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Abstract

Human intelligence is strongly influenced by genetic factors, but is modified by the environment in which the intellect resides. The basic structure and size of the brain is determined by genes and can be aided or hindered in development by the surrounding environment. The function of the brain, including intelligence, has a strong positive correlation with its morphology, emphasizing the unequivocal genetic control over intelligence. Genotypes sustain cognitive ability as people mature. The environment affects cognition by providing the individual with an atmosphere either conducive or destructive to the enhancement of mental ability. Genetic factors are the foundation of intelligence, but environmental factors also create noteworthy effects.
Studies of the Role of Genetic and Environmental Factors in Intelligence

The intensely debated issue of nature versus nurture in psychology extends into the realm of intelligence research. Intelligence, within the context of this paper and as commonly defined among neuroscientists, is understood as one’s overall cognitive capabilities (Toga & Thompson, 2005). Studies demonstrate that genes strongly influence intelligence, and the interaction between genes and the environment shapes an individual’s mental ability. Researchers have confirmed the heritability of intelligence and brain volume, along with other specific structures in the brain that affect cognitive ability. Also, conclusive evidence abstracted from the aging process has revealed humans’ dependency upon genes for intellectual development and maintenance (Rietveld, Dolan, van Baal, & Boomsma, 2003). Yet, without the environment acting on an individual’s genetic composition, a person could not possibly attain a typical level of intelligence. Furthermore, the type of environment in which one subsides greatly affects the intellectual production of an individual. Human intelligence is heritable and thus extremely dependent upon genetic factors but is sufficiently shaped by the surrounding environment.
Genetic Control of the Morphology and Function of the Brain

A positive correlation exists between brain volume and intellectual ability that is dependent upon genetics (Toga & Thompson, 2005). Pennington et al. (2000) found that genes significantly influence brain size, and noted a positive relationship between brain size and IQ. According to Pennington et al. (2000), total brain size is highly heritable, making the correlation between brain volume and IQ align with the hypothesis that genes indirectly affect IQ by determining the size of brain structures. 

In their study of human brain morphology, Baare at al. (2001) (as cited in Toga & Thompson, 2005) discovered that genes contributed 90%, 82%, and 88% towards individual discrepancies in total brain, gray, and white matter amount, respectively. In a study of 24 monozygotic twins, 31 fraternal twins, and 25 extra siblings, Posthuma et al. (2002) analyzed the relationship between brain volume and general intelligence, determining that the positive correlation between gray matter and intelligence, as well as the positive relationship between white matter and intellect, is solely based upon genetic causes. Thompson et al. (2003) and Haier, Jung, Yeo, Head, and Alkire (2004) (as cited in Toga & Thompson, 2005) confirmed that there are also significant positive correlations between IQ and frontal gray matter, the exact region of the brain that is most controlled by genetic factors (Toga & Thompson, 2005). The relationship between IQ and frontal gray matter is significant to understanding the central role genes play in intelligence, because the frontal brain region is crucial to working memory, planning and scheduling, and the ability to focus (Toga & Thompson, 2005). Genes not only provide the framework for intelligence, they also help maintain it. According to Rietveld et al. (2003), genetic factors are the foundation for intellectual differences, and genes also provide cognitive stability as a person ages, fending-off mental decay.  

Genetic evidence for the heritability of intelligence can easily be ascertained from twin studies. Behavioral geneticists label a trait as heritable if the fraternal twin correlation is less than that of identical twins (Toga & Thompson, 2005). Fraternal twins raised together are less similar than monozygotic twins raised separately, in terms of various mental abilities, including IQ (Toga & Thompson, 2005). Of course, monozygotic twins have identical genetic compositions while fraternal twins differ genetically, highlighting the dominance of genetic factors over environmental factors, with regards to intelligence. 

Influential Nature of the Environment on the Intellect
Genetics may overpower the environment when influencing intelligence, but the
interaction between the two forces is what provides an individual with a sculpted intellect. In fact, without gene-environment interaction, the current adult human brain could not possibly exist. The human genome contains approximately 30,000 genes and as Pennington et al. (2000) suggest, there are simply not enough genes to code for the nearly 1,000,000,000,000,000 synaptic connections in the human brain. Also, axonal branching patterns vary among cloned, and hence, genetically identical, species. Thus, axonal branching must depend on the interaction between an individual’s genes and the environment (Pennington et al., 2000). The type of environment one lives in also influences his/her intelligence. Animal studies conducted by Greenough, Fulcher, Yuwiler, and Geller (1970) and Diamond (1998) (as cited in Toga and Thompson, 2005), have shown that environmental stimulus can modify synaptic densities in the cortex, the outer layer of gray matter, of rodents raised in environments with little resources compared to rodents reared in environments with ample resources. Finally, Toga and Thompson (2005) urge that genetic factors do not guarantee high or low intelligence, because the environment can alter the effect of genetic variation. To illustrate this fact, Turkheimer, Haley, Waldron, D’Onofrio, and Gottesman (2003) (as cited in Toga & Thompson, 2005) discovered that childhood environments substantially affected IQ in poor families compared to families with higher socioeconomic status. Low-income environments positively correlated with lower intelligence quotients at a rate four times greater than that of families of higher socioeconomic status (Toga & Thompson, 2005). Thus, no matter the intellectual capability provided by a person’s genes, intellectual achievement is greatly influenced by an individual’s surroundings.

Genetics plays a pivotal role in determining intelligence, but intelligence cannot be completely separated from environmental factors. The overall size and structure of the brain is dramatically influenced by an individual’s genes. Morphology of the brain is positively correlated with intelligence, which underscores the strong effect genetic factors have on intellect. Genes not only provide the structural unit necessary for intelligence, but they also maintain the structure to ensure cognitive stability. Additional twin studies of the heritability and mental functions that genes play in intelligence, extending over large periods of time, would further clarify current hypotheses. Yet, without environmental influences upon the genetic basis for the intellect, the mature average brain would be far inferior to the current standard. The environment also interacts with genes to enable intellectual progression or impede the mind’s development. Further investigation of the trend could occur in the form of examining the intelligences of children that attend schools with low average incomes versus children that attend schools with high average incomes. Genes are the blueprints for intelligence and environmental factors make modifications to the intellectual plan.
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