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ABSTRACT—Prior studies of students’ and adults’ cognitive competence have 

shown large differences between nations, equivalent to a difference of 5 to 10 years of 

schooling. These differences seem to be relevant because studies using different research 

paradigms have demonstrated that population-level cognitive abilities are related to a number 

of important societal outcomes, including productivity, democratization, and health. In this 

overview of transnational differences, we document a number of positive predictors of 

international differences in student competence, including the amount of preschool education, 

student discipline, quantity of education, attendance at additional schools, early tracking, the 

use of centralized exams and high stakes tests, and adult educational attainment. We found 

rather negative relationships for grade retention rates, age of school onset, and class size. 

Altogether, these results, when combined with the outcomes of earlier studies, demonstrate 

that international differences in cognitive competence can be explained in part by aspects of 

the respective countries’ educational systems and that these differences consequently can be 

reduced by reform of their educational policy. This has important implications not just for 

closing gaps in educational achievement, but for narrowing international gaps in wealth, 

health, and democracy.  
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COGNITIVE COMPETENCE AT THE MACROSOCIAL LEVEL AND ITS 

RELEVANCE FOR THE DEVELOPMENT OF SOCIETIES 

The past decade has seen a new development in the study of cognitive ability: 

Following a century of conceptual and psychometric development in which individual and 

group (socioeconomic, age, and ethnic) differences were examined, researchers have turned 

their attention to national and international differences in cognitive competence. The goal is 

to use cognitive differences to understand and predict national differences in a variety of 

outcomes: societal development, rate of democratization, population health, productivity, 

gross domestic product (GDP), and wage inequality. This development has been the 

offshoot of researchers in different disciplines working on cognitive ability, often using 

constructs borrowed from each other (even if sometimes unaware of doing so).  

Historically, the empirical analysis of students’ intellectual competence was the near 

exclusive purview of psychologists. However, today such analyses are carried out by 

researchers from many disciplines using different but related concepts. For instance, 

economists’ utilize the concept of human capital to include cognitive attainment (e.g., Blau 

& Kahn, 2005; Heckman, 2000), educationists use the concepts of literacy and numeracy 

(Organisation for Economic Co-operation and Development [OECD], 2005), and 

psychometricians’ and cognitive developmentalists’ focus on the concept of intelligence 

(Brody, 1992; Piaget, 1947). The measurement of cognitive abilities in these diverse 

research traditions is based on mental tasks that can be solved with thinking and with 

varying amounts of specific knowledge and school-based content within the different 

approaches. This includes tasks that were designed to be free of prior knowledge and 

school-initiated learning, such as abstract matrices, mazes, and figural relations that are 

neither taught explicitly nor made available in schools and homes (Ceci, 1991; 



Educational policy and cognitive competences 4 

 

Rindermann, 2007b). Students’ scores on all of these different measurement approaches 

correlate highly at the individual level (Ceci, 1991; Jensen, 1998) and very highly at the 

national level (Rindermann, 2007b): For example, students who score above average on 

educational tests also score above average on psychometric intelligence tests (Ceci, 1996), 

and children who exhibit advanced cognitive development on (qualitative) Piagetian tasks 

such as conservation and formal operational reasoning also tend to exhibit advanced 

performance on (quantitative) psychometric (intelligence) and educational tests (Jensen, 

1998). Thus, the manifold of positive correlations among ostensibly dissimilar tests (e.g., 

verbal, math, science, or figural; Piagetian, psychometric intelligence, or student 

assessment tests) is taken as evidence that the same underlying latent factor is involved in 

all complex cognitive performance (Ceci, 1991).  

In addition, educational and behavioral genetic research show that psychometric 

intelligence and student achievement depend on similar environmental and genetic factors. 

Results demonstrate akin heritability coefficients for both tests, and common analyses of 

intelligence and achievement found that one identical genetic factor had a strong influence 

on interindividual differences (Haworth, Kovas, Dale, & Plomin, 2008; Wainwright et al., 

2005). The influence of such genetic factors could even increase given an optimal 

environment for all children (Bronfenbrenner & Ceci, 1994; Ceci & Papierno, 2005).  

Regardless of the theoretical tradition or measurement approach taken, however, 

any influence of genetic factors on interindividual differences does not mean that cognitive 

competence is fixed genetically: Cognitive development could be influenced positively by a 

host of environmental factors, most notably institutionalized education (Armor, 2003; 

Barber, 2005; Ceci, 1991; Ceci & Williams, 1997; Luria, 1976; Winship & Korenman, 

1997). The influence of schooling has important policy implications for entire societies 

because cross-sectional and longitudinal studies controlling other possible determinants and 
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using cross-lagged designs have repeatedly shown that cognitive ability contributes to (a) 

the growth of both individual and national wealth (Hanushek & Kimko, 2000; Jones & 

Schneider, 2006; Rindermann, 2008b; Schmidt & Hunter, 2004; Weede & Kämpf, 2002), 

(b) wage differentials within and between nations (Blau & Kahn, 2005; Psacharopolous & 

Patrinos, 2004), (c) civil and political activity of citizens (Denny & Doyle, 2008), including 

the democratization of nations (Rindermann, 2008c; Simpson, 1997), and (d) individual and 

societal health and longevity (Goldman & Smith, 2002; Gottfredson & Deary, 2004; 

Rindermann & Meisenberg, 2009; United Nations Educational, Scientific and Cultural 

Organization, 2004). Cognitive ability is one of the most important causal factors for 

predicting and understanding economic, political, social, and cultural modernization 

process. It is important to note for the purposes of the present research that cognitive ability 

is also one of the most effective factors to manipulate via policy changes and experimental 

interventions. 

In this article, we extend this research by showing that although schooling is not the 

sole cause of differences in cognitive ability, it provides a means of predicting and 

understanding transnational differences that have enormous political and economic 

implications.  

THE MAGNITUDE OF INTERNATIONAL DIFFERENCES IN COGNITIVE 

COMPETENCES 

We start with an empirical finding that has been repeatedly documented: The well-

known large-scale international student assessment studies all demonstrate very large 

transnational differences in cognitive competence. The Programme of International Student 

Assessment (PISA), the Third International Mathematics and Science Study (TIMSS), and 

the Progress in International Reading Literacy Study (PIRLS), as well as the older cross-
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cultural comparisons of cognitive development (e.g., in the Piagetian tradition) and the 

recent national restandardizations of psychometric intelligence norms all reveal large gaps 

between nations’ cognitive test scores (for illustrative purposes, see Figure 1 based on 

analyses by Rindermann, 2007b). For instance, on the TIMSS 2003 8th grade assessment 

scale (uncorrected average of different content scales) with a mean student assessment 

score (SAS) of 500 (SD = 100), the results ranged between a national low of 254 for South 

Africa (IQ scale equivalent = 63) to a high of 592 for Singapore (IQ equivalent = 114). 

(And as an illustration in the more conventional IQ scale in which M = 100 and SD = 15, 

both measurement scales are used without any theoretical implications on the causes of 

cognitive ability differences.) Similarly, in the PISA 2000 assessment, the scores ranged 

between a national low SAS of 317 for Peru (IQ equivalent = 73) to a high of 543 for Japan 

(IQ equivalent = 106). And in the recent PISA assessment, Finnish 15-year-olds 

outperformed their Mexican counterparts on math, science, and reading by approximately 

150 points in each category. Lest the reader imagine that we have selected the most 

dramatic cognitive gaps between nations, these three illustrations are typical of the large 

between-country gaps observed in these data sets. 

The flip side of these  student assessment results is that psychometric intelligence 

test outcomes display a similarly wide intercountry range (Lynn & Vanhanen, 2002), from 

a low national IQ of 65 for Congo (equivalent to an SAS of 267) to a high IQ of 108 for 

Hong Kong and Singapore (an SAS of 553). Despite disagreements over the exact 

magnitude or interpretation of these transnational psychometric intelligence gaps (e.g., one 

could argue that intelligence tests are inappropriate in judging the intellectual “potential” of 

individuals in countries where schooling and the economy are undeveloped, health is poor, 

and the testing format is unfamiliar; see Ceci & Williams, 2009; Wicherts, Dolan, & van 

der Maas, in press), using standardization samples from the OECD or Western countries 
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(mean SAS = 500, SD = 100, and mean IQ = 100, SD = 15), these transnational ranges are 

striking. As large as these international differences appear to be, they may actually be 

underestimates because tests in some of the poorest countries are often administered to 

students in schools located in more developed regions and many of those who attend school 

irregularly are missing (Glewwe & Kremer, 2006). Also, because countries with 

substandard or war-ravaged school systems such as Liberia, Somalia, and Afghanistan did 

not participate in any of the large-scale assessments, the true range in transnational 

cognitive competence is probably even more pronounced (Rindermann, 2007b). 

Cognitive test scores (SAS and IQ) can be converted into estimated equivalents of 

years of schooling, and it turns out this sheds light not only on the magnitude of 

transnational cognitive gaps, but also on some of their causes. These values are calculated 

by comparing the results of PIRLS, TIMSS and PISA studies (e.g., Luyten & Veldkamp, 

2008) between neighboring grades (e.g., comparing results in Grade 3 and 4 or 7 and 8) or 

in longitudinal studies of single country subsamples  (e.g., PISA-E 2003 in Germany with 

Grades 9 and 10) or by using natural experiments in intelligence test studies such as earlier 

or later school entrance due to enrollment deadlines (Ceci, 1991; Cliffordson & Gustafsson, 

2008; Gustafsson, 2008; Winship & Korenman, 1997). Higher increases could be observed 

in lower grades, in high competence countries like Singapore, and generally (independent 

of measurement approach) in scales that include school content (e.g., verbal vs. figural 

scales; Stelzl, Merz, Remer, & Ehlers, 1995). Despite possible range restriction, the data 

show large transnational gaps that are equivalent to a difference of approximately 5 to 10 

years of learning in school. Hundreds of examples can be given to document this assertion, 

but here we provide a handful to give readers a sense of the phenomenon. The 4th grade 

assessments by PIRLS 2001 and TIMSS 1995 found huge gaps in children as young as 9–

11 years of age. For example, South Korea’s mean TIMSS student assessment score is 604 
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(equivalent to an IQ of 116), which is the equivalent of a 4.8 year advantage in school 

attendance over Kuwait’s SAS of 401 (equivalent to an IQ of 85); in PIRLS, the mean 

Swedish SAS is 561 (equivalent to an IQ of 109), which is the equivalent of a 5.6 year 

advantage in school attendance over Belize’s SAS of 327 (equivalent to an IQ of 74). And 

these school year gaps are based on optimistically assessed average growth rates of 42 SAS 

point gains and 5 points in IQ as a result of one school year, rendering them generous 

estimates of international education gaps, as other analyses have documented annual 

growth rates accompanying each pure (age-growth-corrected) year of school attainment 

from anywhere between 2.5–5.0 (rarely up to 6.0) IQ points for every year of schooling in 

modern school systems. 

Because 4th graders are too young for their cognitive competence to differ by 5 

years of schooling (solely as a consequence of differing amounts of schooling) there must 

be other sources of transnational competence differences.1 Even within developed 

countries, students in the same grade differ enormously from each other for reasons that go 

beyond the number of years of schooling. For example, the top 4th graders in America 

perform 3–4 years ahead of their average 4th grade classmates on the Iowa Test of Basic 

Skills, whereas the bottom 4th graders lag 3 years behind their peers (Gagné, 2005). 

Similarly, the lowest-ranked 5th graders (Iowa Test of Basic Skills standard score of 140) 

are below the mean 1st graders (standard score of 150), whereas, by contrast, the top-

ranked 5th graders (standard score of 309) achieve at least as well as the top 10% of 9th 

graders (standard score of 306). Thus, the large domestic and transnational achievement 

gaps of approximately 5 to 10 years of learning may be the result of additional factors—one 

of which is the amount of schooling, as we will show below.  
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POSSIBLE CAUSES FOR ABILITY DIFFERENCES AT THE MACROSOCIAL 

LEVEL 

Six different paradigms have been invoked to explain differences at the international 

level: culture, genes, wealth, politics, geography, and education. Here, we briefly describe 

the basic outlines of the evidence supporting the role of each. 

Culture 

Culture, including religious beliefs, forms an important background factor for 

education in families and schools, which in turn leads to differences in cognitive 

competence (e.g., Guiso, Sapienza, & Zingales, 2006; Rindermann, 2008c; Weber, 

1905/2001). Cognitively stimulating education, rationality in thinking and everyday 

behavior, reading, diligence, and thinking oriented toward reasonable standards (vs. rote 

learning, authoritarianism, and traditionalism) are differentially supported by various 

cultures. Culture has also been shown to work indirectly through education and societal 

formation to influence cognitive competence. For example, Guiso, Monte, Sapienza, and 

Zingales (2008) report enormous transnational sex differences in 15-year-olds’ 

mathematics scores on the PISA, ranging from a mean advantage of 22.6 points for males 

to a mean advantage of 14.5 points for females (the latter in Iceland). They demonstrate 

that cultures that value egalitarianism exhibit narrower sex differences in cognitive 

competence that are independent of genetic influences. Ceci, Williams, and Barnett (2009) 

provide a model of contextual sources of influence on math and science achievement, 

including transnational differences in egalitarianism and familial encouragement of 

achievement by females. Finally, not only is cognitive competence influenced by culture, 

but the reverse is true: Culture and its development are affected by cognitive ability (e.g., 

Oesterdiekhoff, 2008). 

Genes 
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Individual differences in cognitive abilities depend not only on environmental 

factors, but, in terms of explained variance, they depend even more on genetic factors—a 

view endorsed by researchers across the nature–nurture continuum (Johnson et al., 2007; 

Neisser et al., 1996; Plomin, Kennedy, & Craig, 2006). However, moving from genetic 

accounts of individual differences to genetic accounts of group/ethnic differences, the idea 

that genes are a causal factor for cognitive differences is a highly controversial hypothesis 

(see criticism by Sternberg, 2005). And even if there may be some evidence for genetic 

influences on the group level (Rushton, Bons, Vernon, & Cvorovic, 2007), this does not 

mean that environmental factors are unimportant, nor does it imply that intervention would 

be ineffective (Wahlsten, 1997). There is ample evidence that environmental factors matter 

a great deal at the country level: Large alterations in cognitive ability that cannot be 

explained by genetic factors have been documented during the 20th century (Flynn, 2007). 

In addition, there are parallels in the secular rise of education and intelligence test results 

(e.g., 3 IQ point gain per decade upon the onset of a new norm), as well as Piagetian tests 

of formal operational reasoning (Flieller, 1999), giving further indirect evidence of the 

importance of education. Until now, no evidence for specific genes exists (e.g., results on 

microcephalin and abnormal spindle-like microcephaly are disappointing; Rushton, 

Vernon, & Bons, 2007; Woods et al., 2006), and although a few alleles have been 

associated with mental retardation, no allele has yet been tied to high IQ. In addition, the 

causal path from genes to school achievement (e.g., through mental speed; Rindermann & 

Neubauer, 2000) remains hypothetical. Therefore, it is not possible to work with genetic 

factors at the national data level. But human evolution is an ongoing process, and genetic 

identity between different peoples and populations is improbable (Meisenberg, 2008). 

However, if specific genes that control cognitive development are identified, it is likely that 

they will work through education and the creation of stimulating environments. There also 
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could be indirect genetic effects (e.g., from genes for lactose or fatty acid metabolism; 

Caspi et al., 2007), which would suggest that “brain” genes are not necessary. Finally, 

culture and intelligence could have reverse effects on genes, as seen in consanguineous 

marriages (inbreeding depression in intelligence; e.g., Woodley, 2009). 

Wealth 

One popular explanation of cognitive differences invokes wealth differences 

between nations that are assumed to result from external, passively incurred factors (terms 

of trade, history of colonialism). Wealth improves cognitive abilities mainly through better 

nutrition and better health service (e.g., Behrman et al., 2006; Lynn, 1990). But national 

wealth depends more on intelligence than vice versa (cross-lagged design: Rindermann, 

2008b). The best example for pure effects of wealth are seen in countries that benefited 

from passively gained wealth (e.g., through oil resources in the Arab world). For instance, 

in PIRLS 2001 (reading literacy of 4th graders), oil-rich Kuwait reached 396 points; 

whereas European countries averaged 500 and even poor countries such as Morocco and 

Iran averaged 350 and 414 points, respectively. The Kuwait result is too low for the 

confirmation of the wealth hypothesis. The same is true for TIMSS 2003 (mean of 

mathematics and science in 8th grade): Students in wealthy Saudi Arabia (SAS = 365) and 

Bahrain (SAS = 420) were not notably superior to those from poor Morocco (SAS = 392), 

Tunisia (SAS = 407), Palestine (SAS = 413), Lebanon (SAS = 413), Iran (SAS = 432), or 

Jordan (SAS = 450). Pupils in the richest countries of the world had lower or similar results 

than did pupils from similar cultural backgrounds but poorer economies because of the 

absence of extensive mineral resources relative to a small population. Wealth effects seem 

to be more important indirectly through the distribution of wealth within a country, leading 

to the next possible determinant: politics.  

Politics 



Educational policy and cognitive competences 12 

 

Political factors form an important but heterogeneous category ranging from 

possible effects of democracy, war, rule of law, meritocracy, and political liberty 

(Rindermann, 2008c) to historical dependence theories linked to wealth (wealth differences 

caused by exploitation and asymmetrical political power). Longitudinal studies using cross-

lagged designs and controlling for wealth have shown stronger effects of education and 

cognitive ability on politics than vice versa, but the idea that rule of law as an institution 

enables a higher meritorious level seems to further competence development. Also the 

effects of “government quality” or “government effectiveness,” which likely work through 

education and wealth, have not been extensively researched to date. 

Geography 

Geographical theories are linked to genetic–evolutionary theories or to cultural, 

wealth, and political theories, but one has a special meaning of its own: According to 

Montesquieu (1748/1989), heat should hamper strenuous thinking efforts. But examples 

such as Australia; Singapore; missing links within tropical countries between lowland and 

highland regions; or even the old advanced civilizations in Mesopotamia, Egypt, Mexico, 

India, and Indochina show that this climate theory could have no large historic-explanatory 

value. Neighbor effects seem to be more important : Cultures, countries, and people learn 

more often from their near and related neighbors than they do from those living in regions 

far away. They adapt their customs and they benefit from their neighbors’ progress in 

education and wealth by imitation , by migration, through investments, or by melding their 

cultures and peoples. 

Education 

Finally, previous research at the individual and national level has shown a strong 

correlation between education and cognitive abilities. Mean to high correlations (r ≈ .50–

.90) have been reported between length of schooling and psychometric intelligence (Ceci, 
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1991; Ceci & Williams, 1997), and numerous quasi-experimental studies have 

demonstrated that abilities depend on both the quantity and quality of education (Armor, 

2003; Barber, 2005; Ceci, 1991; Luria, 1976; Winship & Korenman, 1997). Not only is 

education an important source of within-country cognitive competence differences, it is 

probably also an important source of between-country differences. Although evidence for 

the importance of education on cognitive development does not rule out the importance of 

noneducational factors (culture, genes, wealth, politics, and geography) as determinants of 

cognitive development and reciprocal causation (Rindermann, 2008b, 2008c), a focus on 

education allows researchers to formulate suggestions for the improvement of educational 

policy with the confidence that they will result in higher cognitive competences that 

ultimately will contribute to increased wealth, democratization, and better health for 

society. 

METHODOLOGICAL PROBLEMS OF RESEARCH ON NATIONAL 

DIFFERENCES IN COGNITIVE COMPETENCES 

Despite well-documented, huge intercountry differences in cognitive ability, there 

are few systematic analyses of the causes of these differences and their relationships to 

attributes of national educational systems—themselves under the control of important 

background variables. There could be several reasons for this lacuna. One probably has to 

do with political and strategic considerations due to the sensitive nature of intelligence 

differences between peoples and nations (e.g., Hunt & Carlson, 2007). Researchers may 

fear labeling and stereotyping people or countries (e.g., students from Singapore viewed as 

gifted; students from Peru or Saudi Arabia labeled deficient). Or, conversely, researchers 

may fear being labeled as archconservatives (or worse). Sometimes the existence of 

cognitive competence differences between nations is denied despite contradictory empirical 



Educational policy and cognitive competences 14 

 

evidence (see examples described by Ceci & Williams, 2009, or Hunt & Wittmann, 2008) 

or, alternately, the issue fails to arise because research groups employ terms like literacy 

that camouflage their link to cognitive ability and intelligence (Gottfredson, 2002). We 

sympathize with all of these worries but note that the existence of national differences in 

cognitive competence says nothing about their cause being rooted in genetics as opposed to 

schooling, wealth, early nutrition, or other similar factors, nor does it say anything about its 

malleability (Ceci, Williams, & Barnett, 2009). 

However, even within the scientific frame for studies of transnational ability 

differences, there are serious research problems that must be addressed before attributing 

educational differences to ability differences. We briefly list these below before reporting 

the results of recent transnational analyses that were undertaken to surmount these 

limitations. 

Within-Country Heterogeneity 

Large differences between countries do not imply within country homogeneity. In 

all countries, there exist large internal variances, and in all aggregated analyses (e.g., 

classes or schools) the larger part of variance lies within rather than between countries, 

leading to large overlaps of distributions between different countries. And the analysis of 

within-country variances (e.g., why variances in some countries are larger than in others; 

Ammermüller, 2007) is an important research topic in its own right. Nevertheless, the 

general competence level of a country seems to be of major importance for its economic, 

political, and social development—neglecting it would preclude opportunities for 

enhancing its development. 

Representativeness of Country Samples 

In student assessment studies, countries with lower developmental levels do not 

participate as often as those with higher levels, and this could result in distorted estimations 
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of the impact of education on national development. Therefore, the aggregation of data 

from different studies in as many countries as possible is desirable, a goal we strove to meet 

in these analyses. 

Representativeness of Youth Samples Within Countries 

Youth participation in assessment studies depends on school attendance, cognitive 

abilities, and further variables such as educational level of parents, discipline, and in some 

countries, gender (Wuttke, 2007). Large differences exist between studies and survey years 

in rates of school attendance, gender make-up, etc. These problems are even more 

pronounced in data from psychometric intelligence tests (e.g., Hunt & Carlson, 2007). To 

insure comparability across studies, it is valuable to use statistical corrections.  

Age Comparability 

Students in different countries could have different ages in grade-level studies, 

sometimes differing by several years within the same grade (TIMSS and PIRLS). 

Corrections are desirable to minimize this problem. 

Ecological Fallacy  

Variables at the macro level could have a different meaning than they have at the 

individual and school levels, and the causal relations could be different from those 

operating at the latter levels (Snijders & Bosker, 1999). Relationships found at one level 

cannot be transferred to other levels without additional careful controls: Variable checks; 

stability tests in different samples of studies, countries, construct operationalizations, and 

data levels; and the use of partialing techniques to control background variables are 

necessary. Personality self-assessments are particularly problematic, as they may be 

incomparable across nations (Leung & Bond, 1989; Schmitt, Allik, McCrae, & Benet-

Martinez, 2007), thus rendering them ill-suited in cross-cultural comparisons. 

Causality 
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Making causal attributions is always a potential problem in nonexperimental 

research (e.g., Rutter, 2007). At the macro level, true experiments are not feasible—

researchers cannot systematically map genotypes on environments to determine whether 

babies reared and schooled in Finland differ from those with comparable genes in Saudi 

Arabia, Peru, and Singapore. And even if this could be accomplished, there would still be 

dozens to hundreds of environmental variables that would be confounded. Only 

nonexperimental, correlational studies are possible, which logically means that when an 

association between two variables (A and B) is observed, six possible explanations are 

conceivable: (a) A influences B, (b) B influences A, (c) the relationship between A and B is 

reciprocal (combination of a and b), (d) A and B are together influenced by a third variable 

(C), (e) a combination of the previous four explanations (e.g., A influences B and B 

influences A and C influences A and B), or finally (f) the correlation between A and B is 

(partly or entirely) spurious (the result of errors in definitions, measurement, or data 

aggregation). In addition, further variables can influence only A or only B but may have no 

effect on the relationship between A and B. One should not forget that historical processes 

can change relationships—there are perhaps different influences today than in the past, due 

to changes in the types and content of cultural and social practices relevant for education 

and competence development. (For instance, German Protestantism, which until the 1950s 

had been severe and strict with a stress on education and discipline, is today predominantly 

liberal with less emphasis on educational diligence and high aspirations.) 

Fortunately, tools exist for dealing with these methodological problems. Important 

social background factors such as wealth, educational level of adults, social modernity, or 

democracy can be partialed out when analyzing relationships between educational and 

competence variables (a more illustrative but less systematic method would be conducting 

analyses solely within First, Second, or Third World countries). Of course, there remain 
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many traps to ensnare researchers. For example, if wealth and cognitive competence both 

depend on educational attributes, partialing out wealth will underestimate the true variance 

between education system attributes and ability. For this reason, path models including 

social variables as additional factors and analyzing the interdependence within educational 

factors and stability checks of coefficients across different data levels and studies are 

preferable approaches, and we report them here. Finally, cross-lagged analyses of 

longitudinal designs testing for reciprocal causation as well as case studies and qualitative 

comparisons (e.g., OECD, 2004, 2005) are useful supplements to quantitative analyses. 

For cross-lagged analyses, the time interval between first and last student 

assessment studies should be at least 15 to 20 years and preferably even 30 years, which 

renders the current data sets nonoptimal. In an attempt to compile the most representative 

data sample and to reduce study-specific errors, we aggregated results from different 

studies and data sets using corrections. The resultant synthesized large data corpuses pertain 

to over 90% of the world’s economies. Our analyses of subgroups of studies (e.g., grade-

level in PIRLS and TIMSS vs. age-level in PISA) enable a check on the stability of results 

in different country and study samples. The comparison of outcomes stemming from 

different data levels and further research approaches and authors provide a check on the 

generalizability of results. 

METHOD 

We undertook correlational and regression analyses using four categories of 

variables: cognitive competence measures, educational level of societies, attributes of 

educational systems, and attributes of societies themselves. As a preliminary step, we 

summed different indicators of a given construct for each country to increase the reliability 

of measurement and to increase the representativeness and size of country samples. Due to 
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the extensive data sets employed, it was possible to represent countries at all levels of 

cultural, social, and economic development. 

Data 

Cognitive competence measures were derived from several large-scale, 

transnational student assessment studies and intelligence test meta-analyses. We used four 

sum values in our analyses: (a) a sum of all studies after standardizations and corrections 

have been made (see Rindermann, 2007b, 2008b), (b) a sum of student assessments from 

1991–2003 (uncorrected), (c) a sum of grade-level oriented student assessment studies 

(TIMSS and PIRLS), and (d) a sum of age-level oriented student assessment studies 

(PISA). All single cognitive competence studies have serious flaws (e.g., representativity, 

age, or grade level comparability), but statistical analyses show very high correlations and 

an extremely strong g factor (94% to 95% variance explained by the first unrotated factor, 

all loadings λ > .90) that remain strong after partialing out GDP and making adjustments 

for participation rates, age differences, and measurement quality to increase the validity of 

data (Rindermann, 2007a, 2007b). A further advantage of this technique is to allow 

international analyses that include all regions and developmental stages of countries, 

especially those countries that do not participate in conventional student assessment studies, 

like Pakistan or India. 

Two background attributes of societies were used: (a) 2003 GDP (per capita, 

purchasing power parity; United Nations Development Programme, 2005), and (b) an 

assessment of the country’s modernity from 1995 to 2003 (social, political, and cultural 

modernity; Rindermann & Meisenberg, 2009).  

The general educational level of society was estimated in two ways: (a) a sum of the 

rate of literate adults from 1991, the rate of people between the ages of 12 to 19 years old 
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from 1960 to 1985 who graduated secondary school, and years of school attendance of 

persons 25 years or older from 1990 to 2000 (Rindermann, 2007b), and (b) the education 

index for 2003 (a sum of the adult literacy rate and combined gross enrollment ratio for 

primary, secondary, and tertiary schools; United Nations Development Programme, 2005).  

Sixteen attributes of educational systems, schools, and students (1991–2003) that 

have been associated with student outcomes in prior studies were entered (without 

corrections) into our analyses (for a more detailed description see Appendix or 

Rindermann, 2008a): (a) percentage of students who attended kindergarten or preschool for 

at least 1 year; (b) age of enrollment at school (typical entry age and actual entry age; 

statistically inverted to young age); (c) expenditures for education per pupil; (d) official 

amount of instruction per year at the main school (excluding instruction at additional so-

called “cram” schools, described later); (e) amount of education for youth throughout their 

educational career, including amount of instruction per year, students attending high grades 

at a young age (age of enrollment included), and students attending additional schools 

(cram schools); (f) age of initial tracking between schools (statistically inverted to young 

age)—the information given by OECD/PISA was corrected for some countries; (g) 

percentage of migrants in schools; (h) large class sizes and high pupil–teacher ratios; (i) grade 

retention rates; (j) discipline as well as school-appropriate behavior of students (e.g., low 

rates of absenteeism, tardiness, disruption in class); (k) amount of direct instruction 

(lecture-style presentation by teacher); (l) use of standardized achievement tests; (m) use of 

central exams and objective tests by schools and universities; (n) reading interest (students 

who reported reading for enjoyment); (o) amount of time students spent on homework after 

school; (p) school-education quality, which is an aggregate including all variables of 

student age with theoretical and empirical support for impact on cognitive competences, 

such as kindergarten, amount of instruction, tracking at a young age, use of achievement 
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tests, use of central exams, discipline, small class sizes/high teacher–pupil ratios, attendance 

of additional schools, and attendance of high grades at a young age (age of enrollment 

included)—these last two variables are subvariables of amount of education. Results are 

presented in the Appendix (Table A1). 

Statistical Methods 

Our analytic approach entailed four steps. First, we calculated correlations across 

countries between student competences and the different measures of educational systems 

at the national data level. Different competence measures were employed not only in 

different studies with different measurement methods, but also with different country 

samples. Across different samples and studies, stable (replicable) positive or negative 

correlations could be interpreted. These correlations could be compared with correlations 

between various educational factors and wealth (GDP), as well as to correlations between 

measures of general (adult) educational level and abilities. Second, to take into account the 

impact of variation in wealth, general educational level of society and cultural modernity, 

we statistically partialed out these three background variables from the relationships 

between attributes of educational systems, their students, and cognitive competences. Third, 

path analyses were done with LISREL 8.8 (Fig. 2) and Mplus 5.2 (Fig. 3) to estimate direct 

and indirect effects of education on competence controlled for GDP and to analyze 

relationships between different educational variables. Fourth, we compared the influence of 

general educational level of society and a sum of attributes of educational systems and their 

students.  
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RELATIONSHIPS BETWEEN EDUCATIONAL SYSTEMS AND COMPETENCES 

To begin with, there are very high and robust correlations between the national 

percentages of children attending kindergarten and subsequent cognitive competences. 

These high correlations remained robust when we analyzed data across different studies, 

employing different measurement methods and country samples and giving confidence to 

their validity. Even after GDP, societal educational level, and modernity were statistically 

taken into account, the positive correlations remained strong (see Table 1). As can be seen, 

the correlations are higher with cognitive competence indicators than with wealth. Taken 

together, the results indicate that the availability of institutionalized preschool education is 

essential for understanding competence differences between countries. Furthermore, 

preschool education provides a basis for successful ability development in subsequent 

school years. Competence development is an hierarchical process; school increases are built 

on foundations that are laid down in preschool. This interpretation is consistent with 

analyses based on individual-level and within-country data (Barnett, 1998; Cunha, 

Heckman, Lochner, & Masterov, 2006; Heckman, 2000). In these analyses, it was also 

apparent that preschool education has beneficial effects on later school attendance like 

earlier school enrollment, more school-appropriate behavior in subsequent years 

(attendance, reduced discipline problems), and less frequent grade retention. In path 

analyses at the national data level (N = 39 mainly developed countries, data for all 

variables, age orientated PISA data used; see Fig. 2), we found the same pattern of 

kindergarten effects for earlier school attendance (β = .22) and student discipline (β = .59). 

Kindergarten attendance rates continue to have a positive direct impact on cognitive 

competence (β = .11), but indirect effects through discipline and early school enrollment 

are higher (β = .19). The effect of wealth is clearly smaller (β = .13) than that of education. 
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Education also has an effect on wealth formation (β = .31) driven by discipline, which 

represents conscientious and diligent working behavior of students in their later adult life. 

Weaker and less robust relationships were observed for the school enrollment in 

young age variable, which indexes the child’s age at entry to school. We expected a 

positive impact because earlier enrollment increases the amount of experienced 

institutionalized learning time for students at a given age and because in humans can learn 

more at a younger age (sensible phase) than they can when they’re older (Heckman, 2000). 

Lower-than-expected and unstable correlations could be due to the custom in some studies 

to report only the typical school entry age rather than the actual school entry age. More 

important, high preschool attendance rates (at a preschool with an educational curriculum) 

could compensate for late school onset. In addition, the advantages of early school 

enrollment are masked in grade-level studies. With the age-relevant PISA data, the 

correlation with cognitive competence is higher than that found with grade-level analyses 

(rs = .21 and .12, respectively), and in a correlation partialing out kindergarten attendance 

(which increases the level of early school enrollments; see Fig. 2, β = .22), school 

enrollment at a young age still shows a positive correlation (rp = .14, N = 42 countries with 

PISA data). At the individual level, the gains of enrollment 1 year earlier are approximately 

d = 0.28 (Stelzl et al., 1995), resulting in a modest correlation with psychometric 

intelligence for 10-year-old students (r = .17). 

As can be seen in Table 1, expenditures for education are highly correlated with 

both cognitive competences across nations and with GDP. However, with GDP and other 

background variables partialed out, these correlations hover around zero or are negative. 

Wößmann (2001) also found no relevance of relative educational spending at the 

international data level in his multi-level analyses. But the conclusion that expenditures are 

irrelevant may be misleading. Studies at the national level show that school buildings in 
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disrepair, lack of books, low teacher salaries, and mandatory high parental spending in 

developing countries (e.g., for books, school uniforms, or transport) are detrimental for 

school attendance and thus for ability development (Glewwe & Kremer, 2006). A minimum 

level of sensible spending is necessary. 

The analyses reveal that the amount of instruction at the main school is positively 

correlated with cognitive competences (although not highly). The possible reason for this 

rather low result, however, is that official instructional time is less important than the sum 

of instructional hours of learning. This includes instruction at so-called cram schools in 

some countries. At the individual level, the amount of instruction per year is more clearly 

associated with competence growth (Ceci, 1991). A number of microanalyses of teaching 

has demonstrated that the number of on-topic instructional minutes during the school year 

is a significant predictor of domain-specific achievement. 

Additional (after-school) instruction at cram schools is included in the amount of 

education variable. The correlations with cognitive abilities are higher and more stable after 

the background variables are partialed out than they are for the amount of instruction 

variable. The bottom line of these extensive transnational analyses is that the more formal 

education that pupils receive and the younger they are when they begin to receive it, the 

higher their cognitive competence levels are. Although this makes intuitive sense, it is often 

the case that what seems obvious ends up lacking empirical support. 

One of the most complicated variables concerns differences between schools’ age of 

tracking: This is because of three caveats: (a) in international data sets, only formal tracking 

is reported, not informal tracking between public and private schools and along residential 

areas; (b) streaming within schools is not measured in these data sets, but competence level 

and homogeneity in school is less relevant for instruction and teachers than it is within 

class; and (c) there is incorrect or ambiguous information in the data sets about tracking age 
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that must be corrected before one can validly assess the impact of this variable. Having 

stated these three caveats, the reported and corrected data for the formal tracking variable 

show an unambiguous result: Early tracking is associated with better results in cognitive 

competence across different ability measures and country samples, and this effect remains 

statistically reliable after controlling a host of background variables. These correlations are 

usually higher than those observed with GDP. In a path model (Fig. 3, using Full 

Information Maximum Likelihood, estimated correlations are not identical with observed 

ones), the direct and indirect effects through discipline and central exams (both of which 

appear to be higher and more frequent in systems with earlier tracking) are, together, larger 

than the effects of GDP (βet = .14 and .10, sum = .24, βGDP = .16). However, a deleterious 

effect of late onset tracking can be overcome: For example, cross-country analysis of 

competence growth between primary and secondary schools (Hanushek & Wößmann, 

2006) and single country observations both reveal that the systems with later tracking (e.g., 

Finland) can also be very successful under favorable conditions involving social 

homogeneity and high esteem for education (OECD, 2005).  

Other findings related to tracking are ambiguous. All researchers at the national 

level doing analyses on competence heterogeneity within countries (Ammermüller, 2007a; 

Dupriez & Dumay, 2006; Hanushek & Wößmann, 2006; OECD, 2005) have shown that 

early tracking increases the variance and the dependability of competence levels on parental 

attributes within countries. At the individual level, ability grouping is clearly beneficial for 

high achievers (e.g., Rogers, 2007) and usually for the mean achieving group (Woolfolk, 

2007). And because the majority of students belong to the high or mean achievers, the age 

group as a whole benefits from ability grouping.  

One surprising finding is the pattern of results associated with immigration: Overall, 

the correlations are more positive than negative, higher competence is associated with a 
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greater proportion of immigrants. But the correlations between immigrant rates and GDP 

are also highly positive, which helps explain what is otherwise a counterintuitive finding. 

However, because migrants are generally more attracted to wealthy countries (high 

correlation between immigration and the destination country’s GDP), their influence is 

masked in cross-country analyses by the student competence levels of native students in 

these high GDP countries who tend to do very well. Within North, Middle, and Western 

Europe, which have been the most frequent immigrant destinations in Europe since the 

1950s, the means for immigrants by themselves are unequivocally worse than they are for 

nonimmigrants, which is in contrast to other countries such as Australia (see also OECD, 

2006). And within immigrant groups in Western countries, there are large differences in 

educational success, student assessment scores, and intelligence tests scores, which 

correspond to the levels observed in their countries of origin. Because their scores resemble 

those from their countries of origin or those of emigrants from the same country in other 

host countries, there is some concern that these scores could increase only slightly or even 

persist for immigrant groups for generations to come (Boe & Shin, 2005; Levels, Dronkers 

& Kraaykamp, 2008; te Nijenhuis, de Jong, Evers, & van der Flier, 2004; Vinogradov & 

Kolvereid, 2007). Thus, it is not immigration per se or being a speaker of a minority 

language that appears to be important in the formation of cognitive ability at home and at 

school, but rather hailing from a country that holds an affinity for education and the 

associated academic values (Guiso et al., 2006, obtained similar results for other attributes 

such as attitudes). 

Although large class sizes and high pupil–teacher ratios are predominately negatively 

associated with cognitive competence levels, East Asian countries are successful in spite of 

large class sizes. Unlike developing countries, East Asian students are able to compensate 

for the possible disadvantages of large classes through additional attendance at private 
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schools (or cram schools) and a high level of diligence, discipline, and attention at school. 

Common path analyses of class size and cram school attendance reveal that the availability 

of cram schools offsets the negative effects of large class sizes in an educational system: 

Large class size increases cram school attendance (β = .46, bivariate r = .60), cram schools 

have a positive impact on the results in assessment studies (β = .33, bivariate r = .24), and 

class size has a high negative impact on students’ cognitive competence (β = −.41). The 

regression coefficient (β = −.41) in this sample is higher than the correlation (suppressor 

effect, r = −.20, N = 26 countries; Rindermann, 2008a). However, class sizes of ≥50 are 

only observed in developing countries (Glewwe & Kremer, 2006), where the possibilities to 

offset these negative conditions of learning are not available. 

In within-country studies, an experimental study (STAR; Krueger, 1999) has shown 

a negative (positive) impact of larger (smaller) classes on student learning (d = −0.22, r = 

−.11 to −.14 with class size). However, the empirical evidence regarding other, 

nonexperimental studies is ambiguous (Ehrenberg, Brewer, Gamoran, & Willms, 2001). In 

larger classes, there is less interaction between single pupils and the teacher, tests and 

homework are less controlled (particularly if teaching load for teachers is constant), oral 

participation is lessened, and weak achievement and learning problems are less frequently 

diagnosed. In short, effective instruction in larger classes seems to be possible with higher 

ability students, but students at lower ability levels need smaller classes (Glewwe & 

Kremer, 2006; Krueger, 1999). Conversely, Konstantopoulos (2008) has shown that small 

classes actually widen the achievement gap between the 10th and 90th quantiles by 

increasing the variance in learning. Higher ability students are more able to take advantage 

of the teaching changes enacted by teachers in smaller classes, and they increase their 

advantage over lower ability students, though the latter also make gains in smaller classes. 
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Grade retention rates are generally negatively associated with student competences 

such that the more a school system retains students, the poorer they do on cognitive 

competence; however, the correlational pattern is unstable. Other studies have also not 

shown positive effects (for TIMSS, see Boe et al., 2001, p. 29, 51), and the effect is also 

negative in path models (β = −.12; Rindermann, 2008a). Overall, repeating a grade appears 

to be a less effective method of treating achievement problems in school and actually 

exacerbates poor learning (Morgan, 2005) in comparison with other interventions such as 

preschool attendance, additional instruction, or consultation with specialized teachers. 

At the individual and class levels, many studies have shown a positive impact of 

both discipline (school-appropriate behavior) and classroom management on competence 

development (e.g., Weinert, Schrader, & Helmke, 1989). Reanalyses of the large-scale 

studies come to the same conclusion (Fertig, 2003; Jürges & Schneider, 2004). Moving 

beyond the classroom, the positive impact of discipline is also striking at the national level. 

In countries and their schools where students follow the rules, where absenteeism and 

lateness are rare, and where students do not skip lessons or disrupt instruction, the students’ 

cognitive outcomes are good. In the two path analyses, the direct effects of such discipline 

on cognitive competence are positive (β = .24 and .13; see Figs. 2 and 3), and discipline has 

even larger effects on wealth (β = .31 and .16)—the sum effects on competence are 

remarkable (β = .28 and .16). Although such disciplinary aspects are also proxies for more 

fundamental factors that influence learning (and later, as adults join the work force, factors 

like a burgher lifestyle and a world view appreciating order, adjustment, and education), 

there is also a simpler mechanism: The extra time learning that accrues from steady 

attendance and uninterrupted lessons results in an increase in net learning time. This could 

lead to positive feedback loops between competence and school-appropriate behavior: 

Disciplined students become more cognitively competent, and more intelligent students 
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show more learning supportive behavior, both of which depend on parental and teacher 

behavior (Steinberg, Lamborn, Darling, Mounts, & Dornbusch, 1994) supported by a 

cultural background that promotes learning—a pattern stabilized and reestablished over 

generations. 

It has long been a tenet in educational psychology that active, direct, highly 

structured and time-saving instruction—not to be confused with rote learning or passive 

listening—is associated with positive learning outcomes (see Brophy & Good, 1986). The 

results of our analyses agree with previous research, as we found that direct instruction is, 

with two exceptions, positively associated with students’ cognitive competences. The 

exceptions are based on data from PISA, which places a higher demand on thinking and 

less on knowledge accrual than is true of most other data sets. Given that case studies from 

the leading countries in student learning outcomes (East Asia, Finland) also report 

extensive use of direct instruction, further research (especially at the classroom level) is 

necessary before we can confidently conclude that direct instruction facilitates at least 

knowledge accrual.  

Our results indicate that the use of achievement tests and central exit exams is a 

significant contributor to high test results (see Figure 3). One reason may be the test-

wiseness that comes with the use of high stakes tests, but a more important reason is the 

emphasis on achievement conveyed by the use of such tests, as well as the better 

information provided to educational stakeholders: teachers, students, parents, schools, 

universities, and employers. Objective assessments stimulate by this learning in advance of 

such tests, and, even more important, an emphasis on thinking and understanding tasks in 

these objective assessments that focus teaching and learning on high-level learning goals 

(and not simple rote learning). These conclusions are backed by studies using different data 

sources from those we employed here and are conducted within countries (Canada, 
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Germany) and between countries (Bishop, 1997; Fuchs & Wößmann, 2007; Jürges, 

Schneider, & Büchel, 2005).  

Our analyses of the reading-interest variable (the percentage of students who report 

reading for enjoyment) yielded a paradoxical result: The more students that report reading 

enjoyment in a country, the worse the results are! This pattern of outcomes is independent 

of studies and scales, year of study, and variables used as indicators for reading interest, as 

well as various social background variables. Much like Schmitt et al.’s (2007, p. 206) cross-

cultural comparison of the Big Five, we also found that personality self-assessments could 

not be used in macrosocial studies. The rating process depends largely on frames of 

reference and response sets that are specific to cultural norms. Future analyses of reading 

interest should employ more objective measures than the ones used in the large-scale data 

sets we analyzed, such as the number of books read and borrowed and the actual behavioral 

observations made by external raters (measuring reading time). 

We also found an astonishing result for the homework variable: The higher the 

mean time spent on homework per country, the lower the cognitive competence results are. 

Boe et al. (2001, p. 17, 26, 39, 48) found a similar pattern at the national level. The 

correlations are not very high and not very stable (partial correlations). But the macrosocial 

level result is contrary to the positive relationships between homework and achievement 

found in all within-country analyses: within the U.S. (Coleman, Hoffer, & Kilgore, 1982), 

in a meta-analyses at the individual level (Fraser, Walberg, Welch, & Hattie, 1987, p. 157), 

and in a reanalysis of TIMSS mathematics data for different countries belonging to the 

OECD (Jürges & Schneider, 2004, p. 365, 368). Thus, all older and newer studies within-

nations converge in finding positive associations between cognitive ability and homework. 

The homework variable seems to have different meanings depending on the data level. 

Therefore, thoughtless extrapolations from relationships involving the homework variable 
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in cross-country studies to relationships at the individual or within-country level would be 

hazardous, risking the creation of an ecological fallacy: At the individual level, the 

homework variable refers to time spent on homework, which not only increases learning 

time and therefore has a positive impact on cognitive growth, it depends also on the 

educational quality (including parental educational attainment) in families, on discipline, 

and probably on unknown genetic factors. In contrast, at the national level and in 

comparison of educational systems, the same variable is a proxy for institutionalized 

(negative) educational quality: Good school systems try to increase institutionalized 

learning time (i.e., instruction and care during the school day) rather than delegate 

instruction and learning to home and parents. Unsurprisingly, in cross-country analyses, the 

correlation between time spent on homework and the amount of instruction time is negative 

(r = −.32, N = 35 countries), as it is between homework and amount of institutionalized 

student education (r = −.20, N = 35 countries). Because of this, the practical implications 

are different for parents and teachers versus politicians: Parents should foster homework 

done conscientiously by their children, and teachers should use or even increase homework 

(though there could be negative side effects on valuable leisure time activities of children). 

Politicians and educational policymakers, by contrast, should strive to reduce homework by 

making it superfluous through the extension of professionally coached learning time in 

schools. One reviewer mentioned that people from East Asian countries are extremely 

diligent. That is true, but the data from their countries of origin (see Table A1) reveals that 

they are mainly diligent within institutions of schools and cram schools. In Western 

countries where cram schools are uncommon, they are diligent when working at home.  

Our school-education-quality variable is an aggregate of educational variables (of 

students) that have been shown to be significant predictors, including kindergarten, amount 

of instruction, tracking at a young age, use of achievement tests, use of central exams, 
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discipline, high teacher–pupil ratios, attendance of additional schools, and attendance of high 

grades at a young age.2 

Countries with at least one value in these different variables have one value in the 

school-education-quality variable. For many developing countries the validity of this 

variable is low (e.g., for Saudi Arabia), as we have only scarce information about some 

school quality variables (for the distribution of values for this variable, please see Fig. 4). 

The correlation between school quality and cognitive competences is high, but with 

one exception, it is always lower than the correlations with cognitive competence that are 

derived using the general educational level variables (educational level of society as listed 

in the 2003 Education Index from the United Nations Development Programme’s 2005 

Human Developmental Report; see Fig. 5). The general educational level refers to the 

educational level of adults in a country; it is more important than all single or summed 

characteristics of school systems. In some ways, this is the most surprising result in the 

hundreds of analyses we conducted. Even when educational level is examined in reduced 

country samples, it emerges as a more important predictor of cognitive competence of 

students than the best combination of school inputs (see path model in Fig. 6). The societal 

level of adult educational attainment appears to drive students’ cognitive competence more than 

any other variable so far identified, resulting in students from societies with high levels of 

education surpassing those from societies with lower levels of education, even when the latter 

have superior teacher–pupil ratios and expenditures. 

EDUCATIONAL POLICY IMPLICATIONS 

Distilling the many hundreds of findings from our analyses and integrating them 

with the results of other studies into a coherent “bottom line” presents a challenge. As 

daunting a task as this is, there are nevertheless some consistently observed findings in 
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transnational differences in cognitive competence that can be attributed to differences in 

national educational systems and adult educational levels. Cognitive competence 

(intelligence and important knowledge and its reasonable use) appears to be as malleable 

for societies as it is for individuals. Across the several analyses that we conducted, six 

important predictors of national competence emerge: (a) the general educational levels of 

adults, (b) kindergarten attendance, (c) discipline (school-appropriate behavior), (d) amount 

of education of students in given age (including the amount of instruction per year, 

attendance at additional schools, and attendance of high grades at a young age), (e) use of 

high stakes exit tests and central objective exams, and (f) early tracking. In addition, some 

evidence also points to beneficial effects of early school enrollment, small classes 

(including high teacher–pupil ratio), direct instruction, and a low rate of grade retention. In 

contrast, the relevance of educational expenditures is complex, because although 

expenditures are relevant in general, their impact is no higher than would be expected based 

on GDP (above-average expenditures are not beneficial, and, as noted, PISA scores have 

been flat since 2000 despite a 39% increase in inflation-controlled educational 

expenditures). 

Theoretically, these variables stand for increased gross and net learning time 

(kindergarten, discipline, amount of education, use of high stakes tests, early school 

enrollment); a higher quality and cognitively stimulating environment in society, families, 

and schools (general educational level, small classes, no grade retention, learning by 

instruction at school rather than private learning via homework); positive valuation of 

learning and achievement and its public communication in culture, society, and school (use 

of high stakes tests, early tracking, discipline); and for effects of accurate information in 

instruction (direct instruction by teachers) and in the educational system (central objective 

exams).  
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In the past decade, there has been a convergence of research findings from 

developmental psychology, cognitive neuroscience, and economics that point to the 

potency of the early environment for cognitive development. Central to this discovery are 

the findings that early experiences form a uniquely powerful influence on the development 

of cognitive and social skills and on both brain organization and neurochemistry, because 

the potential to change neural circuitry, and hence behavioral development, decreases over 

the school years and beyond. These results strongly suggest that the most effective way to 

enhance future GDPs (Knudsen, Heckman, Cameron, & Shonkoff, 2006) and to support 

democratization, and improve citizens’ quality of life is to invest in the early education of 

nations. Several researchers have recently argued, on the basis of individual-level and 

within-country analyses of U.S. early childhood programs, that preschool education 

provides a basis for successful ability development in subsequent school years (Barnett, 

1998; Cunha et al., 2006; Heckman, 2000). The present analysis sheds light on the 

mechanisms that may be responsible for this effect. The current results reveal that 

institutionalized preschool availability is associated with subsequent cognitive skill 

development, mediated by its beneficial effect on earlier school attendance, more school-

appropriate behavior in subsequent years (e.g., reduced discipline problems), and less 

frequent grade retention. Thus, preschool attendance probably drives later positive 

outcomes via social routes as much as cognitive routes. 

Having established these connections between transnational ability differences and 

aspects of the educational system, there are many remaining questions, such as whether the 

quality of kindergarten is more or less relevant than its mere availability, the latter of which 

was used in the present analysis. A complete understanding of ability differences will 

benefit from the availability of known background variables, including culture (the 

meaning of educational attributes could vary between cultures), and unknown variables like 
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genetic differences, as well as through research about interactions between them and 

education and cognitive ability. Studies at the macrosocial level are not new in research on 

educational questions (e.g., Bishop, 1997; Boe et al., 2001; Hanushek & Wößmann, 2006; 

Jürges, Schneider, & Büchel, 2005), but confirmatory analyses based on regional 

subsamples and within countries can be expected to add confidence to the present results. 

One consistent and optimistic finding is that many single school system factors can 

be offset by others. For example,, it is possible to compensate for the negative impact of 

late school enrollment in countries in which kindergarten education reaches broad sections 

of an age cohort. Similarly, tracking is not necessary to achieve high competence in 

countries in which at-risk students are supported by special teachers, additional instruction 

at regular school or cram schools, or strategies that preempt student failure through strong 

support from early childhood on by a social and parental culture of effort, such as in East 

Asia, and by an immigration policy oriented towards high ability and proeducation values 

(e.g., first-generation immigrants into countries like Israel, Canada, and Australia reach or 

even exceed the mean performance of native-born students). Finally, the disadvantages of 

late tracking can be offset if all parties concerned in a school system—students, parents, 

teachers, and directors—anticipate a later objective exit exam measuring competence. In 

sum, the success of educational systems is not independent of the larger matrix of social 

and cultural conditions, and there appears to be several paths to achieving successful 

outcomes—a finding that should give policy makers both hope and flexibility. 

Given that cognitive competence levels have been linked to beneficial outcomes for 

both individuals (e.g., wealth and health) and societies (modernity, democratization, GDP, 

lower wage inequality), several suggestions for educational policy follow from our 

extensive analyses, and these are especially pertinent for countries at lower competence 

levels. Beginning in the preschool years, attending a kindergarten (with an academic 
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orientation) forms a significant basis of subsequent cognitive competence, and this proves 

to be even more important in countries where there is no widespread or obligatory early 

school enrollment. Educational and social policies that influence schools, teachers, and 

parents to engage in educationally supportive behaviors, such as urging children to attend 

school, do homework, and appreciate learning, can be expected to have positive payoffs 

independent of expenditures, class size, and the other variables we examined. But discipline 

can be two-edged: In addition to its salutary effect of student attention and work, discipline 

could be achieved in ways that solely result in subordination and adjustment causing a lack 

of independence, creativity, and independent thinking, thus stifling traits that are necessary 

for an active life as a responsible adult citizen and for successfully coping with the demands 

associated with modernity. School education not only aims to increase cognitive ability and 

knowledge, it also strives to support the entire development of a student’s personality. 

The results of the present and past analyses show that for school attendance to 

matter in the formation of cognitive competence, it has to be extensive in four ways: first, it 

must be extensive per year, including number of school days per year, number of lessons 

taught, and time spent on learning important knowledge and with cognitively stimulating 

problems; second, it needs to be extensive per person (attainment of at least 10 years, and 

more is better); third, a large percentage of an age cohort has to attend school; and fourth, it 

must be extensive in the sense that it leads to higher qualifications. 

Central and objective exit exams and high-stakes tests are associated with high 

ability scores, as they enhance the value of educational degrees, grades, and tracking 

decisions. But such exams could have also unintended negative effects if enacted in a 

certain context. First, if central and exit exams demand only low-level knowledge, they 

could increase cognitively unstimulating rote learning. Second, central exams could enlarge 

a private cram school sector, making educational results more a function of parental 
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attributes (e.g., the ability of paying fees for private cram schools). Finally, test preparation 

for high stakes central and exit exams could reduce valuable time in and outside school 

spent for discussions, music and art, athletics, social engagement, and personal freedom. 

Central and objective exit exams should therefore test less knowledge and more 

competences covering important curricular goals, and the acquisition of these competences 

should occur in regular schools. 

The impact of other variables is less clear because of unstable results in our own 

findings or because different results have been reported in different studies, such as the 

different results for tracking found in our analysis and past research. Thus, more research is 

needed to confirm the following suggestions, given their less reliable research basis. 

Tracking appears to be valuable when it is oriented toward competences measured by 

objective exams and not used to limit one’s final possible educational degree at a young 

age, as seen in systems that stream students into precollegiate or vocational tracks at a 

young age. One benefit of early tracking systems could be meeting the special educational 

needs of intellectually gifted students (Rindermann & Heller, 2005). But if high ability 

students are adequately challenged in nontracked school systems (e.g., by streamed classes 

within schools, by acceleration or skipping classes, by maintenance of ambitious learning 

goals for all students, or by enrichment courses), tracking between schools would not be 

necessary. Another benefit of early tracking could be a more adapted teaching behavior of 

instructors to the needs and competences of students. Finally, tracking coupled with 

objective assessments signifies to all persons involved in education, from students to 

parents and from teachers and administrators to politicians, that achievement is something 

valuable and important at school and at an early age. Effective teaching should include 

direct instruction in conjunction with other methods to stimulate students’ thinking and use 
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of knowledge. Smaller classes are necessary where additional support for learning outside 

school is not possible or should be avoided because it covaries with parental background.  

In closing, we note that notwithstanding the importance of analyzing transnational 

gaps in cognitive competence, the data contained in the large international data sets is far 

from perfect, with missing data, between-country irregularities in reporting, and systematic 

sampling biases. Factors that impact academic performance interact in complex ways and 

can operate somewhat differently in various educational systems and cultures. Studies of 

interactions between factors; case studies; studies at the individual, class, and school level; 

and between multilevel studies extend the present findings. Such studies might profitably 

explore putative negative side effects of some forms of education such as the loss of free 

time and creativity caused by too much time spent on learning that is alleged to have 

occurred in some East Asian countries. However, the best evidence so far shows strong 

relations between national ability differences and aspects of educational systems and 

citizens’ overall educational attainment. Hopefully, our analyses, coupled with those of 

others, will provide parents, teachers, and policymakers with a scientific basis to move 

away from some practices that impede competence development and toward others that 

support cognitive growth in its different forms and at different levels, resulting in beneficial 

individual and societal outcomes. 
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Fig 1. World map of scores from cognitive competence studies including estimations (N = 

194, corrected data). The darker the area, the higher the scores. Diagonal lines indicate that 

we found no information for the region. 

Fig. 2. Path analysis of kindergarten effects (N = 39 countries, CFI = 1.00, SRMR = .05), 

with standardized path coefficients, correlations in parentheses, and error as unexplained 

variance at the bottom right. 

Fig. 3. Path analysis of tracking effects (N = 58–78 countries, Full Information Maximum 

Likelihood, CFI=1.00, SRMR=.04), with standardized path coefficients and correlations in 

parentheses. The zero effect between educational level and central exams is included. 

Fig. 4. World map of the sum of school quality variables (N = 158). The darker the area, the higher 

the scores. Diagonal lines indicate that we found no information for the region. 
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Fig. 5. World map of the 2003 Education Index from the 2005 Human Developmental 

Report (N = 176).  The darker the area, the higher the scores. Diagonal lines indicate that there 

is no information for the region. 

Fig. 6. Regression analysis of the effects of cognitive competence level on educational level 

of society and school quality (N = 150), with standardized path coefficients, correlations in 

parentheses, and error term as unexplained variance on the right. 

 

/fn/1In addition, it is unknown whether students in developing countries show a competence 

increase of 42 SAS points or 5 IQ points for each school year completed, as this estimate 

was derived from data collected in developed nations. 

 

/fn/2The small class size and high teacher–pupil ratio variables were included in this list despite 

their mixed results because results of experimental studies in which the unit of analysis is 

classrooms show a (small) positive impact of small class size on competence development 

(Krueger, 1999). For the negative effects of grade retention, empirical results do not suggest 

that the pure abolition of grade repetition without other treatments like intensive support for 

weaker students would result in beneficial outcomes. The results for expenditures for 

education are a consequence of GDP rather than a direct determinant of competences (as 

expenditures in OECD countries increased by 39% in real dollars between 2000 and 2006, 

PISA scores generally were flat). Correlations with direct instruction are not stable across 

all data sets. And the immigrant population of a school is not an indicator of school quality. 

Discipline, although a student variable, also depends on behavior and attributes of teachers, 

directors, schools, and educational and legal systems and is therefore an indicator of school 

quality. 
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APPENDIX: DETAILED DATA AND METHOD DESCRIPTION 

/app/To ensure better data quality and that countries at all levels of cultural, social, and 

economic development are represented in the sample, we formed an average score from 

different measures of one construct for each country. We corrected some variables with 

recognizable flaws. Data appears in Table A1. 

Cognitive Competencies and Corrections 

/h3/Student Assessment Studies 

/app/1. PISA 2000 (Organisation for Economic Co-operation and Development [OECD], 

2003): We summed the scores for reading, mathematics and science literacy (41 states; α = 

.98). For PISA and other school achievement studies (TIMSS, PIRLS), the mean was set 

(by OECD) at 500 and the standard deviation at 100. Only 15- to 16-year-old students took 

part in PISA. Invariably, the intellectual proficiency of all young people is overestimated 

for those countries in which the school enrollment ratio of 15-year-olds is low, such as 

Albania (43%), Mexico (52%), Brazil (53%), and Peru (66%). This is because schooling is 

one of the most important determinants and indicators of cognitive development (Ceci, 

1991; Hansen, Heckman, & Mullen, 2004; Luria, 1976; Winship & Korenman, 1997), and 

those students who are no longer in schools at age 15 are expected to have lower 

intellectual proficiency than those still in schools. Therefore, the sum score was reduced 

according to the following formula: PISA 2000 (corrected) = PISA 2000 − [(100 − 

participation rate from 0 to 100) × 2]. For example, countries with 90% attendance rate get 

20 points subtracted, and those with 80% attendance rate have 40 points subtracted. Other 

corrections are conceivable. This correction formula assumes a normal bell curve 

distribution from which a piece of the lower left side has been deleted: For example, when 
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the lowest 16% of a normally distributed sample with a mean IQ of 100 are missing, the 

mean resulting IQ will be 104–105 (PISA: 530). The formula subtracts 4.8 IQ points (or 32 

PISA points) from the measured average and leads to marginally stronger corrections. The 

corrections are stronger for extremely low school enrollment ratios (e.g., for 50% missing, 

the formula would subtract 15 IQ points or 100 PISA points, although in a normally 

distributed sample the resulting mean would be only about 13 IQ points or 87 PISA points 

higher). This assumes that low and extremely low school enrollment ratios increase the 

negative influence of other ability-lowering factors, such as poor nutrition and health care; 

low appreciation of education, reading books, and argumentation and thinking in everyday 

life; and intellectual simplicity of home environments and society.  

2. PISA 2003 (OECD, 2004a, 2004b): We summed the reading, mathematics, science, 

and problem solving scores (40 states; α = .99). We corrected this score with the same 

formula used for PISA 2000 (PISA 2003 (corrected) = PISA 2003 − ((100 − participation 

rate) × 2)).  

3. TIMSS 1994–1995 (Beaton, Martin, et al., 1996; Beaton, Mullis, et al., 1996; Martin 

et al., 1997; Mullis et al., 1997), 8th grade (N = 39) and 4th grade (N = 25). We determined 

the average score of mathematics and science literacy (α = .94 and α = .93) and corrected it 

for mean student age. We used the following formula for 8th graders—TIMSS 95 (8th 

grade, corrected) = TIMSS 95 − ((Age − 14.308) × 42)—and another for 4th graders—

TIMSS 95 (4th grade, corrected) = TIMSS 95 − ((Age − 10.232) ×42)). For example, 

countries with students 1 year older than the mean (14.308 or 10.232 years) get 42 points 

subtracted, and countries with students 1 year younger than the mean get 42 points added. 

One year of school is expected to represent a gain of roughly 42 points (this is the mean of 

reports by Beaton, Martin, et al., 1996, p. 29; Beaton, Mullis, et al., 1996, p. 29; Mullis et 

al., 1997, p. 31 and p. 43; Martin et al., 1997, p. 29 and p. 41). For the 8th grade, 
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information also exists about participation rates (“coverage of 13-year-old students”; 

Beaton, Mullis, et al., 1996, p. A12), and we used the following correction formula: TIMSS 

95 8th grade (corrected2) = TIMSS 95 8th grade corrected1 − (100 −  TIMSS 1995 8th 

grade participation rate) × 2.No information about attendance rates was provided for 

Kuwait and Israel, so we used the value of the next Muslim neighbor (Iran: 72%) for 

Kuwait and the worldwide mean (87.57%) for Israel. A correction of 42 points for 1 year of 

age (not including 1 school year) could be an overestimate, because the increase for 1 year 

of life is only a third of one combined year of age and school year. But it is not clear 

whether the children also have 1 year of education more or less, at least in kindergarten but 

perhaps even in school. Grades are used differently in different countries. The 42-point 

difference means that children in countries with average school entry age and no repetition 

would achieve this value at this age. 

4. TIMSS 1999 (8th grade N = 37; Martin, Mullis, Gonzalez, et al., 2000; Mullis et al., 

2000): We used the following correction formula for students older or younger than the 

mean age: TIMSS 99 8th grade (corrected) = TIMSS 99 8th grade − (Age − 14.366) × 42. 

Thus, we deducted 42 points for countries with students 1 year older than the mean age 

(14.366 years) and added 42 points for countries with students 1 year younger than the 

mean age. No information is presented in the reports about participation rates. 

5. TIMSS 2003 (8th grade N = 44, 4th grade N = 24; Martin, Mullis, Gonzalez, & 

Chrostowski, 2004; Mullis, Martin, Gonzalez, & Chrostowski, 2004). We used the 

following correction formulas for students older or younger than the mean age for the 8th 

and 4th grades, respectively: TIMSS 03 8th grade (corrected) = TIMSS 03 8th grade − (Age 

− 14.459) × 42, and TIMSS 03 4th grade (corrected) = TIMSS 03 4th grade −(Age − 

10.368) × 42. No information is presented in the reports about participation rates. 
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6. IEA Reading Study 1991 (N = 24 countries for 9-year-olds and N = 31 countries for 

14-year-olds; Elley, 1992). The mean age was 9.77 for 9-year-olds and 14.73 years for 14-

year-olds. We used the following correction formulas for students older or younger than the 

mean age and for low participation rates of students: IEA Reading Study (9-year-olds, 

corrected) = IEA Reading Study (9-year-olds)  − [(Age − 9.7692) × 42] − [(100 – 

Participation Rate) × 2], and IEA Reading Study (14-year-olds, corrected) = IEA Reading 

Study (14-year-olds) − [(Age − 14.7333) × 42] − [(100 − Participation Rate) × 2].  

7. PIRLS 2001 (N = 33 countries; Mullis, Martin, Gonzalez, & Kennedy, 2003). PIRLS 

evaluates the reading competencies of 4th graders. We used the following correction 

formula for students older or younger than the mean age: PIRLS (corrected) = PIRLS − 

(Age − 10.312) × 42. Thus, we deducted 42 points for countries with students 1 year older 

than the mean (10.312 years) and added 42 points for countries with students 1 year 

younger than the mean. No information about participation rates is presented in the reports. 

/h3/Intelligence Assessment Collection 

/app/The IQ database of 113 countries is taken from Lynn and Vanhanen (2006). These IQs 

are standardized on a common norm scale with the mean of Great Britain set at 100 and the 

standard deviation set at 15. Their estimates for 79 states, based on measured data from 

neighboring countries, were adjusted downward by 5 points if student assessment studies 

were missing. This was done because it is assumed that countries with missing data are less 

developed with respect to education and research, which in turn tends to be associated with 

poorer cognitive performance. For the small country of Liechtenstein, which is not included 

in Lynn and Vanhanen’s data (although they did participate in PISA), we used the mean of 

Switzerland, Austria, and Germany (IQ 100). The correlations of uncorrected IQ are as 

follows: r = .88 (N = 46) for PISA 2000 (uncorrected), r = .84 (N = 46) for PISA 2000 
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(corrected), r = .89 (N = 63) for TIMSS (uncorrected), r = .88 (N = 63) for TIMSS 

(corrected), r = .78 (N = 33) for PIRLS (uncorrected), r = .81 (N = 33) for PIRLS 

(corrected), and r = .62 (N = 185) for GDP 1998. The correlations of corrected IQ 

(including Liechtenstein) with subsequent cognitive ability measures are as follows: r = .88 

(N = 47) for PISA 2000 (uncorrected), r = .84 (N = 47) for PISA (corrected), r = .89 (N = 

63) for TIMSS (uncorrected), r = .88 (N = 63) for TIMSS (corrected), r = .78 (N = 33) for 

PIRLS (uncorrected), r = .81 (N = 33) for PIRLS (corrected), r = .63 (N = 185) for GDP. 

For a complete list of correlations between variables, see Rindermann (2007a, 2007b). 

/h3/Aggregation Processes and Aggregated Measures 

/app/We used the arithmetic mean to aggregate different ability scales within studies. The 

original scale was preserved. Between different studies, different grades/ages of the same 

study in the same year (e.g., in IEA Reading 1991 and TIMSS 1995), different years of the 

same study (PISA 2000 and 2003; TIMSS 1995, 1999, and 2003), and different studies 

(IEA Reading, TIMSS, PISA, PIRLS, and IQ collection), aggregation was only possible 

after development of a standardization formula based on those countries that participated in 

at least two studies. This was necessary because different scales have different means and 

standard deviations (e.g., 500 and 100 for student assessment scores vs. 100 and 15 for 

psychometric IQ scores), and different assessments had different standardization samples 

but the same scales (e.g., IEA Reading, TIMSS, and PISA, or TIMSS 1995 Grade 4 vs. 

Grade 8; PISA 2000 vs. 2003). Before aggregation, we calculated the means and standard 

deviations for those countries that took part in two (or more) studies. We then aggregated 

the data stepwise: First, we averaged the different scales of one study (e.g., mathematics 

and science for TIMSS 1999), different age or grade levels of one study in 1 year (e.g., IEA 

Reading 1991 for 9- and 14-year-olds, and TIMSS 1995 for 4th and 8th graders), different 
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survey years of one study type (PISA 2000 and 2003, or TIMSS 1995, 1999, and 2003), 

and finally different studies of one student assessment approach (age, PISA studies, vs. 

class, TIMS studies and PIRLS, vs. mixed and old study, IEA Reading). At the end, one 

total score was calculated for all cognitive ability studies. Student assessment studies were 

given twice the weight of the Lynn and Vanhanen (2006) IQ collection because they are 

more recent, have larger samples, and consist of more studies. Similar total scores without 

any correction were calculated for student assessment studies only (PISA, TIMSS, PIRLS, 

IEA Reading), for grade-level studies only (TIMSS, PIRLS), and for age level studies only 

(PISA). Grade-level studies show two problems. First, there is lower comparability between 

countries. It is hardly feasible to define a common grade metric because some countries 

have students start school at the age of 4 or 5 (other countries may refer to it as 

kindergarten) and some countries have students begin at the age of 6 or 7, but they first 

attend preschool classes. Second, competence refers to ability at a defined age and the 

earlier that competence levels are reached, the better the condition is for cumulative 

competence development for the person, for peers, for class and school, and for the society. 

Correlations of the two general sum scores—the first total sum value and second student 

assessment sum value, with single study measures—are as follows: r = .99 (N = 193) and r 

= .86 (N = 77) for the IQ, Lynn and Vanhanen corrected; r = .97 (N = 48) and r = .99 (N = 

48) for PISA (corrected); r = .97 (N = 63) and r = .98 (N = 63) for TIMSS (corrected); r = 

.95 (N = 31) and r = .96 (N = 31) IEA Reading (corrected); and r = .95 (N = 33) and r = .97 

(N = 33) PIRLS (corrected). Both general sum scores (the sum of all cognitive ability 

studies and the sum of student assessment studies) are correlated (r = .98, N = 78). 

The results of the different cognitive ability studies are highly correlated. Outcomes of 

factor analyses support a one-dimensional factor structure (a whopping 93%–95% of the 
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variance was explained by the first unrotated factor; see Rindermann, 2006, 2007a, 2007b, 

for statistical details).  

Background Attributes of Societies 

/app/Gross domestic product (purchasing power parity) per capita 2003 was taken from the 

Human Development Report (United Nations Development Programme, 2005) and 

correlated with the cognitive ability studies sum (r = .64, N = 169). 

Social, political, and cultural modernity was assessed by four scientists with high 

interrater agreement (α = .93). The criteria were respect for human rights, existence of 

democratic attitudes and institutions, liberty, equal rights for women, peace, and personal 

safety. The scientists were of German and Turkish origin; one Protestant, two Catholics, 

and one Muslim; one was a psychologist, one was psychologist and a philosopher, one was 

a physician and writer, and one was a historian. Combined they speak 11 different foreign 

languages and all have worked abroad, including developing countries. Correlations of this 

modernity variable with democracy (r = .78, N = 183), political freedom (r = .63, N = 186), 

and political modernity (r = .74, N = 186) are high (Rindermann, 2008). The variable also 

correlated with the cognitive ability studies score (r = .76). 

General Educational Level of Society 

/app/The general educational level of society was estimated in two ways.  

1. Educational level of younger and older adults. The standardized values of three 

measures were averaged (α = .94, N = 173 countries): (a) adult literacy rate 1991 (N = 172), 

taken from Vanhanen (1997); (b) percentage of persons between 12 and 19 years old in the 

years 1960–1985 (in the interval of student assessment studies from the 1990s on adults) 

who graduated from secondary school (N = 117), taken from Mankiw, Romer, and Weil 
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(1992); and (c) the mean years of schooling of persons 25 years or older in 1990, 1995, and 

2000 (N = 107), taken from Barro and Lee (2000). 

2. Education index 2003 from the HDR (United Nations Development Programme, 

2005). This is the sum of the adult literacy rate and combined gross enrollment ratio for 

primary, secondary, and tertiary schools.  

Attributes of Educational Systems, Schools, and Students 

/app/1. Percentage of students who attended kindergarten or preschool for at least 1 year. 

We used data from the PIRLS 2001 (Mullis et al., 2003, p. 130; one, two, or more years 

summed; percentages for children reported by parents; N = 29) and data from the PISA 

2003 (OECD, 2004a, p. 244; attendance of preschool or kindergarten for more than 1 year 

in percentages; N = 40). (Aggregation to a sum value of PIRLS 2001 and PISA 2003, r = 

.88, α = .93, N = 52.) 

2. Age of enrollment at school (typical entry age and actual entry age). We used the 

PISA 2000 (OECD, 2003, p. 270, N = 42), TIMSS 1995 (Baumert & Lehmann, 1997, p. 

182, N = 37), TIMSS 2003 (Mullis et al., 2004, pp. 20–24, N = 45), International 

Assessment of Educational Progress (IAEP-II) 1991 (Lapointe, Mead, & Askew, 1992, p. 

17), and PIRLS 2001 (Mullis et al., 2003, p. 131, N = 29). The information comes from the 

PISA, TIMSS (mean), and IAEP correlate (r = .81). Unfortunately the data are not exact 

(e.g., “six years and three months” would be exact), but are instead presented as integers 

and may not be indicative of the actual ages of the children but only the official guideline of 

the school authorities (“typical entry age”, OECD, 2003, p. 270). Therefore, the possible 

effects of age of enrollment are underestimated. The PIRLS 2001 supplied the empirical, 

“real,” average school entry age (correlation of the sum of PISA, TIMSS, and IAEP with 

PIRLS; r = .82). The sum values are there for 72 countries (α = .90). The correlations are 
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for an identical characteristic that is too low (effects may be underestimated). The empirical 

information for Germany (6.28 years) from PIRLS indicates a younger age than the more 

plausible 6.7 years indicated in Klein (1999) (data were not corrected because corrected 

data only exist for Germany). The school entry age was reversed; a high numerical value 

corresponds to young age. 

3. Expenditures for education per pupil. We used expenditures in U.S. dollars per 

student from the IEA Reading Literacy study 1990/1991 (Elley, 1992; N = 30) and the 

expenditures per student (pupils at school) in “purchasing power parity” (ppp) for primary 

and secondary schools for the years 1985 and 1990 (aggregated; α = .95) from Lee and 

Barro (1997; N = 108). Both Elley and Lee and Barro were aggregated: absolute 

expenditures (not relative to GNP/GDP) were α = .99 (N = 110). These expenditures 

depend strongly on GNP. 

4. Official amount of instruction per year at the main school (not included instruction at 

additional cram schools). We used the average number of instructional days from TIMSS 

1995 (Grades 4 and 8; Martin, Mullis, Gonzalez, Smith, & Kelly, 1999, p. 67; N = 32), the 

yearly amount of total hours in school averaged across students from TIMSS 1999 (Grade 

8, Mullis et al., 2000, p. 293; N = 34), the yearly amount of instruction in secondary school 

from PISA 2000 (Deutsches PISA-Konsortium, 2001, p. 417; N = 31), the total hours of 

instructional time per year in primary school from PIRLS 2001 (Mullis et al., 2003, p. 145; 

N = 32), the hours of instructional time per week in primary school from the IEA Reading 

Literacy study 1990/1991 (Scheerens & Bosker, 1997, p. 253;  N = 26 countries), and the 

instructional time per year from PISA 2003 as a product of instructional weeks per year and 

instructional time per week in hours (OECD, 2004a, p. 242 & 431; N = 38). A sum value of 

official instructional time from the four studies exists for 64 countries, the correlations of 
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the measures within range are between .17 and .95, and the sum value is reliable (α = .87). 

Cancellation of instruction is not considered. 

5. Amount of education for pupils until age 15. For this index, we used kindergarten 

attendance (from PIRLS 2001 and PISA 2003), attendance of high grades at a young age 

(PISA, TIMSS, PIRLS, IEA Reading; students at a given age received more, higher, and 

more complex education), amount of instruction (from IEA Reading, TIMSS 1995, TIMSS 

1999, PISA 2000, PIRLS 2001, and PISA 2003), and attendance of additional (cram) 

schools (PISA 2000; Deutsches PISA-Konsortium, 2001, p. 417): r = −.02–.34, α = .59 

(because of this, low reliability discipline effects on ability differences between countries 

could be underestimated), N = 80. 

6. Tracking between schools (not within) at a young age as an aggregation of different 

sources. We initially used data from PISA 2000 (OECD, 2003, p. 221) and PISA 2003 

(OECD, 2004a, p. 262). We also combined, supplemented and corrected the OECD’s) 

PISA data. The information from OECD contains obvious errors: the tracking age in Hong 

Kong is 12 years, not 19 (Marsh, Kong, & Hau, 2000, p. 339f), in Switzerland around 12 

years (depending on canton), not 15 (Büeler & Merki, 2003; OECD, 1999, p. 30; Woschek, 

2005, reports age 12.58). We also added Singapore (10 years), Liechtenstein (11 years 

according to the homepages of education authorities), and the Netherlands (officially 12 

years). The U.S. and Japan are missing from PISA 2000. The U.S. is difficult to categorize; 

officially it is characterized by mandatory attendance until age 16 and a comprehensive 

school system (PISA 2003), but with streaming within schools and unofficial tracking 

according to residential area and financial situation of parents (indirectly correlated with 

education, knowledge, and intelligence of parents and their children) and even some 

unofficial tracking at kindergarten! According to Dronkers (2006, p. 69) “the United States 

has the significantly highest ethnic school segregation” in comparison with European 
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countries. Japan has officially and largely realized comprehensive schools until Grade 9 

(14-year-old students) . Private schools with entrance exams and competence selection are 

attended only by a small minority of students younger than 15 years. However, around two 

thirds additionally attend private cram schools (juku) during afternoons, evenings, and 

weekends and that attendance and the division within cram schools depend on ability and 

parental income (fees per month = ca. 600–900 €; Haasch, 2000, p. 199). Schümer (1998, 

pp. 215, 219) described a formal tracking of cram schools according to ability (“selecting 

according to achievement,” “selective cram schools”; translated by Heiner Rindermann). 

As a result, there is tracking at secondary school age (Grades 7–9, ages 12–14) outside 

public schools. In addition, there are reports of informal tracking with entrance exams in 

primary schools and even in kindergarten (Haasch, 2000, pp. 144, 168, 183) and 

preparatory trainings for these exams! The Japanese educational system is not 

understandable without these additional tracked cram schools. Because of this, we chose a 

tracking age of 14 rather than 15 for Japan (if anything, we could have selected an even 

younger age). Moreover, it is obvious that the difference in competencies following school 

attributes is greatest worldwide for 15-year-old students (“effect of schools’ economic, 

social and cultural status”; OECD, 2004a, p. 188) and that there are many private schools, 

according to OECD (2004a, p. 251). Finally, Schaub and Zenke (2004, p. 298) report 

informal differentiations along prestige, fees, and competencies in Japan. South Korea is 

similar (cram schools, private teachers for single students; Son, 2005, p. 55, 58), but the 

information basis is worse than that for Japan (correcting the Korean age downward the age 

would result in stronger positive effects for early tracking). Further tracking data come 

from Schaub and Zenke (2004). There are some divergences between OECD sources and 

Schaub and Zenke: The tracking ages of Argentina and Brazil were reduced from 18 

(OECD) to 15 (Schaub & Zenke; this marks the end of compulsory education—students 
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take different tracks after that, and the correction reduces positive effects of early tracking); 

Bulgaria’s tracking age was reduced from 14 to 13 (onset of vocational schools); Great 

Britain’s tracking age was reduced from 16 to 11 (grammar schools in England admit 11-

year-old pupils after entrance exam, and comprehensive schools use tests for admission or 

streaming; Schaub & Zenke, p. 177. The same holds true for Northern Ireland—this 

correction increases the positive early tracking effect); Ireland’s tracking age was reduced 

from 15 to 12 (like England and their grammar schools); Israel’s tracking age was raised 

from 12 to 15 (tracking starts at age 15), Japan was reduced to 14 years (not 15 years, as 

stated earlier); South Korea’s tracking age was raised from 14 (OECD) to 15 (Schaub & 

Zenke; perhaps wrong and reducing positive effects of early tracking; see Son, 2005); 

Canada’s tracking age was raised from 13 to 16 (reducing tracking effect); Luxemburg’s 

tracking age was reduced from 13 to 12; Malta’s tracking age is 11 years (beginning of 

grammar school); Russia’s tracking age was reduced from 15 to 14—here the decision was 

difficult, because Russia has students enrolled in grammar schools from the age of 6 on up 

(see Döbert, Hörner, Kopp, & Mitter, 2004), but grammar schools are attended by only 4% 

of the students; Switzerland’s tracking age was determined to be 12 years as the mean 

between 10, 12, and sometimes 15 (and not 15 as OECD lists; see earlier in this appendix 

and Schaub & Zenke, p. 499); the tracking ages for Slovakia, Czechia, and Hungary were 

reduced from 11 to 10 (beginning of grammar schools); South Africa has comprehensive 

schools (16 years), but they seem to be segregated informally along residential area and 

race. The U.S. is difficult—it was listed as 13 years (from age 12 or 14 on tracking, 

attending high schools at age 14 with entrance exam, large variance in competencies 

between schools depending on parents; Martin, Mullis, Gregory, Hoyle, & Shen, 2000, p. 

76ff., Martin et al., 2004, p. 193). N = 58 countries. There is some data not presented in the 

tables: When tracking, in its different versions and sources, was correlated with the 
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different competence levels in different samples and with partialed out background 

variables, the results nearly always have been in favor for tracking at a young age (recall 

that tracking was reversed so that high numbers stand for early tracking). 

7. Percentage of immigrants (independent of origin) in schools. We used the following 

sources: data from PISA 2000 regarding students with at least one parent born abroad, (N = 

31; Deutsches PISA-Konsortium, 2001, p. 348), data from PIRLS 2001 on the same subject 

(N = 34; Mullis et al., 2003, p. 103), and OECD data regarding students born abroad or 

students born in the country of assessment with two parents born abroad (N = 40; OECD, 

2004b, p. 153). The three values correlate (r = .90–.94), and the sum value exists for 56 

countries (α = .95). The variable is also somewhat problematic: Austrian students in 

Germany, students from the United Kingdom in Canada and Australia, and Chinese 

students in Hong Kong are coded similarly to Kurdish in Denmark, sub-Saharan Africans in 

France, and Arabs in the Netherlands. Presumably, the percentage of immigrants in some 

countries is underestimated because this information stems from self-report and biases are 

conceivable (anecdotal evidence from Germany: Hagemeister, 2006, p. 271f.). In addition, 

high percentages of immigrants with low educational background and low competencies in 

language of instruction affect the instruction and progress for the other native or nonnative 

students in class. Therefore, attempts to remove portions of migrants statistically (e.g., by 

only using data from native students) could underestimate the negative effects of large 

percentages of immigrants in European classes, schools, and school systems. 

8. Large class sizes and high pupil–teacher ratios. We used the number of students per 

class for age 9 from the IEA Reading Literacy study 1990/1991 (N = 26 countries; 

Scheerens & Bosker, 1997, p. 249), Class size and teacher–student ratio from TIMSS 1995 

(N = 36; Grades 4 and 8, Martin et al., 1999, p. 45f.), overall average class size from 

TIMSS 1999 (N = 37; Grade 8, Mullis et al., 2000, p. 203), overall average class size from 
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TIMSS 2003 (N = 44; Grades 4 and 8, Mullis et al., 2004, p. 266f.), class sizes for students 

age 15 from PISA 2000 (N = 40 countries; OECD, 2003, p. 363), overall average class size 

from PIRLS 2001 (N = 34; Mullis et al., 2003, p. 158), and pupil–teacher ratio from Lee and 

Barro (1997) for the years1985 and 1990 aggregated for primary and secondary schools (N 

= 143, α = .89). The indicators correlate between .59 and .90. The sum value is for 154 

countries (α = .95). Large classes or many students per teacher correspond to a high value. 

A low student–teacher ratio does not always result in small classes because some teachers 

also work in administration or as additional teachers inside or outside class (e.g., for 

students with special needs). Correlational results for class sizes without pupil-teacher-ratio 

(N = 72) with abilities are even more negative: in Table 1, r = −.49, −.47, −.45, −.45 (and 

with GDP, r = −.46), and partial correlations are −.15, −.14, −.11, −.00 (and with GDP 

−.09). 

9. Repetition rates. We used the repetition rate from Lee and Barro (1997) for primary 

and secondary schools and for the years 1985 and 1990, aggregated (α = .93, N = 130); the 

sum of the proportion of repeaters among 15-year-olds in primary and secondary schools 

from PISA 2003 (N = 30; OECD, 2004a, p. 262), and the aggregation of Lee & Barro and 

PISA 2003 to one sum value (r = .54, α = .70, N = 132). 

10. Discipline and regularity and school-appropriate behavior of students. We used the 

following sources: Percentage of students with absenteeism in schools (moderate or serious 

problem) from PIRLS 2001 (N = 34; Mullis et al., 2003, p. 243); students who did not leave 

school before the end of the school year from TIMSS 1995 (N = 37; “schools with less than 

5% leaving before year’s end, percent of students” for Grades 4 and 8, director’s 

assessment; Martin et al., 1999, p. B14, B15); problems with school and class attendance 

(index of “seriousness of attendance problems at school” and “arriving late at school, 

absenteeism, skipping class”; percentage of students with high attendance) and problems in 
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the classroom (“classroom disturbance”; percentage of students whose schools reported that 

disturbances occur at least weekly) from TIMSS 1999 (N = 37; Grade 8, Mullis et al., 2000, 

p. 240, 244);, index of good school and class attendance (“principals‘ responses to three 

questions about the seriousness of attendance problems in the school—arriving late at 

school, absenteeism, and skipping class”) from TIMSS 2003 (N = 44; Grades 4 and 8, 

Mullis et al., 2004, p. 324f); skipping class in the last 2 weeks from students’ self-report in 

PISA 2000 (N = 41 countries; OECD, 2003, p. 290); arriving late for school in the last 2 

weeks from students’ self-report in PISA 2000 (N = 41 countries; OECD, 2003, p. 291); 

percentage of students in schools where the principals report that student absenteeism 

and/or skipping classes hinders students’ learning to some extent or a lot from PISA 2003 

(Ns = 38 and 37, respectively; OECD, 2004a, p. 407); discipline problems in class from PISA 

2003 (OECD, 2004a, pp. 407, 409), derived from factors such as “disruption of classes by 

students,” “the teacher has to wait a long time for students to quiet down,” and “students 

don’t start working for a long time after the lesson begins” (N = 40, rs = .47, .36, and .68, α 

= .75). The sum value after reversion of all variables of school-appropriate behavior and 

after first internal TIMSS and PISA aggregations were α = .71 and .72, correlations 

between r = .17 and .52, α = .53. The sum value (N = 72) describes regular attendance and 

regular behavior in class. Variables representing disciplinary climate are sometimes 

questionable. Extremely high discipline (e.g., perfect silence in classroom) is probably not 

useful for competence development (e.g., for verbal competence or for independent 

thinking). Discipline has to be justified by its positive consequences and ethically by 

justifiable norms (e.g., Weinstein, 2003). The meaning of the variables is not always 

clear—for instance, “not leaving school before the end of the school year.” Why are some 

students leaving school and why do they do this more in certain countries? Some departures 

could be attributed to relocation, but the about the others? School attendance depends at 



Educational policy and cognitive competences 65 

 

least partly on the actions of teachers and directors and on legal and formal rules and the 

willingness and ability to push them through. Discipline increases learning time and it ties 

education to values, at least for learning.  

11. Amount of direct instruction (lecture-style presentation by teacher). We used the 

following sources: sum of “work together as a class with teacher teaching the whole class”, 

“lecture-style presentation by teacher,” or “listening to lecture-style presentations” from 

TIMSS 1995 (N = 37, Beaton, Martin, et al., 1996, p. 146f; Beaton, Mullis, et al., 1996, p. 

154f, Mullis et al., 1997, p. 164f), TIMSS 1999 (N = 38, Martin, Mullis, Gonzalez, et al., 

2000, p. 219; Mullis et al., 2000, p. 205), and TIMSS 2003 (N = 44, Martin et al., 2004, p. 

310; Mullis et al., 2004, p. 286-288,), using the teacher’s view of the portion of lesson time 

in mathematics and in science instruction of 4th and 8th grades, α = .67, N = 61. 

12. Use of standardized achievement tests. We used TIMSS 1995 for tracking/streaming 

of 8th grade students (“factors that are moderately or very important in deciding courses of 

study in mathematics, standardized tests”, Martin et al., 1999, p. 64, N = 20). Similar 

information was not published in other TIMS studies. We also used “percentage of students 

in schools where the principals consider the following statements as a ‘prerequisite’ or a 

‘high priority’ for admittance at school: students’ academic records including placement 

tests” from PISA 2003 (N = 37; OECD, 2004a, p. 417 a. 314). We also used “use of 

assessment results and student performance in mathematics: group students for instructional 

purposes” and “use of assessment results and student performance in mathematics: inform 

parents about their child’s progress” from PISA 2003 (N = 38; OECD, 2004a, p. 421).. The 

values correlate within PISA: r = −.03, .04, and .23 (α = .21). The homogeneity in PISA is 

low, but they all refer to a school system orientated towards objectively measured 

competencies. The sum value exists for 44 countries (TIMSS sum with PISA sum: r = .62, 

α = .77). 
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13. Use of central exams and objective tests in educational systems by schools and in 

entry exams of universities. Data come from Bishop (1997) and Wößmann (2002, p. 15). 

The provided information is for mathematics and sciences in school systems (r = .84, sum 

value α = .91). Two modifications were made: (a) We added China (following Heine, 

Briedis, Didi, Haase, & Trost, 2006, central exams) and (b) we listed the U.S. at 70 and not 

at 7, on a scale from 0 to 100. Because the admission to colleges and universities in the 

U.S. is regulated by central and objective competence tests (SAT and ACT), the majority of 

pupils go at least to colleges and the foundation courses there represent a kind of higher 

secondary school education in contents and age of students (sum value N = 53). The 

variable represents the use of central exams (independent from proximity to a given 

curriculum) in schools or at the end of school education for university entrance. The 

correlation of central exams with use of standardized achievement tests is r = .28 (N = 37). 

14. Reading interest from PISA 2000 for 41 countries (“Time students usually spend 

each day reading for enjoyment and performance on the combined reading literacy scale”) 

as a reversed percentage of “Students report not reading for enjoyment” or the sum of 

“Students report reading 30 minutes or less each day,” “Students report reading between 30 

and 60 minutes each day,” “Students report reading between 1 and 2 hours each day,” and 

“Students report reading more than 2 hours each day” (OECD, 2003, p. 298). Scale was 

reversed for reduced complexity. As in all cases, data were carefully checked. Correlation 

at the national level with the reading interest sum of “1 and 2 hours each day” and “more 

than 2 hours each day” was r = .76 (N = 41). Correlation of this reading interest sum with 

the four ability variables and GDP is similar: r = −.63, −.60, −.30, −.70, and −.78, the 

partial correlations are rp = −.04, −.08, .16, −.21, and −.29. Correlation of this reading 

interest sum with reading literacy (competence scale) was r = −.32 in IEA-Reading-Study 
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1991 (N = 22), r = −.74 in PISA 2000 (N = 40), r = −.32 in PIRLS 2001 (N = 20), and r = 

−.48in PISA 2003 (N = 34).  

15. Homework as a sum variable from three sources: Time spent on homework from 

PISA 2000 (N = 32 countries of first wave; Deutsches PISA-Konsortium, 2001, p. 417), 

IEA-Reading-Literacy 1990–19991 (N = 26; Scheerens & Bosker, 1997, p. 253), and PISA 

2003 (N = 39; OECD, 2004a, p. 431). The three values correlate with r = .37, .80, and .29 

(α = .76)—the sum value exists for 46 countries. Controls using newer data from PIRLS 

2006 (Mullis, Martin, Kennedy, & Foy, 2007, p. 236) result in the same negative outcome 

at the cross-country level: r = −.37 (N = 38), −.34 (N = 38), −.26 (N = 38), −.55 (N = 31) 

and −.78 (N = 38). 

16. School-education quality including the sum of all variables with theoretical and 

empirical support for impact on cognitive competences: (a) kindergarten, (b) amount of 

instruction per year, (c) tracking at a young age, (d) use of standardized achievement tests, 

(e) use of central exams, (f) discipline, (g) small class sizes and high teacher–pupil ratios, (h) 

attendance of additional schools, and (i) attendance of high grades at a young age (age of 

enrollment included). The last two variables are subvariables of amount of education. As 

noted, only some parts of this information exists for many countries (α = .37, N = 158). 

Software 

The statistical analyses were conducted with SPSS, and the maps were drawn with SAS 

graphics. 
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