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artIclE outlINE

The concept of intelligence developed from the attempt to quantify human cognitive 
abilities in the early years of the twentieth century. There is no doubt that individuals 
can be ranked in terms of their ability to complete tests of verbal and nonverbal 
ability, that is to say, the ability to use words and visuospatial constructs, as well 
as more complex capacities such as the ability to read and to handle mathematical 
symbols. These abilities develop in the course of childhood. It was discovered early 
on through multivariate analysis that a general factor of ability can be extracted 
from the performances of individuals on batteries of tests constructed to assess the 
development of cognitive ability. From these analyses emerged the concept of the 
‘intelligence quotient’, which attempts to assess the extent to which an individual 
differs from the mean of the population of his/her age group, a calculation that is 
based on a population mean of 100. Standard batteries of tests (e.g., the Stanford–
Binet and the Wechsler adult intelligence scale, WAIS) have been constructed and 
widely used both for assessing learning disability and for the purposes of educational 
and occupational selection.

Once generated, the abstract concept of ‘intelligence’ acquired an autonomous 
life that left unanswered questions concerning its reality and origin. Controversy 
centered on whether intelligence is unitary or a composite of component abilities 
and, if the latter, which of these are fundamental. 

Large inter-individual differences in intelligence exist, which are either due to 
genetic or environmental differences. Sir Francis Galton published the first scientific 
study of the heritability of intelligence in 1869. In Hereditary Genius, Galton 
described his observation that family members tend to be more alike for intellectual 
capabilities than unrelated persons. Multiple twin and family studies were conducted 
in the second half of the twentieth century which were summarized in a landmark 
study by Bouchard and McGue who reviewed all 111 twin and family correlations for 
IQ published before 1980. The mean correlation of IQ scores between monozygotic 
twins was 0.86, between siblings, 0.47, between half-siblings, 0.31, and between 
cousins, 0.15 (Bouchard & McGue, 1981,). At present heritability estimates for adult 
IQ based on twin studies are generally accepted to range from 60-80%. 

The estimated heritability of intelligence tends to increase across the lifespan, 
while shared environmental influences decrease. A possible explanation for this 
phenomenon is that the same genes might have different (larger) effects in middle/
late childhood as compared to early childhood due to differential gene expression 

2 This appendix is published as: Posthuma D, Rizzi TS. Intelligence and the’ Intelligence Quotient’.  
Encyclopedia of Genetics, 2nd edition. Editors Dr Stanley Maloy and Dr Kelly Hughes. Elsevier, Oxford, 
UK. (In press)
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regulation across developmental stages. The human biological clock switches 
genes on or off in a pre-programmed way, affecting physical development. Many 
critical maturational processes take place in the human brain during postnatal 
development; in particular during adolescence where white matter expansion takes 
place. Alternative explanations for the increased heritability later in life may be (i) 
active gene-environment correlation, where the environment becomes a function of 
a person’s genetic make-up and is estimated as part of the heritability in the classic 
twin design, or (ii) a decrease in environmental influences with age while genetic 
influences remain the same - as the heritability estimate is the proportion of genetic 
variance of the total variance this will also lead to an increase in the heritability 
estimate with age. 

The past century has yielded a handful of putative genes for intelligence, although 
none of these have been associated with intelligence unequivocally. It has become 
clear that human intelligence is influence by multiple genes of small effect and most 
likely these genes aggregate in biological pathways or functional gene groups.

The possibility that some part of the variation in intelligence is genetic raises 
the further interesting questions of whether genes important for intelligence might 
be under selective pressures. One can also ask whether the variation is specific to 
Homo sapiens or whether similar variation might be detected in other primates and 
other mammals. Several genes, such as the ASPM and Microcephalin genes that have 
been reported to show accelerated evolutionary pressure have been shown not to 
be related to intelligence. The question thus remains whether genetic differences 
between species are in fact informative for understanding the genetic basis of 
intelligence.
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