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Abstract

This paper provides a description of different neurological factors of the brain that may have an effect on intelligence. While intelligence is both affected by the environment and genetics, this paper primarily discusses the correlations between intelligence and brain size and intelligence and neural processing speed by looking at different experiments conducted in each area. Experimental results have shown a moderate correlation between brain size and intelligence. Speed in neural processing is also related to intelligence because it may allow for more complex circuits to be formed in the brain.
Neurological Factors Contributing to Human Intelligence

As many psychologists struggle with creating an accurate definition of intelligence, others have become more focused on attempting to discern what factors have specific causational or correlational effects on intelligence. Most agree that intelligence results from a combination of genetic and environmental factors. However, recent developments have led scientists to research the structures and functions of the brain, both of which can be inherited and affected by the environment, as it relates to intelligence. While many aspects of the brain can be examined, researchers have primarily focused on brain size and processing speed and the correlational effects they have on intelligence (Walhovd et al., 2005; Luciano et al., 2004). This paper will discuss the correlation between brain size and intelligence as observed through twin studies and racial comparisons, and it will also look at the influence of evolution on brain size. Neural processing speed can also be used to explain some of the variance observed in different intelligences.
Brain Size


The neurological system, especially the brain, is one of the first studied biological systems relating to intelligence. One of the most profound indicators that brain size and functionality is important in intelligence is the observable effects of extreme alterations within the brain (Pennington et al., 2000). These alterations include variations which lead to mental retardation, schizophrenia, Down syndrome, Fragile X syndrome, and autism. Pennington et al. (2000) conducted a study on monozygotic and dizygotic twins in an attempt to determine the impact of size variation of the brain on intelligence and its heritability. A moderate correlation was shown to exist between intelligence and cerebral volume as well as intelligence and the subcortical factor. The subcortical factor includes the white matter, basal ganglia, brain stem, hippocampus, cerebellum, and the central gray nuclei (Pennington et al., 2000). On the other hand, the cortical factor consisting of the operculum, precallosal cortex, retrocallosal cortex, insula, temporal cortex, anterior superior cortex, and the posterior superior cortex was found to have a small and non-significant correlation to intelligence. Also noted in this study was the influence of genes on intelligence.  In this twin study, the total cerebral volumes, subcortical factor, and cortical factor of one twin was compared to the other in order to determine the correlation for heredity. This comparison resulted in a correlation of r = .78 to .98 for monozygotic twins and r = .32 to .65 for dizygotic twins (Pennington et al., 2000). It is important to understand that this correlation does not necessarily mean that brain size causes intelligence or that intelligence increases brain size.

Many studies have taken place to investigate the possibility of a correlation between brain size and intelligence (Walhovd et al., 2005). As described by Rushton and Jensen (2005), most studies find a correlation of approximately r = .40. Many factors can be attributed to this relationship including the probability that larger brains have more neurons and synapses. These components may allow the brain to be increasingly more complex and efficient. Beals, Smith, and Dodd (as cited in Rushton & Jensen, 2005) measured endocranial volumes to be 1,145 cm3 in East Asians, 1,362 cm3 in Europeans, and 1,268 cm3 in African-Americans. These measurements can then be correlated to each race’s respective IQ scores of 110, 102, and 90.  The difference in cubic centimeters of brain matter is noteworthy because each cubic centimeter contains millions of brain cells and neural connections (Rushton & Jensen, 2005).

Not only can one compare brain sizes in different human beings, it is possible to study the evolutionary relationship of brain size, especially between humans and chimpanzees. Chimpanzees are the closest genetic relation to humans sharing 98.6% of all genes (Gibson, 2002). Jerison and Stephan et al. (as cited in Gibson, 2005) showed that the human brain averages 3 to 4 times larger than chimpanzees with smaller structural components being 2 to 3 times larger. From this information, some psychologists believe that increased size may allow humans to better synthesize and analyze complex problems (Gibson, 2005).

Neural Processing Speed

A more recent effort is being placed on discovering the correlation between neural processing speeds and intelligence. Walhovd et al. (2005) conducted a research experiment which established the complementary effects of cortical volume and speed-of-processing on performance intelligence. Regression analysis was used to show that 40% of the variance was explainable by cortical volume and 26% by P3a latency, a measure of processing speed. If the two are combined, there is only a shared variance of 9%; however, if they are considered to be separate from each other, the variance affecting performance intelligence is 51%. These figures provide support to the idea that processing speed and volume are partially independent of each other in their influence on performance intelligence.

Processing speed, like any other human trait, is affected by both environment and genetics. Luciano et al. (2004) performed an experiment to investigate the genes which control inspection time and choice reaction time as related to IQ scores. They found that inspection time and choice reaction time seem to be a type of fluid intelligence or ability that can be associated with a general genetic factor. These results provide support for the hypothesis that common genes have an effect on different types of cognitive processing. Genes may dictate the speed of neural transmissions in many ways including specifying the oscillation speed of neural potentials and myelination of neurons (Luciano et al., 2004).


 Recent and old studies alike have illustrated the relationships between the brain and intelligence. Brain volume has been one of the most researched areas and is found to have a consistent moderate correlation to intelligence. Support for this was provided in many studies done on different racial groups (Rushton & Jensen, 2005). As one proceeds from Blacks to Europeans to East Asians, brain size and IQ both increase. Another factor found to correlate with intelligence is neural processing speed. Speed is considered to be controlled partially by genetics and can be altered through the neural potentials and myelination of neurons. With increased speed, the brain may be better able to process more complex connections at a faster rate. Both the environment and genetics have a considerable influence on intelligence; however, as more research is being completed, knowledge on the neurological factors contributing to human intelligence may provide a better explanation and potentially causation relating the brain and certain intelligences.
References

Gibson, K. R. (2002). Evolution of human intelligence: The roles of brain size and mental construction. Brain, Behavior and Evolution, 59, 10-20.

Luciano, M., Wright, M. J., Geffen, G. M., Geffen, L. B., Smith, G. A., & Martin, N. G. (2004). A genetic investigation of the covariation among inspection time, choice reaction time, and IQ subtest scores. Behavior Genetics, 34, 41-50.
Pennington, B. F. et al. (2000). A twin MRI study of size variations in the human brain. Journal of Cognitive Neuroscience 12, 223-232.

Rushton, J. P., & Jensen, A. R. (2005). Thirty years of research on race differences in cognitive ability. Psychology, Public Policy, and Law, 11, 235-294.

Walhovd, K. B. et al. (2005). Cortical volume and speed-of-processing are complementary in prediction of performance intelligence. Neuropsychologia, 43, 704-713.
