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Since the time of Charles Spearman at the beginning 
of the twentieth century,1 it has been widely recog-
nized that performance on multiple tests of cogni-

tive ability (for example, mathematics, vocabulary, spatial 
relations) is positively intercorrelated, a phenomenon 
known as “positive manifold.” While specific cognitive 
abilities (in mathematics or vocabulary, for example) are 
undeniably important, positive manifold implies the ex-
istence of a common core ability that, because it underlies 
multiple specific abilities, is likely to have broad implica-
tions for social and educational functioning.2 This com-
mon core has been variously called “general intelligence,” 
“g,” or—our preferred term—“general cognitive abil-
ity.” In this essay, we review behavioral genetics research 
on GCA. Before describing that research, however, we 
briefly discuss why GCA is considered a fundamentally 
important dimension of behavior on which humans dif-
fer. We then summarize behavioral genetics research that 
has sought to identify and quantify the total contribu-
tions of genetic and environmental factors to individual 
differences in GCA as well as molecular genetics research 
that has sought to identify genetic variants that underlie 
inherited effects.

The Importance of General Cognitive Ability

Arguably, no psychological variable has received more 
attention from behavioral geneticists than GCA, and 

for good reason. GCA has a rich correlational network, 
implying that it may play an important role in multiple 
domains of functioning. The original measures of GCA 

were developed at the beginning of the last century in 
France by Alfred Binet and Theodore Simon to predict 
differential academic progress in school-aged children. It 
is consequently not surprising that GCA continues to be 
highly correlated with various indicators of educational 
attainment.3 Yet the predictive utility of GCA is not lim-
ited to academic achievement; it is also correlated with 
work performance, navigating the complexities of every-
day life, the absence of various social pathologies (such 
as criminal convictions), and even health and mortality.4 
Although the causal basis for these associations is not al-
ways known, it is nonetheless the case that research on 
GCA has the potential to provide insights into the ori-
gins of a wide range of important social outcomes.

Research on GCA may also help with understanding 
the origins of at least some forms of intellectual disability. 
A diagnosis of intellectual disability requires evidence of 
low cognitive functioning, usually an IQ test score of less 
than 70. Yet the 2.5 percent of individuals with IQs in 
this range represent a heterogeneous set of etiologies (see 
figure 1). A two-group model of intellectual disability was 
first introduced by J. A. Fraser Roberts but subsequently 
popularized by Edward Zigler,5 the architect of the Head 
Start program. In this model, there are two major types 
of intellectual disability. First, a minority of individuals 
with an intellectual disability have suffered some signifi-
cant and specific neurological trauma (of either genetic 
or environmental origin). Such trauma usually results in 
a moderate to severe intellectual deficit, with IQs of less 
than 50 and a distribution that is discontinuous with the 
normal distribution of IQ. Second, a majority of individ-
uals with an intellectual disability have a relatively minor 
intellectual deficit, with IQs in the 50 to 70 range. The 
IQs of this latter group are continuous with the normal 
distribution of IQ, making it difficult in most cases to 
identify a specific etiology (in other words, their deficit 
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is idiopathic) because low IQ is a result of the cumulative 
influence of the multiple genetic and environmental fac-
tors that also contribute to individual differences through-
out the full range of IQ. One reason researchers seek to 
identify the genes underlying GCA is that variants in these 
genes may play a role with the large number of individuals 
with mild and idiopathic forms of intellectual disability, 
and knowledge of that role could eventually contribute to 
helping such individuals. 

Classical Twin and Family Studies of General 
Cognitive Ability

GCA is one of the most widely studied phenotypes 
in behavioral genetics. More than thirty years ago, 

Thomas Bouchard and Matt McGue reviewed the exist-
ing literature on familial resemblance for GCA, identify-
ing more than 500 familial correlations from more than 
one hundred studies on a combined sample size of greater 
than 100,000 familial pairings.6 Although there have been 
numerous twin and family studies published since, subse-
quent research has not materially altered the pattern of fa-
milial resemblance for GCA from that reported in 1981.7 

Figure 2 summarizes the weighted 
average GCA correlations for vari-
ous familial pairings. The average 
correlation for reared-together, 
genetically identical monozygotic 
(MZ) twins is .86 (which ap-
proaches the test-retest correlation 
for the same individuals after one 
month). Whatever the causes of in-
dividual differences in GCA, they 
are clearly shared by MZ twins. 
The figure also shows that the ob-
served or phenotypic correlation 
is related to degree of genetic re-
lationship: as the closeness in the 
relationship between relatives who 
have been raised together increases, 
so does the correlation between 
their “levels” of GCA. For relatives 
that shared the same rearing or 
family environment, the different 
(and higher) observed correlations 
between more closely genetically 
related individuals suggests that 
genetics can help to explain what 
we observe. For example, if we as-
sume that MZ and dizygotic (DZ) 
twins have equally similar family 
environments, and if we remember 
that MZ twins share 100 percent of 

their DNA, whereas DZ twins share (on average) only 50 
percent of theirs, we can infer that the reason MZ twins 
are more similar with respect to GCA than DZ twins has 
something to do with their greater genetic similarity.

It is important to also recognize that DZ twins are more 
similar with respect to GCA than are full biological sib-
lings, who also share, on average, 50 percent of their DNA. 
In turn, full biological siblings are more similar than are 
parent-offspring pairs, who also share 50 percent of their 
DNA. So, these classical twin, family, and adoption stud-
ies suggest that something more than genetics—say, shared 
rearing environment or developmental stage—helps to ex-
plain what we observe. 

Behavioral geneticists conceptualize the environment as 
having two components: the nonshared environment and 
the shared environment. The nonshared environment refers 
to those aspects of the environment that contribute to dif-
ferences among children in the same home with respect to 
an observable trait like GCA. That we need such an explan-
atory variable is plain when we notice that, while MZ twins 
raised in the same environment are highly correlated with 
regard to GCA (.86), they are not perfectly or 100 percent 
correlated (1.0). The nonshared environment is the name 

Figure 1. 
Two-group model of intellectual disability

The actual distribution of IQ (depicted as a solid line) deviates slightly from a nor-
mal distribution in that there is an excess of individuals with IQs below 70, in the 
intellectual disability range. This excess is thought to represent two broad and 
distinct etiologies of intellectual disability. A minority (about 0.5 percent, depicted 
as a dotted line) of intellectual disability is due to some major neurological trauma, 
which is typically associated with the more severe levels of intellectual deficit and 
is discontinuous with the overall distribution of IQ. A majority of intellectual dis-
ability is due to the cumulative effect of multiple genetic and environmental fac-
tors and so is typically associated with mild levels of intellectual deficit that are 
continuous with the overall distribution of IQ (depicted as a dashed line).
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for that variable that can help to explain why individuals 
with the same genome and same rearing environment are 
not always the same with respect to some trait.

The shared environment comprises those aspects of the 
environment that contribute to the similarity between chil-
dren in the same family with regard to a trait. Behavioral 
geneticists have shown the influence of the shared environ-
ment for GCA in several ways. For example, genetically 
related individuals who are reared together are more similar 
with regard to GCA than individuals who are equally ge-
netically related but reared in separate homes (see figure 3); 
something is going on that makes individuals who share a 
home environment more similar than those who do not. 
Behavioral geneticists have also implicated the importance 
of the shared environment by showing that genetically un-
related siblings (that is, adopted siblings) who are reared to-
gether are more similar than genetically unrelated siblings 
who are raised apart.8

Biometric Analysis of General Cognitive Ability

Whereas qualitative comparisons of twin and fam-
ily correlations suggest that genetic factors and the 

two types of environmental factors (shared and nonshared) 
contribute to individual differences in GCA, biometrical 
genetic methods seek to quantify and formalize these im-
pressions.9 In the basic biometric model, the phenotypic or 
observed variance (a measure of the extent to which people 
differ on the trait in question) is assumed to be an addi-
tive combination of three factors: additive genetic effects 
(A); shared environmental effects (C), which correspond to 
the influence of factors such as socioeconomic status of the 
home that reared-together relatives share; and nonshared 
environmental effects (E), which correspond to the influ-
ence of factors such as peer group that differ for individuals 
reared in the same home. While the basic biometric model 
is clearly an oversimplification in that it allows for neither 
gene-environment correlation nor gene-environment inter-
action, it is generally considered to provide a useful initial 
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Figure 2. 
Average correlation for general cognitive ability among reared-together relatives as a 

function of degree of genetic relatedness  

(T. Bouchard and M. McGue, “Familial Studies of Intelligence: A Review,” Science 212 [1981]: 1055-59).

General cognitive ability is correlated not only with academic  
achievement but also with navigating the complexities of everyday  

life, the absence of various social pathologies,  
and even health and mortality.
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approximation of the relative contributions of three major 
types of influences on individual differences: A, C, and E. 
In particular, the proportion of variance associated with ge-
netic factors, which biometricians call the heritability of a 
trait, is used as an index of how important genetic factors 
are in explaining why people differ on the trait in question.

There have been three major biometrical analyses of me-
ta-analyzed twin and family correlations for GCA. Table 1 
provides a summary of these analyses in terms of the per-
cent of variance in GCA that can be apportioned among 
the three biometric components, providing an index of the 
degree to which each component contributes to individual 
differences in GCA. The results are very consistent across 
the three sets of analyses: genetic factors are estimated to 
account for approximately 50 percent of GCA variance, 
while the nonshared environmental estimate is 14 percent. 
There is only one small difference among the analyses, and 
it concerns the shared environmental estimate. In total, C 
was estimated to account for between 31 percent and 39 
percent of GCA variance in the three studies. In a study 
conducted by Bernie Devlin and colleagues, however, the 
estimate of C was partitioned into separate prenatal and 
postnatal contributions, while in the other two analyses 
only a total estimate was reported.10 In either case, the 
biometric models reaffirm the general patterns observed 
through inspection of the twin and family correlations—
both genetics and the shared and nonshared environments 
contribute to individual differences in GCA. 

The consistency of the estimates reported in table 1 
might lead some to conclude that the heritability of GCA 

is 50 percent. Behavioral geneticists recognize, however, 
that heritability is not a fixed biological constant but that 
it can instead vary across developmental age, time, and 
culture. An excellent illustration of the contingent nature 
of heritability derives from a multinational twin study of 
reading achievement.11 In this study, by Stefan Samuelsson 
and colleagues, the heritability of reading achievement 
among kindergartners was estimated to be .84, .68, and 
.33 in Australia, the United States, and Sweden, respec-
tively. The corresponding estimates for the shared environ-
mental effect were .09, .25, and .52. The lower estimate of 
heritability and higher estimate of shared environment in 
Sweden versus the other countries was attributed to differ-
ences in educational practices. Sweden does not have a for-
mal reading curriculum for kindergartners, while the other 
countries do. As a consequence, reading progress among 
Swedish kindergartners depends heavily on exposure at 
home, a shared environmental effect, while reading prog-
ress among kindergartners in the other countries depends 
more on inherited factors because all students are exposed 
to a much more homogeneous reading environment in 
their schools. Confirming this interpretation, when these 
researchers repeated the study with first graders who re-
ceived reading instruction at school in all three countries, 
the heritability of reading achievement varied in a narrow 
range between .79 and .83, while estimates of the shared 
environmental effect were all 7 percent or less.

Two factors have been consistently identified as moder-
ating the heritability of GCA. First, as people age, the heri-
tability of GCA increases, while the importance of shared 

Figure 3. 
Average correlation for general cognitive ability among reared-together versus 

reared-apart relatives

(T. Bouchard and M. McGue, “Familial Studies of Intelligence: A Review,” Science 212 [1981]: 1055-59).
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environmental influences declines. An analysis of GCA in 
10,000 pairs of twins pooled from six separate studies by 
Claire Haworth and colleagues provides a representative il-
lustration.12 In this study, twins were classified as being in 
childhood (ages four to ten), adolescence (ages eleven to 
thirteen) or early adulthood (ages fourteen to thirty-four), 
where the broad range of the latter group reflected the de-
sign of the individual studies pooled in the analysis. The 
estimate of GCA heritability increased from 41 percent in 
the youngest age group to 66 percent in the oldest, while 
the estimated shared environmental influence decreased 
from 33 percent to 18 percent. The importance of age 
moderation is further confirmed in studies of adopted sib-
lings, with an average GCA correlation of .26 in childhood 
but only .04 in adulthood.13 The decreasing shared envi-
ronmental influence on GCA is typically attributed to a di-
minishing impact of the home environment as individuals 
age and move away from their rearing homes. Alternatively, 
the increasing genetic influence has been hypothesized to 
reflect gene-environment correlational processes; as indi-
viduals age and gain increasing control over the nature of 
their sought-after experiences, they exert that control in 
a way that reinforces and thus amplifies genetically influ-
enced dispositions.14

The second factor found consistently to moderate GCA 
heritability is the socioeconomic status (SES) of the rearing 
home. In a landmark study, Eric Turkheimer (a contributing 
author in this special report) and colleagues explored SES 
moderation in a sample of young twins from the National 
Collaborative Perinatal Project.15 They found that genetic 
variation explained almost none of the observed variation 
in the poorest families but helped to explain more than 80 
percent of the variation in the richest families. Conversely, 
shared environmental variation did little to explain ob-
served variation in the richest families but a lot to explain 
variation (accounting for 60 percent of variation) in the 
poorest. This pattern of SES moderation has been observed 
in other, albeit not all, twin studies of GCA.16 These studies 
suggest that one effect of an impoverished environment is 
that it prevents children from achieving their full genetic 
potential. Further support for this explanation comes from 
a study by Jeanette Taylor and colleagues, who reported that 
the heritability of reading achievement was greater among 
twins taught by highly effective teachers than twins taught 
by relatively ineffective teachers.17 Further exploration in 

large representative samples will be required to inform us 
about which aspects of SES may be operative and whether 
the effects observed in children persist into adulthood.

The Search for the Specific Genetic Variants 
Underlying the Heritability of GCA

As the Human Genome Project progressed in the 1990s, 
researchers sought to identify the specific genetic vari-

ants implied to exist by the heritability studies. Initially, 
these attempts used “candidate genes”: researchers would 
identify one or more genes that they had reason to believe 
were relevant to the trait being studied, and they would in-
vestigate whether variation in those genes was significantly 
correlated with the trait of interest. As genotyping became 
less costly and more efficient, candidate-gene studies pro-
liferated in behavioral and psychiatric genetics. In 2009, 
Anthony Payton reviewed more than seventy different can-
didate-gene studies of cognitive function, concluding that 
the existing literature did not support many earlier reports 
of significant findings.18 Christopher Chabris and col-
leagues investigated twelve genes that, based on their own 
as well as Payton’s review of the literature, they believed had 
the strongest support for being associated with GCA.19 In 
their combined sample of nearly 10,000 individuals, how-
ever, none of the variants in these genes was significantly 
associated with GCA, documenting the general failure of 
the candidate-gene approach with GCA.

This failure has predictably led to a questioning of heri-
tability studies by critics of behavioral genetics research. 
Nonetheless, the poor record of candidate-gene studies is 
not unique to behavioral phenotypes; it is, rather, a general 
feature of virtually all traits that geneticists have studied.20 
It has been estimated that 95 percent of published findings 
of associations in human genetics are false positive results, 
presumably due to some combination of underpowered 
studies and failure to report and correct for the testing of 
multiple alternative association models.21

Fortunately, an alternative genetic association method-
ology that takes advantage of remarkable increases in geno-
typing efficiency has emerged. A genome-wide association 
study (GWAS) involves genotyping several hundred thou-
sand to several million single nucleotide polymorphisms 
(or SNPs, changes at a single point in the DNA) located 
across the entire genome. Unlike a candidate-gene study 

Variants in the genes underlying GCA may play a role in the mild and 
idiopathic forms of intellectual disability affecting many individuals. 
Identifying these genes and learning about that role could eventually 

contribute to helping such individuals. 
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that involves a specific polymorphism in a gene that some-
one has hypothesized is involved in the trait of interest, 
a GWAS allows for a hypothesis-free search of the entire 
genome for evidence of genetic association to one or more 
SNPs. The GWAS approach has resulted in the identifica-
tion of several thousand genetic associations with several 
hundred (generally nonbehavioral) clinical phenotypes.22 
Features of the findings from these early GWASs have 
implications for the feasibility of using this methodology 
with GCA. Most of the variants identified through GWASs 
have very small phenotypic effects, with the contribution 
of any specific locus being much less than 0.5 percent of 
the genetic variance.23 To detect true effects that are this 
small, researchers need to use massive samples. A successful 
GWAS typically involve consortia with pooled samples of 
100,000 or more participants, a formidable challenge for 
genetic studies of GCA.

Although amassing a sample of more than 100,000 
individuals who have been genotyped (on more than one 
million SNPs) and assessed for GCA may not be feasible in 
the near term, an alternative, proxy-phenotype approach 
has been proposed. Rather than study GCA directly, the 
Social Science Genetics Association Consortium24 elected 
to study a credible proxy variable that in modern industri-
alized societies is highly correlated with GCA: educational 
attainment (that is, years of completed education). Many 
behavioral and medical research projects assess educational 
attainment even if it is not the primary focus of the re-
search, so that the SSGAC was able to create a discovery 
sample of more than 100,000 individuals and a replica-
tion sample of more than 25,000. In their initial GWAS 
of educational attainment, several significant associations 
were found,25 and a subsequent SSGAC study established 
the validity of the proxy-phenotype approach by showing 
that three SNPs identified in a GWAS of educational at-
tainment were significantly associated with GCA in an 
independent sample.26 As expected, each of these variants 
accounted for only a very small percentage of GCA vari-
ance (about .02 percent). Even though these initial results 
are modest (the three SNPS combined account for approx-
imately .06 percent of variance in a trait with heritability 
estimates of 50 percent or more), as the SSGAC continues 
to build its pooled sample for educational attainment, it 
is reasonable to expect that the proxy-phenotype approach 
will produce additional genetic variants associated with 
GCA. The uphill struggle to link such SNPs to the biology 
of the brain will constitute the challenge for the current 
and next generation of behavioral geneticists.

Reactions to the GWAS of educational attainment have 
been mixed. A lead commentary in Science cautiously com-
mended it as an important if somewhat uncertain advance 
in our understanding of the genetics of general cognitive 
ability.27 Other commentators were not as measured or as 

constructive. The study was dismissed as “unproductive 
and misleading” in one commentary,28 while investigations 
of the genetics of intelligence were said to be “dangerously 
immoral” in another.29 Perhaps no area within psychology 
has received as much ethical scrutiny as genetics research 
on intelligence,30 and we agree that such research bears the 
burden of its early association with the eugenics move-
ment.31 Nonetheless, as the Nuffield Council on Bioethics 
concluded in its comprehensive review of behavioral ge-
netics, research like that in which contemporary behavioral 
geneticists engage helped to undermine the eugenics move-
ment by proving that eugenic policies could not achieve 
their stated goals.32 When ethical analyses have considered 
not only the potential for research on the genetics of intel-
ligence to do harm but also its potential to provide benefits, 
the balance has fallen in favor of continued research in this 
area.33
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