 0.115** 0.120** 0.106*** 0.115***
  (0.029) (0.035) (0.040) (0.031) (0.035)
Centralized exams 0.010 0.011 0.008 −0.001 0.018
  (0.029) (0.031) (0.035) (0.030) (0.034)
Poverty/inequality index 0.156***  
  (0.032)  
Parental support index 0.056*  
  (0.028)  
Social welfare policy index 0.003  
  (0.033)  
Income inequality (Gini index) −0.016 0.066  
  (0.058) (0.040)  
School parent education segregation 0.080* 0.097**  
  (0.032) (0.030)  
Child poverty rate 0.057 0.081*
  (0.054) (0.035)
Intercept 1.015 *** 1.019*** 1.031*** 1.015*** 1.032*** 1.014***

(0.044) (0.035) (0.037) (0.040) (0.038) (0.039)
Within-country residual variance 0.010 0.010 0.009 0.010 0.010 0.009
Between-country residual variance 0.041 0.018 0.024 0.032 0.025 0.030
Variance explained (between countries) 0.560 0.428 0.234 0.399 0.280
N (observations) 474 474 474 474 474 474
N (countries) 33 33 33 33 33 33

Note. OECD = Organisation for Economic Co-operation and Development; PIRLS = Progress in International Reading Literacy Study; PISA = Programme 
for International Student Assessment. Estimates from random-effects models using pooled PIRLS (2001, 2006, 2011) and PISA (2000, 2003, 2006, 2009, 
2012) data. United States included; U.S. data from PISA 2000 to 2012. Standard errors in parentheses.
*p < .05. **p < .01. ***p < .001.

Table A5
Estimated Multivariate Associations of Country Characteristics With 90/10 ESCS Achievement Gap (Full OECD Population; All Years 
of PISA)

Variable Model 0 Model 1 Model 2 Model 3 Model 4 Model 5

Educational differentiation index 0.094*** 0.050 0.108*** 0.044 0.102***
  (0.022) (0.030) (0.032) (0.024) (0.028)
Centralized exams −0.006 0.016 0.005 0.012 0.010
  (0.023) (0.024) (0.030) (0.023) (0.028)
Poverty/inequality index 0.127***  
  (0.023)  
Parental support index 0.026  
  (0.022)  
Social welfare policy index 0.046  
  (0.025)  

(continued)
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Figure A1.  Association between income achievement gap and income inequality, wealthy Organisation for Economic Co-operation 
and Development countries, 2001 to 2012 (pooled Progress in International Reading Literacy Study and Programme for International 
Student Assessment data).
Note. The size of each circle indicates the precision of the 90/10 gap estimate, with the larger circles indicating the most precisely estimated gaps.

Variable Model 0 Model 1 Model 2 Model 3 Model 4 Model 5

Income inequality (Gini index) −0.017 0.052  
  (0.045) (0.033)  
School ESCS segregation 0.098*** 0.107***  
  (0.027) (0.025)  
Child poverty rate 0.034 0.062*
  (0.042) (0.029)
Intercept 1.099*** 1.103*** 1.113*** 1.100*** 1.113*** 1.099***

(0.033) (0.022) (0.023) (0.028) (0.023) (0.028)
Within-country residual variance 0.004 0.004 0.003 0.004 0.003 0.004
Between-country residual variance 0.030 0.011 0.014 0.021 0.014 0.020
Variance explained (between countries) 0.623 0.539 0.290 0.529 0.333
N (observations) 437 437 437 437 437 437
N (countries) 30 30 30 30 30 30

Note. OECD = Organisation for Economic Co-operation and Development; PISA = Programme for International Student Assessment; ESCS = PISA index of 
economic, social, and cultural status. Estimates from random-effects models using pooled PISA (2000, 2003, 2006, 2009, 2012) data. United States included; 
U.S. data from PISA 2000 to 2012. Standard errors in parentheses.
*p < .05. **p < .01. ***p < .001.

Table A5  (continued)
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Figure A2.  Association between income achievement gap and income segregation, wealthy Organisation for Economic Co-operation 
and Development countries, 2001 to 2012 (pooled Progress in International Reading Literacy Study and Programme for International 
Student Assessment data).
Note. The size of each circle indicates the precision of the 90/10 gap estimate, with the larger circles indicating the most precisely estimated gaps.
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Figure A3.  Association between income achievement gap and child poverty rate, wealthy Organisation for Economic Co-operation and 
Development countries, 2001 to 2012 (pooled Progress in International Reading Literacy Study and Programme for International Student 
Assessment data).
Note. The size of each circle indicates the precision of the 90/10 gap estimate, with the larger circles indicating the most precisely estimated gaps.



24

Belgium (Flanders)

Canada (Ontario)

Canada (Quebec)

Germany

Denmark

England

Greece

Hungary

Iceland

Korea

Luxembourg

Netherlands

Norway

New Zealand

Poland

Portugal

Slovak Republic

Slovenia

Sweden

United States

0.50

0.75

1.00

1.25

1.50

90
/1

0 
In

co
m

e 
A

ch
ie

ve
m

en
t G

ap
 (s

d'
s)

2.00 4.00 6.00 8.00
Low Birthweight Rate

Fitted Line (Precision-weighted) (r = 0.54)

Fitted Line w/o US (Precision-weighted)

Fitted Line (Unweighted)

Figure A4.  Association between income achievement gap and low-birthweight rate, wealthy Organisation for Economic Co-
operation and Development countries, 2001 to 2012 (pooled Progress in International Reading Literacy Study and Programme for 
International Student Assessment data).
Note. The size of each circle indicates the precision of the 90/10 gap estimate, with the larger circles indicating the most precisely estimated gaps.
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Figure A5.  Association between income achievement gap and teenage birth rate, wealthy Organisation for Economic Co-operation 
and Development countries, 2001 to 2012 (pooled Progress in International Reading Literacy Study and Programme for International 
Student Assessment data).
Note. The size of each circle indicates the precision of the 90/10 gap estimate, with the larger circles indicating the most precisely estimated gaps.
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An earlier version of this paper was prepared for the conference 
“Income, Inequality, and Educational Success: New Evidence 
about Socioeconomic Status and Educational Outcomes,” sup-
ported by the American Educational Research Association, 
Stanford University, May 15 to 16, 2012.

Notes

  1. We obtain GDP per capita from the World Bank Factbook 
(World Bank, 2012). We use the 2012 value converted to constant 
2011 international dollars using purchasing-power parity rates.

  2. We check the robustness of our results by loosening these 
exclusion criteria and rerunning multivariate models for as many 
countries as possible. Due to the large amount of missing data for 
country covariates, the only two countries with complete covariate 
data that we could include in our models are the Czech Republic 
and Mexico, both Organisation for Economic Co-operation and 
Development (OECD) member countries with low-quality income 
data, resulting in very large standard errors on their estimated 
income achievement gaps. Results for models including these two 
extra countries are nearly identical to our main results for the sam-
ple of 20 countries. This is unsurprising because gaps with larger 
standard errors contribute less in our precision-weighted models.

  3. Canada (Ontario), Canada (Quebec), England, Germany, 
Greece, Iceland, the Netherlands, New Zealand, Norway, the 
Slovak Republic, Slovenia, and Sweden.

  4. Denmark, Germany, Iceland, Korea, Luxembourg, New 
Zealand, Poland, and Portugal.

  5. Denmark, Germany, Hungary, Korea, New Zealand, Poland, 
and Portugal.

  6. Belgium (Flanders), Germany, Hungary, Korea, and 
Portugal.

  7. In practice, it does not appear that the income categories 
were always defined this way in each country in the Programme 
for International Student Assessment (PISA) study. If they were 
defined this way, then the income categories in each country would 
span most of the income distribution (three categories above the 
median income and three below), but several countries have very 
large proportions (sometimes close to half) of the sample with 
incomes reported in the highest or lowest categories. The propor-
tions of incomes reported in the highest and lowest categories are 
reported for each country in Table 1.

  8. As described in Reardon (2011), the adjustment amounts 
to dividing each gap estimate (and the corresponding standard 
error) by r rs i , where rs and ri are the reliabilities of the test 
and of parent-reported family income, respectively. For Progress 
in International Reading Literacy Study (PIRLS) 2001 and each 
year of PISA, we obtain country-specific estimates of rs from the 
OECD’s technical reports (in the case of PISA) and the International 
Association for the Evaluation of Educational Achievement’s inter-
national report (in the case of PIRLS). For the United States, we 
use the published reliabilities of the Early Childhood Longitudinal 
Study–Kindergarten Cohort tests (Najarian et al., 2009). For ri, we 
assign a value of 0.86. This is the average estimated reliability of 
parent-reported income reported in Marquis, Marquis, and Polich 
(1986).

  9. We use the segregation between above- and below-median 
income students in the poverty/inequality index. In some of the 

models described later, however, we also use measures of the seg-
regation between students from households with incomes above 
and below the 75th percentile and of the segregation between stu-
dents from households with incomes above and below the 25th 
percentile.

10. In a fully unconditional model (with no test or subject dum-
mies), about 7% of the variance in gaps is within countries, and 
93% is between countries.

11. Based on exploratory analyses, we did not include the low-
birthweight rate or the teenage childbearing rate as they were not as 
strongly associated with the achievement gaps as these three items.

12. We also ran models examining the different variables com-
posing the differentiation, parental support, and social welfare 
indices separately, controlling for poverty/inequality and all other 
indices. In the differentiation index, the variables related to track-
ing (especially the age of track selection and the number of tracks) 
are more strongly associated with gaps than was the share of pri-
vate school enrollment. In the parental support index, none of the 
variables is strongly associated with gaps. In the social welfare pol-
icy index, the only variable strongly associated with gaps is public 
spending on family benefits in cash, but this association is positive 
rather than negative as hypothesized.
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