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quantities of adrenal androgens can occur because of a genetic defect in a condition called congenital adrenal
hyperplasia (CAH). Before the 1970s a similar condition also unexpectedly appeared in the offspring of pregnant
women who took various synthetic steroids. Although the consequent masculinization of the genitals can be corrected
by surgery and drug therapy can stop the overproduction of androgens, the effects of prenatal exposure on the brain
are not reversed.

Sheri A. Berenbaum, while at Southern lllinois University at Carbondale, and Melissa Hines, then at the University of
California at Los Angeles, observed the play behavior of CAH girls and compared it with that of their male and female
siblings. Given a choice of transportation and construction toys, dolls and kitchen supplies, or books and board
games, the CAH girls preferred the more typically masculine toys--for example, they played with cars for the same
amount of time that boys did. Both the CAH girls and the boys differed from unaffected girls in their patterns of
choice. Berenbaum also found that CAH girls had greater interest in male-typical activities and careers. Because
there is every reason to think parents would be at least as likely to encourage feminine preferences in their CAH
daughters as in their unaffected daughters, these findings suggest that these preferences were altered by the early
hormonal environment.

Other researchers also found that spatial abilities that are typically better in males are enhanced in CAH girls. But in
CAH boys the reverse was reported.

Such studies suggest that although levels of androgen relate to spatial ability, it is not simply the case that the higher
the levels, the better the spatial scores. Rather studies point to some optimal level of androgen (in the low male
range) for maximal spatial ability. This finding may also hold for men and math reasoning; in one study, low-androgen
men tested higher.

The Biology of Math

Such findings are relevant to the suggestion by Camilla P. Benbow, now at Vanderbilt University, that high
mathematical ability has a significant biological determinant. Benbow and her colleagues have reported consistent
sex differences in mathematical reasoning ability that favor males. In mathematically talented youth, the differences
were especially sharp at the upper end of the distribution, where males vastly outnumbered females. The same has
been found for the Putnam competition, a very demanding mathematics examination. Benbow argues that these
differences are not readily explained by socialization.

It is important to keep in mind that the relation between natural hormone levels and problem solving is based on
correlational data. Although some form of connection between the two measures exists, we do not necessarily know
how the association is determined, nor do we know what its causal basis is. We also know little at present about the
relation between adult levels of hormones and those in early life, when abilities appear to become organized in the
nervous system.

One of the most intriguing findings in adults is that cognitive pattems may remain sensitive to hormonal fluctuations
throughout life. Elizabeth Hampson of the University of Western Ontario showed that women's performances at
certain tasks changed throughout the menstrual cycle as levels of estrogen varied. High levels of the hormone were
associated not only with relatively depressed spatial ability but also with enhanced speech and manual skill tasks. In
addition, | have observed seasonal fluctuations in spatial ability in men: their performance is better in the spring,
when testosterone levels are lower. Whether these hormonally linked fluctuations in intellectual ability represent
useful evolutionary adaptations or merely the highs and lows of an average test level remains to be seen through
further research.

A long history of studying people with damage to one half of their brain indicates that in most people the left
hemisphere of the brain is critical for speech and the right for certain perceptual and spatial functions. Researchers
studying sex differences have widely assumed that the right and left hemispheres of the brain are more
asymmetrically organized for speech and spatial functions in men than in women.

This belief rests on several lines of research. Parts of the corpus callosum, a major neural system connecting the two
hemispheres, as well as another connector, the anterior commissure, appear to be larger in women, which may
permit better communication between hemispheres. Perceptual techniques that measure brain asymmetry in normal-
functioning people sometimes show smaller asymmetries in women than in men, and damage to one brain
hemisphere sometimes has less of an effect in women than the comparable injury in men does. My own data on
patients with damage to one hemisphere of the brain suggest that for functions such as basic speech and spatial
ability, there are no major sex differences in hemispheric asymmetry, although there may be such disparities in
certain more abstract abilities, such as defining words.

If the known overall differences between men and women in spatial ability were related to differing dependence on
the right brain hemisphere for such functions, then damage to that hemisphere might be expected to have a more
devastating effect on spatial performance in men. My laboratory has studied the ability of patients with damage to one
hemisphere of the brain to visualize the rotation of certain objects. As expected, for both sexes, those with damage to
the right hemisphere got lower scores on these tests than those with damage to the left hemisphere did. Also, as
anticipated, women did not do as well as men on this test. Damage to the right hemisphere, however, had no greater
effect on men than on women.
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