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Country-level total fertility rates (TFR) and cognitive ability are negatively correlated, suggesting the existence of
a selection pressure that might be reducing global G. Also, the cross-population frequencies of several SNPs have
been found to predict cognitive ability between countries. This study applies a cross-cultural sociogenetic ap-
proach to explore the role of latent factors among cognitive ability measures and these SNPs in moderating the
associations among their indicators and TFR. Using a G factor constructed from fivemeasures of cognitive ability,
positive moderation is found on the TFR*ability relationship (ρ = 0.251 N = 60.6 countries). Using a metagene
common factor among eight SNPs, positive moderation is also found on the TFR*SNP relationship (ρ = 0.816,
N=18 countries). An inference of polygenic selection for lower G is supported by the findings of twomultivector
co-moderation analyses. When controlled for one another, Human Development Index andmetagene frequency
both independently predicted TFR (β = −0.339, and −0.678 respectively, N = 18 countries). This indicates a
joint impact of intelligent fertility control and life history slowing on the distribution of TFR values. Based on
these results, polygenic selectionmight be reducing heritable G globally by−0.253 points per decade, highlight-
ing the importance of the Flynn effect as a contributor to global development.

© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

The emerging field of cross-cultural sociogenetics (Minkov, Blogoev,
and Bond, 2015) has led to an abundance of research linking cross-
cultural variation in the frequencies of various genes and alleles
known or suspected to predict trait variation at the individual differ-
ences level, to the cross-cultural distribution of those same traits. Thus
far, research in this field has examined the genetic underpinnings of
cross-cultural variation in height (Turchin et al., 2012), intelligence
and educational attainment (Piffer, 2013, 2015, 2016; Minkov et al.,
2015; Minkov, Welzel, and Bond, 2016), life history characteristics and
personality (Minkov and Bond, 2015; Minkov et al., 2015), individual-
ism-collectivism (Chiao and Blizinsky, 2010) and subjective wellbeing
(Minkov and Bond, 2016). Little attention has been paid to the implica-
tions of genetic factors for global patterns of selection operating con-
temporaneously on these traits however. It is known for example, that
substantial differences in total fertility rates (TFR) exist between coun-
tries (CIA, 2015). Of particular interest is the observation that these
ent of Psychology, Technische
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have been found to consistently negatively correlate with country-
level differences in cognitive ability (see Lynn and Vanhanen, 2012a,
Table 14, p. 231 for an overview of studies). The present study will at-
tempt to establish the role of sociogenetic factors in this relationship uti-
lizing both moderation and regression analyses involving a newly
developed cross-cultural genetic index of cognitive ability. These rela-
tionships have potentially significant implications for our understand-
ing of the nature of contemporary patterns of phenotypic selection on
the future of global cognitive ability.

The introduction is structured as follows; firstly the theoretical and
empirical underpinnings of the negative relationship between IQ and
fertility, both at the cross-cultural and individual-differences level will
be reviewed. Here the co-occurrence model as a solution to Cattell's Par-
adox, or the observation that cognitive ability rises over time owing to
the Flynn effect, rather than declines, as predicted by genetic selection,
will be presented. Secondly, four predictions are made concerning the
relationships between cross-cultural sociogenetic factors, TFR and vari-
ous national-level indicators of cognitive ability.

1.1. The global relationship between cognitive ability and total fertility rates

Whilst several studies have demonstrated the existence of negative
correlations between national cognitive ability and TFR (Lynn and
Vanhanen, 2012a, 2012b), thus far only two studies have attempted to
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determine the degree to which the potential selection pressure stem-
ming from this association should reduce global ‘genotypic IQ’ (i.e. the
heritable variance component of IQ, or IQ.h, following abbreviations de-
veloped in Woodley and Figueredo, 2013) across generations. Based on
a model that factored in the changing rate of population growth from
1950, projected out to 2050, Lynn andHarvey (2008) estimated a global
IQ.h decline of 0.86 points between 1950 and 2000 (0.17 points per de-
cade), which increases to 1.28 points between 2000 and 2050 (0.26
points per decade). In a second study, Meisenberg (2009) utilized a
more sophisticated model in order to estimate the IQ.h change among
the young, reproductive aged global population (Lynn and Harvey by
contrast provide estimates for the change in the total global popula-
tion). Meisenberg estimated an IQ.h decline of 1.31 points per 28-year
generation (0.47 points per decade).

What is the origin of this apparent global selection pressure on
cognitive ability? Key to understanding this is the demographic tran-
sition, or the general decrease in fertility, starting in the West during
the Industrial Revolution and now present in the majority of the
world's countries (Kirk, 1996). The demographic transition has two
principal causes:

i) Intelligent control of fertility: AmongWestern populations, in the pe-
riod leading up to the late 18th century, fitness among those with
higher IQ (as indicated by proxies such as social status) was greater
relative to those with lower ability (Clark, 2007; Skirbekk, 2008). A
major driver of this fitness difference was selective child mortality,
which was concentrated among those with lower social status, and
(presumably) also lower IQ (Geary, 2000), and was higher than
50% in some Western populations during the Middle Ages (Volk
and Atkinson, 2008). This led to a process of downward social mobil-
itywhereby the reproductive surplus of the high-socioeconomic sta-
tus stratum came to gradually replace the reproductively failing
lower stratum, as indicated by the increasing prevalence across so-
cial classes of formerly elite surnames over time (Clark, 2014). The
net result of this would have been more intelligent populations
that would have been able to make rational trade-offs between fac-
tors such as numbers of children and opportunities to increase their
economic competitiveness, such as spending years in education
(Kanazawa, 2014; Meisenberg, 2009, 2014). This intelligent family
planningwould have reduced the aggregate fertility of higher-ability
Western populations relative to lower-ability populations that were
less able to solve the evolutionarily novel ‘problem’ of fertility
regulation.

ii) Life history speed slowing: Reductions in factors that cause mortality,
such as parasite stress, inadequate nutrition and both intra and
inter-group conflict, driven by innovations stemming from rising
IQ in Western populations, would have increased social stability
(Pinker, 2011). These signals of environmental stability may have
encouraged developmental life history speed slowing (i.e. the
development of amore K-type life history strategy),which is charac-
terized by the allocation of time and energy into somatic mainte-
nance, the development of lower time preferences and into
parenting, rather than into mating (Ellis, Figueredo, Brumbach, and
Schlomer, 2009). This would have resulted in reductions in fertility
(i.e. fewer numbers of better looked after children), coupledwith in-
creases in factors such as body-mass and longevity (Mace, 2000). In-
creases in standards of living throughout the world might also
account for why similar fertility patterns have spread into develop-
ing countries (Caldwell, 2001). Nevertheless, adaptive genetic differ-
ences in life history strategy between populations (Minkov and
Bond, 2015; Rushton, 2000) likely impose limits on the degree to
which life history can slow developmentally in response to en-
hanced environmental stability, which accounts in part, for the per-
sistence of the negative correlations between cognitive ability and
TFR between countries, where the latter can be taken as an indicator
of life history strategy at the cross-cultural level (Meisenberg and
Woodley, 2013; Templer, 2008).

Thenegative correlation between TFR and cognitive abilitymeasures
at the cross-cultural level mirrors the existence of negative associations
between these and completed fertility at the individual differences
level. These negative associations appear to have been present in
many Western countries since the early 1800′s, when wealth/income,
occupation/social class and education are utilized as proxies for cogni-
tive ability (Skirbekk, 2008). Presently, these negative associations ap-
pear to be nearly worldwide in extent (Lynn, 2011; Meisenberg, 2008;
Skirbekk, 2008). Despite the fact that in the West, the demographic
transition involved falling fertility levels across socio-economic groups
(Kirk, 1996), the impact on the relative fitness of those with high levels
of IQ.h appears to have been greater than on those with low levels. This
was likely a consequence of reduced infant mortality (which fell to b1%
in the 20th century; Volk and Atkinson, 2008), stemming from reduc-
tions in disease, violence and improvements in nutrition, increasing
the overall proportion of children surviving to reproductive age born
among those with lower IQ.h, coupled with more intensive fertility
regulation among those with higher levels, in response to the ever
more extensive use of contraceptives and the increasing prevalence of
opportunities to delay fertility afforded by further education and longer
work hours (Lynn, 2011; Meisenberg, 2010).

It has been estimated that within the UK and US, the selection pres-
sure stemming from the negative IQ-fertility relationship should have
reduced heritable general intelligence (i.e. the heritable variance com-
ponent associated specifically with the g factor variance in IQ tests;
g.h; Woodley and Figueredo, 2013) by around 0.39 points per decade
(Woodley of Menie, 2015).

It is important to note that these long-term within and between
population selection trends are additive and imply substantial global
IQ.h losses throughout the 20th century, especially after the second
half of the 20th century, when the within-population correlations be-
tween fertility and cognitive ability proxies, such as education, became
negative for the majority of the world's regions (Skirbekk, 2008). De-
spite this, measured IQ has actually risen throughout the world in this
time period at a rate of three points per decade (Pietschnig and
Voracek, 2015), this phenomenon having been termed the Flynn effect
(Herrnstein andMurray, 1994). Per capita wealth has also been increas-
ing in this period (Maddison, 2007). The Flynn effect is therefore para-
doxical, as phenotypic IQ, or measured IQ resulting from both genetic
and environmental influences (abbreviated to IQ.p; Woodley and
Figueredo, 2013) appears to have been rising, when in fact it should
have been decreasing – this anomaly was even termed Cattell's Paradox
(Higgins, Reed, and Reed, 1962), after the psychometrician Raymond B.
Cattell, whowas vocal in predicting IQ decline due to the low fertility of
high-IQ.p individuals, yetwas among the first to observe the Flynn effect
in attempts to test this prediction (Cattell, 1936, 1950).

1.2. The co-occurrence model

A solution to Cattell's Paradox is the co-occurrence model, which is
based on the prediction that genetic selection reduces only g.h, whereas
environmental improvements boost the levels of the environmentally
sensitive variance component of specialized abilities (termed s.e by
Woodley and Figueredo, 2013, after Spearman's [1904] use of the short-
hand ‘s’ to collectively denote the non-g variance components of each
mental ability). Consistent with this prediction, studies using the meth-
od of correlated vectors to determine the degree to which the g loading
of subtests moderates their association with other variables, routinely
demonstrate that more g-loaded ability measures are not only more
heritable (for a review of findings, see: Voronin, te Nijenhuis, and
Malykh, 2015), but also negatively correlatemore strongly with fertility
(Wang, Fuerst, and Ren, 2016; Peach, Lyerly, and Reeve, 2014;Woodley
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and Meisenberg, 2013; Woodley of Menie and Dunkel, 2015; Woodley
of Menie, Figueredo, Dunkel & Madison, 2015; Woodley of Menie,
Fernandes, Figueredo&Meisenberg, 2015).Within-populations, genetic
selection for lower IQ and heritability are therefore both Jensen effects –
their effect magnitudes being greatest when g loading is highest
(Rushton, 1998). This is consistent with evidence that the proximate
cause of the high-heritability of g stems from the action of numerous ge-
netic variants with individually small, but pleiotropic (i.e. influencing
multiple cognitive abilities simultaneously) effects (Davies et al., 2011;
Rimfeld, Kovas, Dale, and Plomin, 2015), this in turn provides selection
with a substrate on which it can operate.

A meta-analysis of the results of applying MCV to studies investi-
gating the Flynn effect by contrast revealed the presence of an anti-
Jensen effect, i.e. less g–loaded measures of cognitive ability tend to
be the ones that are most sensitive to secular gains (te Nijenhuis
and van der Flier, 2013). This is consistent with the patterns found
for other environmentally mediated cognitive improvements, such
as IQ gains due to the Headstart Program (te Nijenhuis, Jongeneel-
Grimen, and Kirkegaard, 2014), and those accrued by children due
to adoption into higher-IQ families (te Nijenhuis, Jongeneel-
Grimen, and Armstrong, 2015). Thus environmental factors seem to
primarily influence s.e rather than g.h.

The idea that g.hmay actually have declined, despitemassive simul-
taneous gains in s.e, maymake sense of certain apparently contradictory
findings. For example, despite the growth in wealth, worldwide per
capita rates of ‘disruptive’ (i.e. world-changing) innovation, along with
the eminent individuals responsible for them, have been falling since
the mid-19th century (Huebner, 2005; Murray, 2003). Furthermore,
there are possible indications of long-term secular declines in the
speed with which people process simple visual stimuli (Woodley of
Menie, te Nijenhuis & Murphy, 2015), people's capacity to recall digits
backwards (Woodley of Menie and Fernandes, 2015), the ability to dif-
ferentiate among subtle variation in colour hue (Woodley of Menie and
Fernandes, 2016), and the usage frequency of difficult-to-learn words
sampled across representative collections of text (Woodley of Menie,
Fernandes, Figueredo and Meisenberg, 2015). All of these measures re-
late to basic processes latent in g, such as processing speed and percep-
tual efficiency (in the case of reaction times and colour discrimination),
working memory (in the case of backwards digit span), long-term
memory (in the case of vocabulary knowledge) and complex problem
solving ability (in the case of innovation and genius), all of which have
real world impacts on achievement in everyday life (Kyllonen and
Christal, 1990; Rindermann and Neubauer, 2000). The co-occurrence
model predicts that each of these trends constitute manifest indicators
of an underlying decline in latent g.h – this having been termed the dys-
genesis syndrome by Woodley and Figueredo (2013, p.89).

The growth in wealth could on the other hand be driven purely by
increasing ability specialization over time via enhanced comparative
advantage. Slow life history is known to be associated with increased
cognitive specialization (Woodley, Figueredo, Brown, and Ross, 2013)
and also greater wealth (Cabeza de Baca and Figueredo, 2014). Correla-
tions have furthermore been established between the magnitude of
Flynn effects across countries and proxies for life history speed slowing
(decreasing fertility rates) in addition to wealth growth, making this
pattern of causation compelling (Pietschnig and Voracek, 2015). The
very factor that initially caused the demographic transition in Western
populations, i.e. high g.h therefore appears to have led simultaneously
to genetic selection against g.h coupled with environmental improve-
ments of a sort that encouraged slower life history – and therefore en-
hanced s.e via the Flynn effect. The fact that psychometric measures of
life history speed (such as the K factor) are virtually uncorrelated with
IQ.p at the individual differences level (Figueredo et al., 2014;
Woodley, 2011; Woodley of Menie and Madison, 2015) lends credence
to this model, as within populations, life history speed can slow, ensur-
ing both the continuity of the Flynn effect despite simultaneously declin-
ing g.h.
1.3. Objectives

The Jensen effect on the negative cognitive ability-fertility associa-
tion has been repeatedly demonstrated using individual differences
data, indicating that the g saturation of an indicator positively moder-
ates themagnitude of its associationwith fertility. Aswas discussed pre-
viously, additive heritability scales positively with the g saturation of
ability measures, thus the strength of the selection gradient in part re-
flects the heritability (which corresponds to the degree to which selec-
tion can actually gain traction on a trait) of the ability (this pattern of co-
moderation was explicitly demonstrated in Woodley of Menie and
Dunkel, 2015). The co-occurrencemodel predicts that the cross-cultural
(i.e. country level) cognitive ability-TFR relationship should also be as-
sociated with the Jensen effect. This is because, as with inter-individual
variance in IQ (Spitz, 1988), inter-population variance in IQ is typically
largest when estimated using highly g-loaded measures (Jensen, 1998;
Rushton, 1998, 1999). This accords with evolutionary theories, which
posit that the distal cause of the high heritability of g stems from it
being the primary locus on which selection acted historically and con-
tinues to act in the evolution of g (Jensen, 1998; Rushton and Jensen,
2010; Woodley of Menie, Fernandes & Hopkins, 2015).

The availability of data on the frequencies of various Single Nucleo-
tide Polymorphisms (SNPs) that are associated with regions of the
genome that code for individual differences in IQ.p and proxy pheno-
types such as educational attainment (e.g. Davies et al., 2015, 2016;
Okbay et al., 2016; Rietveld et al., 2013; Rietveld et al., 2014), permits
these evolutionary inferences to be tested. Specifically, analyses can be
conducted to look for possible indications of contemporary polygenic
selection on the cross-cultural distributions of these SNPs. Indications
of historical polygenic selection have already been found in the non-ran-
dom distributions of the cognitive ability SNPs cross-culturally. For ex-
ample, Piffer (2013) found a strong signal of population-level
covariance among the frequencies of 10 SNP hits (i.e. SNPs that are ge-
nome-wide significant predictors of variation in a given trait) associated
with educational attainment, which replicated across three genomic da-
tabases. It was also observed that the common factor score among the
frequencies of these SNPs (this is termed ametagene) strongly correlated
with country-level measures of educational attainment. A more recent
study corroborated this finding using a sample of nine SNP hits, some
of which have replicated associations with IQ.p and related phenotypes
in genome wide association studies (Piffer, 2015). Based on the results
of three, large GWAS studies with a combined sample size of several
hundred thousand individuals (Davies et al., 2016; Okbay et al., 2016;
Rietveld et al., 2013), Piffer (2016) identified various loci that have rep-
licated or quasi-replicated (the loci being in linkage disequlibriumacross
studies, clustered with a threshold r=0.5 in a 500Kb window) associa-
tions with IQ.p and educational attainment. Based to these criteria, 18
SNPs (nine pairs) were in the same genomic region and one
(rs9320913 A) actually directly replicated. A metagene constructed
from these hits permitted the recovery of a very strong signal of histor-
ical polygenic selection operating on cognitive ability across the popula-
tions sampled in the 1000 Genomes Database (The 1000 Genomes
Project Consortium, 2012). Critically, Piffer (2015, 2016) also found
that null, negative or lower-magnitude positive associations with pop-
ulation-differences in cognitive ability are present when randomly se-
lected SNPs are used instead of the hits, which suggests that the
observed distributions and associations were unlikely to be due to
chance.

1.3.1. Predictions
Based on the objectives, four predictions are made:

Prediction I) The Jensen effect observed on the negative correlation be-
tween completed fertility and measures of IQ.p at the individual differ-
ences level should also be present in cross-country data on TFR and
convergent indicators of cognitive ability.
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Prediction II) Cognitive metagene frequency should negatively predict
population differences in TFR.
Prediction III) A Jensen effect should be present on the correlations be-
tween the individual SNP frequencies and TFR, when correlated with
the vector of the loadings of the metagene onto each of the SNPs. This
would provide evidence that the signature of genetic selection, resulting
from the confirmation of prediction II, is truly polygenic in nature, as the
selection effect would be biggest on those SNPs whose frequencies co-
vary with the overall frequency of the metagene to the greatest extent.
Prediction IV) In order to test for the effects of both intelligent control of
fertility and developmental life history slowing on the distribution of
TFR, metagene frequency and measures of human development should
independently predict TFR when controlled for each other.

The final objective of this analysis will be to utilize the new country-
level general intelligence estimates computed in testing Prediction 1,
along with TFR to generate a new estimate of the predicted global de-
cline in g.h due to polygenic selection.

2. Methods

2.1. Phenotypic moderation analysis

Multiple measures of educational achievement and national IQ
(collectively national cognitive ability) have been collected for
large numbers of countries. It has been found that these measures
strongly aggregate into a g-like common factor, termed Big G or
just G (Rindermann, 2007). The 2012 PISA survey (OECD, 2014)mea-
sured four distinct cognitive abilities. In addition to mathematics,
science and reading literacy in 64 nations, it also measured creative
problem solving in 43 nations. Mathematics, science and reading lit-
eracy scores have been released for a 65th country, Puerto Rico
(Kastberg et al., 2014). Adding to these school achievement indica-
tors the psychometric national IQ estimates published in Lynn and
Vanhanen (2012b) will yield a nomologically diverse, five-indicator
G factor.

For each of these countries, data on 2014 TFR are available from The
CIA World Factbook (CIA, 2015).

Unit-weighted factor analysis will be used to specify the factor
structure a priori, which is essential to the recovery of meaningful
factor structure when case and indicator-numbers are low
(Gorsuch, 1983). This can be achieved by simply creating a compos-
ite average of the standardized ability indicators. The missing data
among the creative problem solving scale will be handled using mul-
tivariate imputation (Figueredo, McKnight, McKnight, and Sidani,
2000) in SPSS (v.21). The bi-variate correlation between each cogni-
tive ability measure and the G common factor yields the factor load-
ings for those measures. Each measure can be separately correlated
with TFR forming an effect size vector, which can then be correlated
with the vector of the G loadings on each measure, thus determining
the presence of a Jensen effect (i.e. indications of positive modera-
tion). Significance of the vector correlations is determined meta-
analytically, i.e. based on the assumption that the correct degrees
of freedom in MCV correspond to the pooled population of depen-
dent-independent variable pairings, which equals the average
sample size across paired vector elements, not the number of vector
elements (see: Woodley of Menie, Fernandes, Figueredo and
Meisenberg, 2015 for a discussion and demonstration of this). Con-
sistent with this, the vector correlations are estimated using N
weighted least-squares regressions (in SPSS v.21), where each vec-
tor element is weighted based on the number of countries that
went into its computation.

The cognitive ability data and TFR values for each country are tabu-
lated in the online Supplement (S.1).
2.2. Genotypic moderation analysis

Thus far, a handful of SNPs have been found to have statistically non-
negligible and in some cases, replicable genome-wide associations with
IQ.p and related phenotypes at the individual differences level. Piffer
(2016) utilized population frequency data on the nine SNPs that have
been found to have somewhat replicable effects across GWAS studies,
obtained from the 1000 genomes database. In the present study, fre-
quency counts are obtained for 18 population-aggregates correspond-
ing to principal country ethnicities. Data on immigrant groups (i.e.
populations from one country living in another) are excluded from the
analysis on the basis that these populations may self-select for levels
of ability that are not representative of their source populations. The
SNP frequency values for the Yoruba and Esan populations were fur-
thermore averaged to create a Nigerian composite. One of the nine
SNPs identified by Piffer (2016) exhibited a reverse loading on the
SNPmetagene. It is possible that this SNP may simply be in linkage dis-
equilibriumwith SNPs that are causal of IQ.p differences in theWestern
populations in which these association studies have been conducted. If
the linkage phase for these SNPs is different in non-Western popula-
tions, it may lead to inverse relationships owing to linkage disequilibri-
umwith lower IQ.p SNPs in these populations (e.g. Reich et al., 2001). To
control for this, in the present analysis, only the SNPs exhibiting associ-
ations with population-differences in IQ.p that are consistent in direc-
tion with their individual differences-level associations will be
retained, yielding eight SNPs in total. The standardized frequencies of
these SNPs will be aggregated into a unit-weighted metagene. The vec-
tor of themetagene loadings on each of the SNPswill then be correlated
with the vector of the SNP frequency-TFR correlations in order to test for
moderation.

The frequencies of the eight SNPs for each country are tabulated in
the online data Supplement (S.1).

2.3. Strengthening the inference of causation viamultivector co-moderation
analysis

Confirmation of Predictions 1 and 3 alone would not be sufficient to
infer the presence of a causal nexus among fertility, themetagene andG.
In order to test causal inference, it will be necessary to consider also the
association between each ability and the metagene frequency, and also
the frequencies of each SNP and the G factor. Based on the inferred pat-
tern of causation (i.e. selection is operating on G via the metagene), it
will be necessary to demonstrate positive moderation between the vec-
tors of each ability's G loading and the correlation of each of those abil-
ities with the metagene frequency. Similarly, indications of positive
moderation should also be present in the association between the vec-
tors of each SNP's metagene loading and the correlation between each
SNP and G. Thus each indicator of each latent variable can then be
shown to associate with the other in proportion to the degree to
which the loading of the indicator on its latent factor increases. It should
also be possible to use the three vectors computed for each set of indi-
cators (the cognitive and molecular variables) to extract a unit-weight-
edmultivector common factor, which should exhibit positive loadings for
each vector. All positive loadings in both cases would strengthen the in-
ference of polygenic selection on G via the demonstration of co-moder-
ation among each of the component vectors. This technique was
originally developed by Rushton (1999), who constructed amultivector
common factor from variousmeasures of inbreeding depression effects,
Black-White ability differentials, subtest g loadings and Flynn effect
magnitudes obtained for each of the subtests of theWAIS, and found ev-
idence of co-moderation among the first three vectors which was taken
to evidence a biological nexus among these variables, and a separate en-
vironmental one among the measures of the Flynn effect.

Within our sample, only a small number of countries (China, Colom-
bia, Finland, Italy, Japan, Peru, Spain, UK, USA and Vietnam) had data on
both G and metagene.



94 M.A. Woodley of Menie et al. / Personality and Individual Differences 102 (2016) 90–97
As vectors with different degrees of freedom are being combined in
the present analyses, the number of vector elements, which correspond
with the numbers of SNPs or abilities, are used as a conservative basis
for estimating significance.
2.4. Metagene frequencies and general development as independent predic-
tors of TFR

In the final analysis, multiple-regression (implemented in R 3.2.0)
will be used to determine whether metagene frequency and measures
of general social development that potentially relate to slowing life his-
tory independently predict TFR when controlled for one another. Given
the relatively small sample size (18 countries for which SNP-frequen-
cies and national IQ were also available) the analysis will be conducted
by standardizing the variables prior to entering them into regression.
This yields standardized Beta (β) coefficients in the absence of an inter-
cept, which restores a degree of freedom to the results, boosting statis-
tical power. The most widely used general societal development
measure is the Human Development Index (HDI), which is a composite
of life expectancy (a proxy for health), education and per capita income.
Each of these indicators relates to some aspect of life history speed; life
expectancy signals the level of somatic effort being allocated to
biological maintenance, education relates to the acquisition of somatic
capital and income to time preferences. These data (for 2013) are col-
lected from the United Nations Development Programme Human
Development Report (2014; data for Puerto Rico were computed sepa-
rately by Fuentes-Ramírez, 2014) and are included in the online data
Supplement (S.1).
3. Results

3.1. Prediction I

Table 1 lists the G loadings on the separate cognitive abilities along
with the ability*TFR correlations and ability*metagene correlations.
TFR was found to exhibit significant skew (skewness magnitude N1)
therefore in order to avoid possible issues of non-normality in the resid-
uals it was transformed using a natural logarithm in all analyses. The
vector correlations and multivector loadings are all listed as modular
correlations, i.e. scaled in terms of magnitude rather than direction.
The direction of latent variable moderation on the cognitive ability-
fertility association is negative in sign owing to the negative-signed se-
lection gradient being largest when latent factor loading is greatest.
Rescaling the vector correlations in terms of magnitudes therefore
yields the correct direction of moderation.
3.2. Predictions II and III

Table 2 lists the metagene loadings on the separate SNP frequencies
along with the individual SNP*TFR correlations and the correlations be-
tween SNPs and G. The modular vector correlations and multivector
loadings are also listed.
3.3. Prediction IV

Table 3 presents the results of multiple regression analysis in which
standardized measures of metagene frequency and HDI are used to si-
multaneously predict TFR in a sample of 18 countries. Regression diag-
nostics indicate that there is no problematic colinearity present, with
Variance Inflation Factor values falling below 2 in both cases. Values
below 10 are considered acceptable (Kutner, Nachtsheim, Neter, and
Li, 2005).
3.4. Estimating G losses

It should be possible to predict the decline in G.h utilizing the com-
mon factor G score and TFR values for each of the 65 countries to com-
pute a selection differential (S). This can be achieved using Vining's
(1982) formula:

S ¼ 1
N

XN

i¼1

Xi−X
� � f i

f

X and f are the mean national G and TFR of the sample, Xi and fi are
the national G and TFR of the individual countries, and N is the sample
size. To convert the phenotypic G decline predicted on the basis of the
selection differential (S) into an estimate of G.h decline, the Breeder's
equation is employed (Fisher, 1929):

R ¼ Sh2

S is the selection differential scaled as a decline in G (as computed using
the previous equation), h2 is the world-wide additive heritability of G,
and R is the responsiveness of the trait to selection, which equates to
the expected generational change in G.h given the aforementioned pa-
rameters. Both Lynn and Harvey (2008) and Meisenberg (2009) as-
sumed that it is the global IQ.h variance component that should be
declining therefore they correct their projected IQ.p declines via multi-
plication by a guesstimated worldwide IQ heritability of 0.35, which is
approximately half of the aggregate additive heritability of IQ found in
Western populations (i.e. 0.7). This guestimate is based on the assump-
tion that the larger environmental variance across countries, will sup-
press the heritability of IQ. An alternative estimate of the degree to
which country-level differences in G are genetically influenced can be
obtained via multiple-regression in which the metagene score and
HDI are used to predict national IQ, thus the degree towhich the genetic
component of national IQ predicts this parameter independently of po-
tential environmental influences stemming from differences in HDI, can
be determined. The standardized β coefficient for themetagene is 0.640
(p b 0.05,N=18). This value needs to be corrected for psychometric va-
lidity (i.e. the degree to which national IQ imperfectly measures G),
which simply involves dividing it by the G loading of national IQ
(0.94), yielding a correctedβ of 0.680. Squaring theβ yields the variance
(0.462), which can bemultiplied with S in order to rescale this in terms
of R, or losses in G.h.

A final correction to R can be made on the basis of range restriction.
The educational achievement and cognitive ability scores were sampled
across the 65 countries that participated in the 2012 PISA assessment
wave. None of the countries were sourced from regions with relatively
low ability (such as Sub Saharan Africa; Rindermann, 2013) therefore
it stands to reason that the decline estimate is attenuated by range re-
striction. This can be corrected by taking the quotient of the sample
standard deviation and a reference standard deviation from amore rep-
resentative sample. Lynn and Harvey (2008) utilized country-level IQ.p
data on 192 countries in estimating the decline in IQ.h. The standard de-
viation across their sample is 11.74. The standard deviation value across
the countries utilized in the present analysis is 6.43, which is consistent
with the presence of substantial range restriction. 6.43 divided by 11.74
yields a correction factor (u) of 0.55. Dividing the G.h decline (R) by this
u value disattenuates the estimate for range restriction. These estimates
are broken down in Table 4.

4. Discussion

Consistentwith prediction I, a small magnitude (small = 0.1 to 0.29,
moderate = 0.3 to 0.49, large = 0.5 to 1; Cohen, 1988) and also statis-
tically significant Jensen effectwas found on the cross-country cognitive
ability-TFR association (ρ = 0.251), which indicates that ability



Table 3
Multiple regression with metagene frequency and HDI predicting TFR. All variables have
been standardized prior to regression and the intercept has been eliminated (N = 18
countries).

Standardized predictor
(predicting TFR)

β Standard error t-Value p r(N|t |)

Metagene −0.339 0.122 −2.772 0.014
HDI −0.678 0.122 −5.540 b0.001
r2 (adjusted) 0.818 b0.001

Table 1
Loading of G on the abilities, along with TFR*ability correlations and the correlation be-
tween abilities and metagene. The modular vector correlations are reported along with
the loading of each vector onto a unit-weighted multi-vector common factor.

Ability G λ (1) r TFR-*ability (2) r Ability*metagene (3)

G −0.550* 0.857*
Science 0.982* −0.523* 0.906*
Mathematics 0.985* −0.572* 0.915*
Reading 0.980* −0.507* 0.898*
Creative problem solving 0.952* −0.534* 0.780*
National IQ 0.940* −0.523* 0.803*
1 1.00 0.251* 0.944*
2 1.00 0.191
3 1.00
Multivector λ 0.888* 0.633 0.873*

*P ≤ 0.05 (For G λ, and r TFR*ability, N=65 countries per ability, except for CPS, where
N = 43. For r ability*metagene, N= 10 countries per ability, except for CPS where N= 8
countries. Vector correlation 1*2 calculated by weighted correlation, therefore N = 60.4
countries. All other vector correlations and multivector λ are unweighted, with N equal
to the number of vector elements, i.e. 5).
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measures on which the G factor loads more strongly are somewhat
more sensitive to cross-cultural differences in TFR. The Jensen effect is
nonetheless smaller than has been observed in some individual differ-
ences level studies (effect sizes N0.8, e.g. Peach et al., 2014; Woodley
and Meisenberg, 2013). This may stem from low variance among the
common factor loadings (SD = 0.020; for comparison, the SD across
WAIS subtests from various manuals is 0.128; te Nijenhuis and van
der Flier, 2013), which is a known source of effect size attenuation in
studies employing MCV (Jensen, 1998).

Prediction II was also confirmed with the finding of a large magni-
tude and significant negative correlation between metagene frequency
and TFR (r = −0.726).

The finding of a large magnitude and significant Jensen effect on the
association between the SNP frequency*TFR correlation and the loading
of the metagene on its constituent SNPs (ρ= 0.816) is consistent with
prediction III.

In testing Predictions I and III, strong indications of co-moderation
are also found in the pattern of correlations among the three vectors,
and also in the loadings of these vectors onto their respective
multivector common factors, which were of large magnitude in all
cases (the smallest value of λ was 0.633 in the case of the r TFR*ability
vector in Table 1). These findings strengthen the causal inference that
polygenic selection is occurring on G.
Table 2
Loading of the metagene on the SNP frequencies, along with TFR*SNP frequency
correlations and the correlations between SNP frequencies and G. The modular vector
correlations are reported along with the loading of each vector onto a unit-weighted
multi-vector common factor.

SNP Metagene λ (1) r TFR*SNP (2) r SNP*G (3)

Metagene −0.726* 0.857*
rs1008078 C 0.296 −0.370 −0.111
rs11588857 A 0.925* −0.602* 0.887*
rs12987662 A 0.927* −0.736* 0.617
rs11712056 T 0.553* −0.602* 0.186
rs62263923 G 0.846* −0.625* 0.535
rs13294439 C 0.942* −0.732* 0.800*
rs12969294 G 0.535* −0.313 0.718*
rs9320913 A 0.778* −0.700* 0.564
1 1.00 0.816* 0.812*
2 1.00 0.385
3 1.00
Multivector λ 0.991* 0.831* 0.829*

*P b 0.05 (For metagene λ, and r TFR*SNP, N=18 countries per SNP. For r SNP*G, N=10
countries per SNP. Vector correlation 1*2 calculatedbyweighted correlation, thereforeN=
18 countries. All other vector correlations andmultivector λ are unweighted, with N equal
to the number of vector elements, i.e. 8).
Prediction IV was confirmed, as metagene frequency and HDI
were modest and large magnitude (respectively) and significant in-
dependent predictors of TFR (metagene frequency β = −0.339;
HDI β = −0.678). This suggests a potential joint role for the
metagene and HDI in generating fertility differentials between coun-
tries, consistent with the predicted impacts of the intelligent control
of fertility and developmental life history slowing hypotheses of the
demographic transition.

Taken as a whole, these data not only demonstrate the ecological
generalizability of the Jensen effect on the cognitive ability*fertility
relationship, but they also indicate for the first time that SNPs, pre-
dictive of IQ.p at the individual-differences level might presently be
under directional polygenic selection globally. This parallels a recent
finding at the individual differences level, where an educational
attainment polygenic score constructed from the ‘hits’ reported in
Okbay et al. (2016) has been found to inversely predict relative
lifetime reproductive success in a large, representative sample of
White Americans (N = 5987) born between the 1930s and 1950s,
indicating the presence of a selection pressure that should reduce
educational attainment by approximately 1.5 months of attained ed-
ucation per generation1 (Beauchamp, 2016).

The present results indicate that G.hmight be declining globally at a
rate of −0.253 points per decade. This parameter is estimated using a
similar method to that employed by Lynn and Harvey (2008), thus it
represents the decadal change in G.h of the total population, however
the value was not estimated relative to changing population growth
and therefore must be considered a ‘snapshot’ of the decline in modern
populations, which, based on the demographic growth forecasts made
by Lynn and Harvey (2008) can be expected to increase in magnitude
over the coming decades.

The expectation that genetic selection should favour lower levels
of G.hworldwide could not contrast more sharply with the co-occur-
rent and substantial growth in global wealth (Maddison, 2007). The
existence of the latter trend is a strong testament to the importance
of the Flynn effect, as ability specialization appears to have boosted
the comparative advantage of populations in a way that has permit-
ted substantial human development to occur directly in opposition
to declining G.h.

On this basis, special attention should be paid to recent instances
in which the increase in IQ.p characteristic of the Flynn effect appears
to have slowed (i.e. Pietschnig and Voracek, 2015; Rindermann and
Thompson, 2013) or even undergone secular decline (this being
the so-called anti-Flynn effect; Dutton and Lynn, 2013, 2015), as
such trends might signify a tendency towards reduced cognitive
1 Assuming a correlation between g and educational attainment of 0.7 (Ceci, 1991) and
a standard deviation in years of education of 3.05 years (36.6 months; OECD, 2013), a
1.5 month decline in ‘genotypic’ attained education per ‘standard’ 28 year generation,
would correspond to a g.hdecline of 0.885 IQpoints per generation, or 0.316 points per de-
cade, which is close to the aggregate decadal loss in g.h estimated in Woodley of Menie
(2015), i.e. 0.39 IQ points per decade.



Table 4
S: Decadal phenotypic losses in G; R: genotypic losses in G.h per decade and Ru: range restriction corrected decadal losses in G.h.

S (phenotypic decline in G per 28 year generation) S per decade R (decline in G.h per decade) Ru (decline in G.h per decade corrected for range restriction)

−0.840 −0.300 −0.139 −0.253
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specialization with respect to s.e, perhaps ultimately driven by de-
clining g.h, and may herald an era of declining human development.
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