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Method

1 Analyses in Figure 1 and 2 (longitudinal studies)

1.1 Education

For the analysis reported in Figure 1 the amount of education was used as a proxy for cognitive competence. The data pool collected by Barro and Lee (2000) gives data as years at school (“average schooling years in the total population over age 25”). For 1970 N=101 countries, for 2000 N=104 countries, in the repeated measurement at both measurement points N=88 countries. 

1.2 Cognitive competence

Mean results from student assessment tests were used in the second analysis (Figure 2). For the first measurement point 1964-1972 old student assessment studies collected by Lee and Barro (1997) were used. From 1964: IEA-Mathematics tested in 13-year old pupils, eighth grade; IEA-Mathematics at the end of secondary school. From 1972: Science tested in 10-year old pupils; science in 14-year old pupils; science at the end of secondary school; reading in 13-year old pupils. The mean correlation between the results of the studies with weighted N (number of countries) and after Fishers-Z-transformation is r=.62. The complete sample for old student assessment studies includes 19 nations: Australia, Belgium, Chile, Finland, France, Germany, Great Britain, Hungary, India, Iran, Israel, Italy, Japan, Malawi, Netherlands, New Zealand, Sweden, Thailand, USA. For IQ standardized analyses the results were transformed to the IQ scale (M=100, SD=15) according to the distribution in the newer student assessment results 1995-2007. 

For the second measurement point 1995-2007 recent student assessment studies were used. Sources were TIMSS 1995, 4th and 8th grade, math and science, TIMSS 1999, 8th grade, math and science, TIMSS 2003, 4th and 8th grade, math and science, TIMSS 2007, 4th and 8th grade, math and science; PISA (always students of around 15 year of age) 2000, 2003 and 2006, verbal, math and science literacy, 2003 also problem solving, PIRLS verbal literacy in 4th grade 2001 and 2006. All results were originally presented in student assessment scales (SAS M=500, SD=100).

With references: Sources were TIMSS 1995 (in the order of the grades and scales: Beaton, Mullis, Martin, Gonzalez, Kelly & Smith, 1996; Beaton, Martin, Mullis, Gonzalez, Smith & Kelly, 1996; Mullis, Martin, Beaton, Gonzalez, Kelly & Smith, 1997; Martin, Mullis, Beaton, Gonzalez, Smith & Kelly, 1997), TIMSS 1999 (Mullis, Martin, Gonzalez, Gregory, Garden, O’Connor, Chrostowski & Smith, 2000; Martin, Mullis, Gonzalez, Gregory, Smith, Chrostowski, Garden & O’Connor, 2000), TIMSS 2003 (Mullis, Martin, Gonzalez & Chrostowski, 2004; Martin, Mullis, Gonzalez & Chrostowski, 2004), TIMSS 2007 (Mullis, Martin & Foy, 2008; Martin, Mullis & Foy, 2008), PISA 2000 (OECD, 2003), PISA 2003 (OECD, 2004a, b), PISA 2006 (OECD, 2007a, 2007b), PIRLS 2001 (Mullis, Martin, Gonzales & Kennedy, 2003) and PIRLS 2006 (Mullis, Martin, Kennedy & Foy, 2007).

A sum value of different scales, grades/age groups, studies and study approaches (grade vs. age level studies; studies trying to measure abilities defined by curriculum like TIMSS vs. studies trying to measure abilities defined by cognitive demands in modernity like PISA) is more convincing, that is, more representative, reliable and valid. High correlations between scales within and across studies, and similarities in cognitive demands and processes necessary to solve the tasks, allowed us to sum up scales to a single sum value (all factor loadings on an international G-factor were (>.90; Rindermann, 2007a, 2007b). 

To form a common score the results were at first averaged within one grade, year and study between different scales (e.g. within TIMSS 1995, 4th grade, across math and science), secondly within one year and study between different grades (e.g. within TIMSS 1995, across 4th and 8th grade), thirdly within one study between different years (e.g. within TIMSS, across 1995, 1999, 2003 and 2007), fourthly within different grade vs. age study approaches across TIMSS and PIRLS (TIMSS and PIRLS are studies done in grades, PISA is a study done in a single age group), fifthly and finally between different study approaches (across grade and age approach studies: TIMSS-PIRLS-mean and PISA-mean). All averaging was done using z-transformations, calculating means and standard deviations in countries which participated in all samples used for averaging (so z-formula are based on the same countries and over- or underestimation are avoided). Subsequently the z-results were re-normed using means and standard deviations obtained by simple arithmetical averaging of all three study results (SAS-scale with M=500 and SD=100). At the end the values were transformed to the more usual IQ-scale, using Great Britain as the reference country, SAS-SD were simply transformed to an IQ-scale (“Greenwich-IQ”, M=100, SD=15). Results are provided for N=90 countries. Means in SAS-scale are 453, 304 and 596, in UK-IQ-scale 90, 68 and 111. A table of country means could be found in Rindermann, Sailer and Thompson (2009; see: www.iratde.org/issues/1-2009/tde_issue_1-2009_03_rindermann_et_al.pdf).
The results are not identical with the formally published cognitive ability values of Rindermann (2007a), because a) psychometric intelligence test results were not used here (because stemming from different decades), b) older student assessment studies like IEA-Reading and IAEP were not used (too old for the second measurement point in longitudinal analyses), c) newer studies were included (PISA 2006, PIRLS 2006, TIMSS 2007), and d) the results were not corrected for age and grade or sample quality. Nevertheless the correlations are very high (with former corrected cognitive ability sum r=.92, with uncorrected r=.95, N=88).

“Normed” values of all variables at international data level are somewhat arbitrary, e.g. the student assessment scale with M=500 and SD=100. The norms are estimated by the authors of the student assessment studies with reference to results in OECD-countries (and sometimes in accordance with older results). OECD-membership, however, is no scientific criterion. IQ-norms depend on the secular rise of intelligence and intelligence test results (“Flynn-effect”). Student assessment results are biased because only those in school participated, in several countries participating pupils had been too old (especially in older studies and in developing countries students had been older than defined by the study guidelines), not all regions participated (especially in older studies and in developing countries) etc. (see Rindermann, 2007a; Wuttke, 2007). But also for other variables the norms are arbitrary, e.g. for GDP (inflation, Dollar or Euro).

The competence levels are obtained through student assessment studies. But students do not work and nor do they win Nobel Prizes. We assume that the results of students could be generalized to adults, an assumption that is backed by high correlations with IQ measures (r=.87, N=86, Lynn & Vanhanen, 2006; often gained in adult samples), with an adult literacy study (r=.68, N=20; OECD, 2000) and the educational level of societies (r=.67, N=84, r=.75, N=85; measures see below). And, of course, the past youth is today’s workforce. OECD is doing an adult literacy study for a larger country sample (PIAAC, Programme for the International Assessment of Adult Competencies, in 2011), by using their data it would be possible to prove if our assumptions are correct.

In the repeated measurement at both measurement points N=17 countries.

1.3 Economic freedom

Economic freedom ratings for 1970 (or the first available measurement point in the 1970s) and 2000 (122 countries each) were obtained from the Fraser Institute (Gwartney & Lawson, 2003). (More information on the construct see below). In the analyses N=88/17 countries.

1.4 Wealth

Gross Domestic Product (GDP, ppp) was taken from Barro and Lee (1993) for 1970 (122 countries), and from Penn World Table Version 6.3 for 2000 (187 countries; Heston, Summers & Aten, 2009). GDP considers only goods and services produced within a country, not income received from abroad. GDP is an indicator for produced wealth. GDP was logged. Using not logged GDP would mean that the difference between e.g. 20.000 and 25.000 US $ would have the same meaning as between 5.000 and 10.000 US $. Instead, by using log GDP wealth increases at lower levels would mean a larger and more relevant gain in wealth than at higher levels. “PPP” means “purchasing power parity”: GDP transformed across countries and currencies in comparable monetary units. In the analyses N=88/17 countries. 

1.5 Longitudinal statistical analyses

Longitudinal effects were calculated by the use of cross-lagged path coefficients in a cross-lagged panel design (see Shadish, Cook & Campbell, 2002; for causal interpretation: Pearl, 2009). This method provides a test of reciprocal causal relations between two or more variables. The standardized path coefficients (() between time-lagged variables are reported, along with correlations in parentheses. Additional correlations help to estimate the influence of other variables in the model (by inspection of the difference between the correlation coefficient and the path coefficient), they allow a check of the model (1-error=R²=(r() and to calculate the proportion of explained variance through each factor (R²=(r(). According to Rogosa (1980), unlike the path coefficients the cross-lagged correlations are not useful for estimating causal effects because of their stronger dependence on the stability and variance of the variables. An even more important reason is that cross-lagged path coefficients represent the incremental part of the other variables in the model, the part that is not explained by self-prediction. Even highly stable variables, such as GDP, can be explained by other variables in a model. The cross-lagged path analyses were done with LISREL 8.80. 

For evaluating the fit of path-models Hu and Bentler (1998, 1999) recommended a 2-index-strategy. Indices assess the fit between the theoretical model and empirical data. In accordance with Hu and Bentler, we chose the SRMR (Standardized Root Mean Square Residual) and the CFI (Comparative Fit Index). The SRMR is sensitive to model misspecifications (especially wrong factor covariances) and it is robust against violations of distributional assumptions and sample size. The CFI is sensitive to incorrectly specified factor loadings and does not penalize model complexity (Marsh, Hau & Wen, 2004). The SRMR-results should be small, the CFI-results high. Commonly accepted criteria for a good fit are: SRMR(.08 (Hu & Bentler, 1999) or SRMR(.05 (Schermelleh-Engel, Moosbrugger & Müller, 2003) and CFI(.95 (Hu & Bentler, 1999) or CFI(.97 (Schermelleh-Engel et al., 2003).

2 Analysis in Figure 3 (intellectual class effect analysis)

2.1 Cognitive competence (shares above ability thresholds)

Hanushek and Woessmann (2009, p. 25f., A2ff., A13ff.) calculated for 77 countries, from older and newer student assessment studies (1964-2003, FIMS, FISS, FIRS, SIMS, SISS, SIRS, TIMSS, PISA, PIRLS), the percentage of students in math and science above SAS=400 or 600 (( IQ(85 or 115) using US NAEP-results and an OECD (Organisation for Economic Co-operation and Development) standardization sample. The US NAEP-results (yearly tests in an intertemporally comparable way since 1969) were used to find a common comparison scale to combine data from different studies: The United States has been the only country which participated in all by Hanushek and Woessmann used 12 student assessment studies and their NAEP-results could be compared across time. The 13 country OECD-sample (economically advanced countries with stable education systems and without major changes in overall enrollment) was used for standardization of the variance for finding the “400” and “600” thresholds. 

A threshold of 400 points (“basic skill”) is used as the lowest bound for a basic level of competence in reading, math and science literacy. This corresponds to the middle of the level 1 range, which denotes that students can answer questions involving familiar contexts where all relevant information is present and the questions are clearly defined. A score of 600 points (“top-performing”) is near the threshold of the highest level 5, which means that students can develop models for complex situations; they can reflect on their answers and can communicate their interpretations and reasoning.

A total of 77 countries have participated in at least one of the student assessment studies, but Hanushek and Woessmann used only the data for 50 countries (excluding former communist countries, countries for which oil production is the dominant industry, small countries, newly created countries, lacking early output data, strong outliers). Here data for N=77 countries were used. 

2.2 Indicators of scientific-technological excellence (STEM)

STEM is measured independently from our indicators of cognitive ability by rates in patents, Nobel Prizes, scientists, and high-technology exports. All measures are adjusted for population size. 

Patent rate: Number of patents of a nation (sum of residents and nonresidents) related to population size, average annual patents per 1 million people 1960-2007 (N=67 countries). Source is the World Intellectual Property Organization (WIPO, 2009), an agency of the United Nations. 
Nobel Prizes: Nobel Prizes in science 1901-2004 related to population size (Nobel-Prize-Committee, 2005). Science sums up Nobel Prizes in physics, chemistry, medicine and economics. Mean correlations between those are around r=.90 ((=.97, here for N=76 countries). 

Scientist rate: Scientists and engineers in research and development per million people, 1985-1995 (source: Kurian, 2001, p. 388, here for N=50 countries). 

High-technology exports: High-technology exports as percentage of manufacturing exports, 1997 (source: Kurian, 2001, p. 389-390, here for N=58 countries).
All indicators were related to population size, in this sample the sum N=76 (Cronbach-(=.68).

2.3 Economic freedom
Economic freedom covers property rights, rule of law, low customs, taxes, government spending ratio, and trade restrictions (within our analyzed sample: N=67 and 72; Cronbach-(=.88) from Fraser Institute for 2000 (Gwartney & Lawson, 2003) and from Heritage Foundation for 1995-2000 (O‘Driscoll, Holmes & O’Grady, 2002). The Fraser Institute uses 42 measures to construct a summary index measuring the degree of economic freedom in five categories: (1) Size of government (negative): expenditures, taxes, and enterprises; (2) legal structure and security of property rights (positive); (3) access to sound money (positive); (4) freedom to trade internationally (positive); and (5) regulation of credit, labor and business (negative). The raw data consist of objective (numerical) measures and subjective assessments on a rating scale which were weighted and combined to a sum score. Heritage Foundation uses 50 independent economic variables in 10 areas: (1) Trade policy, (2) fiscal burden of government, (3) government intervention in the economy, (4) monetary policy, (5) capital flows and foreign investment, (6) banking and finance, (7) wages and prices, (8) property rights, (9) regulation, and (10) black market activity. The raw data consist of objective (numerical) measures and subjective assessments, both rated on a 5 point scale. Finally the 10 factors were equally combined to one sum score. 

2.4 Wealth

Gross domestic product 2003 (GDP per capita, purchasing power parity/ppp, logarithm; Human Development Report/HDR, 2005, here for N=72 countries). GDP 1998 (ppp, logarithm) per capita from Lynn and Vanhanen (2002), here for N=74 countries. 

2.5 Structural equation modeling analysis

Structural equation modeling analysis using Mplus (5.21) and FIML (full-information-maximum-likelihood, no listwise deletion in the case of missing data) were calculated at the latent level (manifest variables in boxes as indicators of latent ones in circles which are assumed to be error-free measures of constructs). 

Good values for fit indices are SRMR(.08 (Hu & Bentler, 1999) or SRMR(.05 (Schermelleh-Engel, Moosbrugger & Müller, 2003) and CFI(.95 (Hu & Bentler, 1999) or CFI(.97 (Schermelleh-Engel et al., 2003).

Significance tests were not used for interpretation (for an in-depth justification e.g. Cohen, 1994; Falk & Greenbaum, 1995; Gigerenzer, 2004; Hunter, 1997). Especially at the macro-social level they are not appropriate for scientific reasoning. More instructive for inductive generalization – which is not possible with significance tests – is the demonstration of the stability of relationships across different country samples, different variables, different measurement points and various studies by different authors.
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