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Introduction





  YOU’RE FINALLY GETTING to know the new neighbors. They moved in a week ago, but you’ve had no chance to chat, which

  is surely why you didn’t notice sooner that the woman is pregnant. Very pregnant, by the looks of it.




  “How wonderful!” you croon over your common fence. “Do you know if you’re having a boy or girl?”




  Why is this always the first question we ask when learning about a new baby? The answer is simple: because sex is a big deal. Not just the act of it, but the fact of it. Of all the

  characteristics a child brings into the world, being male or female still has the greatest impact—on future relationships, personality, skills, career, hobbies, health, and even the kind of

  parent the child is likely to become. That’s why 68 percent of expectant parents learn the sex of their child before birth and why you know your neighbor is naive to answer, “We really

  don’t care, as long as the baby is healthy!”




  Most parents hope to have at least one child of each sex. We enjoy the differences between them, even as we worry about their consequences. Will this little boy, now so active and exuberantly

  affectionate, settle down enough to begin school? Will he form meaningful relationships with his friends and teachers? Will he still express his feelings or, for that matter, communicate with us at

  all when he grows up?




  For parents of girls, the fears run in the opposite direction. Here she is, so confident and full of life. Will she still dig for worms and wonder about the planets when

  she’s in secondary school? Will she be assertive enough when she gets her first job after university? Will it be any easier for her generation to juggle career and family when she grows

  up?




  Boys and girls are different. This fact, obvious to every previous generation, comes as a bewildering revelation to many parents today. Raised in an era of equal rights, we

  assume—or at least hope—that differences between the sexes are made, not inborn. We mingle comfortably with members of the opposite sex, harangue as easily about sports as cooking, and

  cheerfully compete in the workplace—all the while pretending the two sexes are more or less the same.




  Until we have kids of our own, at which point the differences are impossible to ignore.




  Like many parents, I could cite endless examples of the differences between our daughter and two sons: Julia loves shopping, while Sam and Toby can barely be persuaded to try on jeans in a shop.

  Then there was the evening not so long ago that Julia spent drawing pictures of fairies while Sam and Toby raced around the house having a light-saber battle. Even as a young toddler, Julia would

  lay all our kitchen towels on the floor and then put a stuffed animal on each one for “nappy time.” The only thing that absorbed Sam and Toby as much at that age was seeing how many

  objects they could jam inside a VCR.




  Also, like other parents today, I feel compelled to excuse this gender-typical play with the obligatory “We certainly didn’t encourage Julia to play only with girl toys and Sam and

  Toby to play only with boy toys.” On the contrary, many of our kids’ building toys—the wooden blocks, Duplos, and LEGO—were originally purchased for Julia, our oldest child.

  I try to make a point of praising the boys’ nurturing behavior—like when Sam hugs Toby or cuddles his pet gerbil—and never stand in the way of their attempts to help me cook.




  Of course, parents are never truly neutral about gender. Regardless of which toys or clothes we buy them, we cannot help but react in different ways to our sons and daughters—if only

  because of our own long experience of “male” and “female.” But still, I had thought our kids would be different. As a neuroscientist and domestic goddess dropout, I am

  hardly the typical female role model. My husband, also a scientist, fits the male type in many ways (he can fix almost anything around the house—as long as it doesn’t interfere with

  Match of the Day) but is kinder and gentler than many of the women I know.




  And yet, there they are: Julia quietly makes paper flowers or sets up her Playmobil house while Sammy launches cars off his Hot Wheels track or begs me to pitch balls to him

  outside. Even little Toby, with his clear, high-pitched voice, started steering the boy course early, judging from his toddler fascination with trucks, airplanes, balls, and any kind of electrical

  appliance.




  Yes, boys and girls are different. They have different interests, activity levels, sensory thresholds, physical strengths, emotional reactions, relational styles, attention

  spans, and intellectual aptitudes. The differences are not huge and, in many cases, are far smaller than the gaps that separate adult men and women. Little boys still cry, little girls kick and

  shove. But boy-girl differences do add up, leading to some of the more alarming statistics that shape the way we think about raising our children.




  Here’s a stark one: Boys are at greater risk than girls for most of the major learning and developmental disorders—as much as four times more likely to suffer from autism, attention

  deficit disorder, and dyslexia. Girls, for their part, are at least twice as likely as boys to suffer from depression, anxiety, and eating disorders. Boys are 73 percent more likely to die in

  accidents and more than twice as likely to be the victims of violent crimes (other than sexual assault). Girls are twice as likely as boys to attempt suicide, but boys are three times likelier to

  succeed at it.




  On the academic side, girls of all ages get better marks than boys. Women now constitute the majority of undergraduates in U.K. universities (54 percent). And yet, in spite of their educational

  gains, the employment rate for men in the U.K. is 79 percent, compared to 70 percent for women, and their median hourly pay is still 12.6 percent higher than that of women.




  Sex1 matters. As much as we may strive to treat them equally, boys and girls have different strengths and weaknesses and face very

  different challenges while growing up. Boys are more vulnerable early in life: they mature more slowly, get sick more often, and are less likely to have mastered the language, self-control, and

  fine motor skills necessary for a successful start in school. In recent years, as academic expectations have intensified, boys’ slower start is stretching into a significant handicap even

  into the secondary school and university years, where they trail girls in graduation rates and academic performance.




  Girls pull through the early years more easily than boys, hitting their vulnerable phase around puberty, when their confidence slips, their maths and science interests wane, and young womanhood

  comes to be defined by beauty and submissiveness. Then, after girls navigate the minefield of adolescence, they face even greater challenges out in the real world, where they struggle with the

  contradictions of ambition and femininity and the conflicting values of the workplace and child rearing.




  These differences between the sexes have real consequences and create enormous challenges for parents. How can we support both our sons and daughters, protect them, and still treat them fairly

  when their needs are so very different?




  I study the brain and believe we can’t even hope to tackle these issues until we know where the differences come from. What is going on inside boys’ and girls’ heads that

  triggers such different interests, emotional reactions, and mental abilities? Are male and female brains fundamentally different from each other? Are boys and girls wired differently from

  birth?




  When I set out to answer these questions, I figured it would be simple: just dig up the studies that compare boys’ and girls’ brains and link any differences

  between the two sexes to their emerging verbal, emotional, mathematical, and other skills. In this way, I would be able to paint a clear picture for readers of how the brain develops in pink and in

  blue.




  As a biologist, I know that the different hormones boys and girls are exposed to before birth can exert powerful effects on their later behavior. The receptors for such hormones are present in

  children’s brains from an early age, where presumably they act—along with a handful of sex-specific genes—to shape the neural circuits that eventually underlie these boy-girl

  differences.




  But what I found, after an exhaustive search, was surprisingly little solid evidence of sex differences in children’s brains. Sure, there are studies that do

  find differences, but when I looked closely at all the data—not just the research that confirms what we already know about boys’ and girls’ behavior but a truly balanced

  collection of findings—I had to admit that only two facts have been reliably proven.




  One is that boys’ brains are larger than girls’; somewhere between 8 and 11 percent larger, depending on the study. This difference is present throughout life and can be a source of

  humor or defensiveness (depending on your sex), but it’s conspicuously similar in magnitude to males’ greater height and weight at birth and in adulthood.




  The second reliable fact is the difference that shows up around the onset of puberty: girls’ brains finish growing about one to two years earlier than boys’. Again, this mirrors the

  overall sex difference in children’s physical growth, since girls also enter puberty a year or two before boys do.




  I suppose one could weave all kinds of theories about how having a bigger brain makes boys more active, physically aggressive, and skilled at spatial and mechanical tasks. It’s harder to

  figure out how having a smaller brain explains females’ verbal and interpersonal advantages. The fact that girls’ brain size peaks earlier than boys’ does suggest some

  overall faster program of maturation. But there is precious little evidence to support this from electroencephalography (EEG) or any other measures of actual brain activity.




  The reality, judging by current research, is that the brains of boys and girls are more similar than their well-described behavioral differences would indicate. Certainly, there are some data

  showing subtle sex differences in children’s sensory processing, memory and language circuits, frontal-lobe development, and overall neural speed and efficiency. Throughout the book, I will

  evaluate such findings and explain their implications for children’s behavior. But overall, boys’ and girls’ brains are remarkably alike. Just as boys’ and girls’

  bodies start out more androgynous than they end up in adulthood, their brains appear to be less sexually differentiated than adult men’s and women’s.




  This doesn’t mean, however, that neuroscience can’t teach us something about sex differences in children. It can teach us plenty. To see that, we must turn to another branch of brain

  science, a newer area that happens to be where my own research is focused.




  It is the study of plasticity, an admittedly ugly term used to describe the very beautiful fact that the brain actually changes in response to its own experience.

  Just as petroleum-based plastics can be molded into endless varieties of shopping bags, milk jugs, pipe fittings, playground equipment, and more, so are our brains fantastically capable of

  modifying themselves to the jobs at hand. Every physical feature of the human nervous system—the brain cells, or neurons, that transmit information; their axons and dendrites that reach great

  distances to connect with one other; the tiny synapses that are the actual sites of connection; and the supporting cells, or glia, that keep it all going metabolically—responds to life

  experiences and is continually remodeled to adapt to them. The brain changes when you learn to walk and talk; the brain changes when you store a new memory; the brain changes when you figure out if

  you’re a boy or a girl; the brain changes when you fall in love or plunge into depression; the brain changes when you become a parent.




  Plasticity is the basis of all learning as well as the best hope for recovery after a brain injury. And in childhood, the brain is far more plastic, or malleable, than it is at any later stage

  of life—wiring itself in large measure according to the experiences in which it is immersed from prenatal life through adolescence.




  Simply put, your brain is what you do with it. Every task you spend time on—reading, running, laughing, calculating, debating, watching TV, folding laundry, mowing grass, singing, crying,

  kissing, and so on—reinforces active brain circuits at the expense of other inactive ones. Learning and practice rewire the human brain, and considering the very different ways boys and girls

  spend their time while growing up, as well as the special potency of early experience in molding neuronal connections, it would be shocking if the two sexes’ brains didn’t work

  differently by the time they were adults.




  So it’s all biology, whether the cause is nature or nurture. Sex differences in behavior must be reflected as sex differences in the brain, but the older children are, the less

  confidently their differences can be ascribed exclusively to genes and hormones. There are, to be sure, a few truly innate differences between the sexes—in maturation rate, sensory

  processing, activity level, fussiness, and (yes!) play interests—which I will describe in detail in the next few chapters.




  However, the male-female differences that have the most impact—cognitive skills, such as speaking, reading, maths, and mechanical ability; and interpersonal skills,

  such as aggression, empathy, risk taking, and competitiveness—are heavily shaped by learning. Yes, they germinate from basic instincts and initial biases in brain function, but each of these

  traits is massively amplified by the different sorts of practice, role models, and reinforcement that boys and girls are exposed to from birth onward.




  Scientists themselves no longer pit nature and nurture against each other as distinct, warring entities but appreciate that they are intricately interwoven. Obviously, boys and girls come into

  the world with a smattering of different genes and hormones. But actually growing a boy from those XY cells or a girl from XX cells requires constant interaction with the environment, which begins

  in the prenatal soup and continues through all the choir recitals, football games, secondary school science classes, and playground politics that ceaselessly reinforce our gender-divided

  society.




  Biologists refer to this interaction as epigenetic—the environment acting on or through our genes—and every human attribute is shaped in this way. Height, for example, is

  strongly determined by genes, and yet no matter the genetic potential, a child cannot grow tall if he or she is undernourished. Weight is another example that’s strongly biased by genes but

  ultimately determined by a child’s diet, eating habits, and environment (which is now, in many parts of the world, absurdly calorie-laden). Mental traits are even less heritable than height

  and weight—typically around 50 percent for most measures of intelligence and personality—but this genetic potential too is meaningless outside of the environment in which it

  develops.




  Consider language, our most distinctly human ability. Every healthy child is born with special areas, usually in the brain’s left hemisphere, that give him or her the innate capacity to

  understand and produce speech. But actually molding these areas into a full-fledged linguistic circuit depends on language itself—on a baby hearing literally millions of words in meaningful

  contexts throughout the first few years of life. We know this because children who are born deaf suffer permanent language deficits if their deprivation lasts beyond the first several years. The

  areas of the brain that are innately biased for language simply do not develop into this circuit in the absence of normal language experience.




  Deafness is the most extreme example, but the power of experience is evident in all children, whose native languages and dialects reflect the wiring of their brains in response to the precise

  languages they’re reared in. That’s why a baby can be adopted halfway around the globe from where he or she was born and grow up sounding just like his or her

  adoptive community. We call this early learning phase the critical period, and it begins at birth and ends around puberty. Adults can learn new languages, of course, but it is hard, hard

  work—nothing like the effortless, instinctive learning that takes place in early childhood—and the results are nearly always less than perfect.




  Growing up as a boy or girl is a lot like being immersed in one of two different languages from birth. Boys’ and girls’ brains are not identical from the start—the few extra

  genes on a boy’s Y chromosome2 harness a cascade that clearly influences later behavior and, presumably, underlying brain structure. But fully

  developing the mental characteristics known as male and female also depends on each child’s automatic immersion into either the male or female culture, each one as powerful as the lullabies

  we sing and the nourishment we provide.




  Admittedly, this is not the story parents have been hearing in recent years. If you’ve read anything about boy-girl differences, you’ve probably become convinced

  that scientists have discovered all kinds of disparities in brain structure, function, and neurochemistry—that girls’ brains are wired for communication and boys’ for aggression;

  that they have different amounts of serotonin and oxytocin circulating in their heads; that boys do maths using the hippocampus while girls use the cerebral cortex; that girls are left-brain

  dominant while boys are right-brain dominant.




  These claims have spread like wildfire, but there are problems with every one. Some are blatantly false, plucked out of thin air because they sound about right. Others are cherry-picked from

  single studies or extrapolated from rodent research without any effort to critically evaluate all the data, account for conflicting studies, or even state that the results have never been confirmed

  in humans. And yet such claims are nearly always presented to parents, with great authority, as well-proven and dramatic facts about boys’ and girls’ brains, with seemingly dire

  implications.




  For now, I want to point out one particularly insidious way in which neuroscience has been misused: this is the idea that the brain’s sex differences—most of

  which have been demonstrated in adults only—are necessarily innate. Ignoring the fundamental plasticity by which the brain learns anything, several popular authors confuse brain with

  nature, promoting the view that differences between the sexes are fixed, hardwired, and predetermined biological facts.




  Psychologist Michael Gurian is perhaps the most prominent of those stressing the nature side as being responsible for boys’ and girls’ different troubles. Much the same tack is taken

  by physician Leonard Sax, who trumpets “biologically programmed” differences in his book Why Gender Matters. And consider this from psychiatrist Louann Brizendine in her recent

  book The Female Brain:




  

    

      

        The female brain has tremendous unique aptitudes—outstanding verbal agility, the ability to connect deeply in friendship, a nearly psychic capacity to read faces and

        tone of voice for emotions and states of mind, and the ability to defuse conflict. All of this is hardwired into the brains of women. These are the talents women are born with that many men,

        frankly, are not.


      


    


  




   




  All I can say is “Thank goodness I’m a woman!”




  No question, the tide has turned: sex differences in behavior are widely known and well accepted. We no longer pretend that men and women, boys and girls are fundamentally the same. And

  somehow—reflecting our current infatuation with genetics, as well as the convenient fact that neither sex appears globally smarter than the other—we have become comfortable with

  attributing these differences to innate, inborn, intrinsic, or hard-wired causes.




  But how did we get from accepting the different strengths and weaknesses of each sex to assuming these differences are fixed by nature?




  The answer lies in a fundamental misunderstanding of biology. Yes, men and women are different. Yes, their brains are different. (They pretty much have to be, if you take the modern scientific

  view that the brain is responsible for all thoughts and feelings.) But—and this is the point lost on most popular interpretations of neuroscience—nearly all of the evidence for sex

  differences in the brain comes from studies of adult men and women. Who’s to say that such differences are caused by nature and not by learning—by the thirty or so years of

  living as a male or female that any research subject invariably carries into the MRI scanner?




  Sex differences in the brain are sexy. You can hardly pick up your favorite magazine without coming across some reference to this research. It gives an easy explanation for the bewildering

  Mars/Venus gaps we find so amusing: why men can’t multitask and women can’t read maps; why men love Top Gear and women have their chick flicks. So any time researchers put a

  bunch of men and women in MRI machines and find some difference between their brains, we say, “Aha!”—as if that explains everything.




  But there are some serious problems with the research on sex differences in adults and many more when this research is extended to children. One problem is what statisticians

  call the file-drawer effect—the fact that a study finding a statistically significant difference between men and women is simply more interesting and, therefore, more likely to be

  published than a study finding no difference (leaving the more boring no-difference result to languish in researchers’ file drawers).




  Another problem, which is also due to the sexy nature of this research, is that such data rarely get verified before they hit the media. Take one claim that has been widely reported in the

  popular literature: that the corpus callosum, the major fiber bundle that connects the two sides of the brain, is proportionally larger in women than men. This finding was first published in 1982

  in the prestigious journal Science, even though it was a tiny study based on five female and nine male brains. No matter. U.S. TV talk show host Phil Donahue soon proclaimed it the basis

  for “women’s intuition,” a remark echoed in both Time and Newsweek magazines.




  What the news media has not reported, however, is the conclusion of an authoritative 1997 review of fifty such studies, which collectively found no significant sex differences in the corpus

  callosum of adults. Nor have more recent studies detected any difference between the corpus callosum of boys and girls or between male and female fetuses. The point is: real data don’t matter

  if educators and psychologists can find some nugget somewhere that confirms their preexisting theories. So you can still find Michael Gurian and Leonard Sax talking about the corpus callosum in

  relation to differences between boys’ and girls’ learning. For the record: the corpus callosum does not differ between boys and girls in any meaningful, statistically

  significant way.




  Also for the record: there is a lot of good research on sex differences in the adult brain—research that has been replicated in different labs around the globe and

  that may have important implications, especially for treating diseases like depression, ADHD, Alzheimer’s, schizophrenia, and drug addiction.




  But when it comes to differences between boys and girls, and even most psychological gaps between men and women, the fact is that the gaps are much smaller than commonly believed and far from

  understood at the level of the brain or neurochemistry.




  I promise I won’t get too technical in this book, but there is one statistic we cannot avoid if we’re really going to tackle this thorny topic. It’s called, simply, d,

  for “difference value.” You calculate it by subtracting the mean score of females on a given test from the mean score of males and then dividing the result by the standard deviation of

  both groups (which is basically a measure of the overall spread of abilities, or the width of the curve).




  The d values range from small positive to small negative numbers: d is positive for traits or skills at which males outscore females, and d is negative for traits or skills at which females

  outscore males (a convention that may strike females as offensive). Also by convention, differences are considered small when the the d value is around 0.2 (either positive or negative), medium

  when the d value is around 0.5, and large when the d value is 0.8 or higher.




  So how big are the behavioral and psychological differences between males and females? Much smaller, it turns out, than our physical differences are and, notably, quite small compared to the

  range of performance within each sex.




  On page 12, for example, are graphs showing the distribution of measures for two traits, one with a d value of 2.6, and one with a d value of 0.35. The curves on the left show the difference

  between the sexes in adult height, a gap that is considered very large because the six-inch difference between men’s average height (5 feet 10 inches) and women’s average height (5 feet

  4 inches) is considerably greater than the 2.3-inch standard deviation that describes the spread of each curve.3
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  Figure 0.1. Distribution of performance for two traits that differ with d values of 2.6 and 0.35, respectively. Females are represented by the dashed curve,

  males by the solid curve. Mean score for each sex is shown by the vertical line at the middle of the curve. The graph on the left shows the sex difference in adult height, which is considered very

  large and for which there is little overlap between men and women. The graph on the right shows the distribution for a sex difference with a d score of 0.35, which is actually on the large side for

  many psychological differences. Note that the curves overlap extensively. Of the many psychological sex differences that have been repeatedly measured, 77 percent are smaller than the

  difference between the curves on the right.




   




  A very large difference like height is obvious, noticeable, and has predictive value. If I told you that a relative of mine is six feet tall, you’d likely guess that that person is male,

  and you’d be correct. (My brother and dad are both this height, though come to think of it, I had an aunt who was also six feet tall.) There is not much overlap between the curves of male

  adult height and female adult height, even though we all somehow manage to drive the same cars and sleep in the same beds.




  Now consider the curves on the right, which show a small-to-moderate difference. The d value of 0.35 in this graph is close to what’s seen in measurements of sex differences on

  standardized science-test scores or (if the male-female curves were swapped) in evaluations of verbal fluency (that is, the speed and accuracy of speech). The curves obviously overlap through most

  (76 percent) of their range, and the difference between average males and average females is small compared to the ability range within each sex. This means that, in spite of our group differences,

  plenty of women are better than the average man at science, maths, and asserting their opinions, while loads of men outperform the average woman at speaking, reading, and deciphering other

  people’s feelings. More important, the wide range within each sex and the substantial overlap between sexes mean that you can never use these data to make predictions

  about individuals—that Johnny will have trouble learning to read or controlling himself in the classroom, or that Susie will struggle with fractions or is too timid to play hockey.




  According to Janet Hyde, a psychologist at the University of Wisconsin in the U.S. who’s dedicated her career to quantifying the various differences between the sexes, only a limited

  number of sex differences even make it out of the small range. Out of 124 extensively analyzed psychological traits that show differences between men and women—from self-esteem and moral

  reasoning to aggression, throwing ability, sex drive, and all types of academic skill—96 were in the small-difference range, with d values of less than 0.35. Dr. Hyde titled her article

  “The Gender Similarities Hypothesis” to emphasize the fact that for most psychological traits, sex differences are quite small, and, fundamentally, men and women are more similar than

  different.




  Or as others have succinctly put it: “Men are from North Dakota, women are from South Dakota.”




  There’s no question that small differences can add up, especially at the extreme ends of the curve, where there is much less overlap between the sexes. This distribution helps explain why

  issues like dyslexia, ADHD, and anxiety disorders affect one or the other sex more profoundly. And at the other end of the curve, it may also explain why so few women make it into the most elite

  ranks of mathematics and science, an argument former Harvard president Larry Summers famously put forth to explain the limited number of women professors in these fields.




  But the problem with focusing on extremes—and the reason Dr. Summers ran into trouble for invoking them—is that it gives a warped sense of the typical differences between the vast

  majority of boys and girls, and men and women. Sex differences between the mean male and female are nowhere near as great as those between the extremes, but it’s only the

  extremes that make headlines—an all-girls list of top-ranking students or an all-boys quiz team or special-education class. These are the noticeable differences that set people off and fuel

  the idea that children’s abilities are limited from the outset by the X or Y chromosomes they inherit.




  In other words, focusing on extremes leads to stereotyping. Our big, magnificent human brains love to find categories in the world, and so any time people see a difference, especially one as

  emotionally significant as sex, we tend to exaggerate it.




  Stereotyping harms both sexes, though women have traditionally been the ones more wary of it. I remember well at the beginning of my own scientific career, during a seminar

  about the effects of sex hormones on brain cells, some prominent scientists stood up to protest the findings as “dangerous” and “pointless,” given their potential for

  misuse. Just imagine, the argument continued, what would happen if neuroscientists started publishing articles about differences between the brains of blacks and whites.




  But the tide has turned dramatically in the last twenty years, ironically because of the new focus on women’s intellectual strengths: the verbal and relational skills that Louann

  Brizendine boasts about and which most people agree balance the spatial and analytical strengths of men. When you put these together, it’s clear neither sex beats the other. So what’s

  all the fuss?




  The downside of this emphasis on difference equality has been a brand-new wave of stereotyping, fueled by the careless proselytizing of Brizendine, Gurian, Sax, and others. The true, small size

  of the differences are ignored, replaced in our categorizing minds with large Mars/Venus chasms, which parents and teachers accept as facts and believe they can do nothing about.




  Unlike a generation ago, when parents actually worried about stereotyping their children, the new focus on nature seems to be encouraging parents to indulge sex differences even more avidly.

  Boys and girls are identified in utero and the nurseries painted to match months before birth. From girls’ preschool ballet lessons and makeovers to boys’ junior football, rugby, and

  cricket leagues, our world is in many ways more gender divided than ever. The more we parents hear about hard-wiring and biological programming, the less we bother tempering our pink or blue

  fantasies, and start attributing every skill or deficit to innate sex differences. Your son’s a late talker? Don’t worry, he’s a boy. Your daughter is struggling with maths?

  It’s okay, she’s very artistic.




  Even teachers are now preaching the gospel of sex differences, goaded on by bad in-service seminars, by so-called brain-based learning theories, and, perhaps, by the chance to excuse their own

  lack of success with one or the other gender, usually boys.




  And fueling it further is the massive pink-versus-blue (or make that pink-versus-Nintendo-black) marketing of dolls with ever thinner waists and action figures with ever broader shoulders. While

  some parents still fight valiantly to avoid stereotyping, the larger culture has embraced it with a vengeance. In today’s hypermarketed world, what niche is easier to

  exploit than male or female? We now have magazines, films, and even entire TV channels dedicated exclusively to men or to women, slicing the culture into ever more gender-segregated pieces. And

  kids, our most naive consumers, eat it up. They have their own endless TV shows, DVDs, and websites—a round-the-clock indoctrination into the world of brave, cheeky boys and cute, squeaky

  girls well before they even start primary school.




  Even today’s university students embrace the differences more than the students of a generation ago. For twenty-five years, sociologist Lloyd Lueptow has administered the same survey about

  sex roles to his classes at the University of Akron, U.S. In spite of the dramatic changes in women’s achievement over this period, university students today actually perceive

  greater differences between men and women than students did in the 1970s, especially when it comes to the labels “sympathetic,” “talkative,”

  “responsible,” “friendly,” and “affectionate.” And although women are in-arguably more athletic and ambitious than a generation ago, university-age men grant

  them only greater “decisiveness” while viewing themselves as more “aggressive,” “adventurous,” and “self-confident” than male university students

  rated themselves in the 1970s. So even though objective measures—such as maths scores, sports participation, and postgraduate enrollments—show that many differences between the sexes

  have decreased over the past several decades, society’s beliefs about male-female differences have actually become more exaggerated.




  We love this stuff. It’s fun to be different. It makes romance more exciting and provides endless fodder for late-night comedians. But there’s enormous danger in this

  exaggeration of sex differences, first and foremost in the expectations it creates among parents, teachers, and children themselves. Kids rise or fall according to what we believe about them,

  and the more we dwell on the differences between boys and girls, the likelier such stereotypes are to crystallize into children’s self-perceptions and self-fulfilling prophecies.




  My goal is to do just the opposite: to present the real magnitude and multiple causes of sex differences in children; to better expose the full range of human potential and the

  many domains of intelligence that merit cultivating in both sexes.




  This book takes a chronological tour of sex differences at each stage of development, from conception through adolescence. At each point, I’ll explain what’s

  known about differences in the brains and behaviors of boys and girls, as well as the relative roles of genes, hormones, and environment in creating those differences. Based on this information,

  I’ll suggest specific ways that parents and teachers can help narrow the more worrisome gaps.




  Boys and girls do have different interests, abilities, and personalities, which is part of the fun of having children of both sexes. But what boy or girl, or man or woman, wouldn’t be more

  successful with a fuller deck of cognitive and emotional skills? Studies of gifted teenagers confirm that intelligence and academic excellence are associated more with cross-gender abilities and

  less with stereotypical gender roles. There can be no doubt that success in our world increasingly requires a mixture of male and female strengths—speaking, reading, writing, maths, spatial

  ability, mechanical dexterity, and physical skills, along with equal measures of empathy and ambition, diplomacy and assertiveness. The earlier we can step in and tweak kids’ growing neurons

  and synapses, the better our chances of raising both boys and girls with well-balanced sets of skills.




  The task is not simple. Some sex differences are most prominent in early life and then fade as they are trained out of children. Others emerge quite gradually and reach their peak in adulthood

  as boys and girls grow into their different niches. Nature exerts its pull at all ages, but what is most important is how children spend their time. The more similar boys’ and

  girls’ activities are, the more similar their brains will be. That’s why, as we’ll see throughout this book, the cognitive and academic differences between boys and girls tend to

  be much smaller than their interpersonal and recreational differences. Children are explicitly taught how to read and calculate but not how to take risks or express their emotions. While we

  can’t erase—nor would we want to—all the differences between boys and girls, it’s clear that the size of the gaps depends on what parents emphasize and how teachers

  teach.




  Nor is the pattern of sex differences as simple as most people assume. Hidden among the obvious differences are some surprising exceptions and a lot of underlying similarities. Yes, we can

  measure average boy-girl differences in activity levels, empathy, reading, and maths scores. But these generalities obscure important subdomains that each sex excels at—such as boys’

  rich vocabularies, girls’ talent for arithmetic calculation, and the unique though sometimes troublesome brands of competition and aggression that members of each sex engage in.




  So it’s time to get specific in our discussion of sex differences, to move beyond the broad stereotypes to a more precise understanding of

  how boys and girls differ. Only then can we determine how such differences emerge and decide what best to do about them.




  The real story starts in the womb, the topic of chapter 1, where we’ll see how a few genes and hormones kick off the sexual differentiation of both brain and body. We’ll also

  consider ways in which boys and girls are detectably different before birth. Chapter 2 looks at sex differences in newborns, the only age at which the differences can unambiguously be attributed to

  nature, but also the point when powerful social learning begins. Chapter 3 focuses on the toddler and preschool years, when children themselves first become aware of gender. The differences at this

  age are in some ways more dramatic than at any other time of life. Chapter 4 compares girls and boys at the beginning of formal schooling, a critical time for forging academic identities. In each

  of these chapters, we’ll explore the true magnitude of boy-girl differences, observe the advantages and disadvantages of each sex’s interests and play styles, and find ways to

  capitalize on the nurture side to help both boys and girls develop more fully.




  Our developmental trajectory continues in the second part of the book, though with a special emphasis in each chapter. Chapter 5 focuses on language and literacy skills, a dominant factor in

  children’s early school success and an area of special concern for boys. Chapter 6 looks at maths, science, and technical skills, which begin diverging between the sexes somewhat later and

  remain challenging for many girls. Chapter 7 takes aim at the emotional and interpersonal differences between boys and girls, which are not taught in school but arguably factor in even more

  importantly than all the academic gaps we monitor so closely. Such differences are generally modest in early childhood but grow more dramatic after puberty, an age when nature (hormones) and

  nurture (peer environment) become inextricably tangled. I end, in chapter 8, with some perspective on how gender gaps have morphed in recent years, as well as an evaluation of the relative

  advantages of co-ed versus single-sex schools for dealing with those gaps.




  Boy-girl differences have always been fodder for controversy, but in the last two decades, the topic has taken a sour political turn. It started with the increase in anorexia

  cases among girls, when people worried about girls’ crashing self-esteem and their lack of attention from teachers in school. That movement served a valuable purpose, but

  all the focus on girls was interpreted by some as a “war on boys” cooked up by feminists. Now we’re racked by an epidemic of “boys adrift”—inattentive,

  unmotivated, and unable to compete with girls academically or to launch themselves beyond their parents’ protection.




  It’s time for a truce. The problem with each crisis is that it has demonized the other sex, pitting boys and girls against each other, as if learning and achievement were zero-sum games.

  The truth, however, is that neither sex is in serious trouble. Yes, there remain some conspicuous gaps between boys and girls, the causes and remedies of which we’ll address throughout this

  book. But the difference in achievement between the sexes remains much smaller than the gaps in achievement among different racial and economic groups, where we should no doubt be directing more of

  our energy. Nor have the gender gaps changed precipitously in the last two decades. In fact, both sexes are earning higher marks, completing secondary education at higher rates, and attending

  university in greater numbers than ever before. Neither sex is sinking into the abyss predicted by each wave of crisis books.




  As a mother of both a daughter and sons, I believe we’ve got to find a better balance. Both sexes have their strengths and vulnerabilities, their easy and troublesome periods while growing

  up. The reason for studying sex differences is not to tally up who’s winning or losing but to learn how to compensate for them early on, while children’s brains are still at their most

  malleable. How can we help boys express their feelings, learn to read and write better, and feel at home in the school classroom? How can we help girls stay confident in maths, learn how to read a

  map, and embrace technology and competition?




  A better understanding of sex differences and neural plasticity can help us raise better children—teach us how to make the most of their strengths and help forestall their weaknesses.

  Piecing together the different influences at each stage is the only way to truly understand them, equalize opportunity between the sexes, and, ultimately, bring out the best in every child.
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      Pink and Blue in the Womb


    


  


  


  YOUR PERIOD IS ONLY one day late, but you can’t wait any longer. You do the test, waking up to pee on a stick at 6 A.M.

  Then you wait, smiling nervously while your husband stares at the result window that’s shaking subtly in your hand. Finally, some faint lines begin to emerge. You flash back and forth between

  the tester and the instruction diagrams. . . . It’s looking good. Yes, it’s definitely looking like a positive. Your eyes meet. It’s going to happen! You’re going to have

  another baby!




  “Oh, please, let it be a boy this time,” your husband blurts out; it’s still too early in the day for him to keep his deepest wish in check. You share his hope, your two

  daughters having satisfied all your frilly-dress dreams.




  Home pregnancy tests are amazing, but they can’t yet tell the sex of a baby. That’s partly because the earlier it is in pregnancy, the less difference there is between the sexes.

  Boys and girls are identical for the first six weeks4 of development. While many expectant parents begin fantasizing about one or the

  other sex from the very beginning of pregnancy, the embryo itself appears conspicuously uncommitted.




  Sexual differentiation begins about midway through the first trimester but isn’t obvious by ultrasound until the end of that trimester, at the absolute earliest. Fetuses take their time

  before presenting themselves as clearly male or female on the outside. Inside their brains, sexual differentiation is slower still.




  Nonetheless, differences in the brain and mind do take root before birth. You can’t see it in an ultrasound scan or hear it in the fetal heartbeat, but boys’ and girls’ brains

  are influenced in the womb by their different genes and hormones. We know this from their different medical risks and especially from studies of children who for some reason were exposed to

  abnormal levels of sex hormones before birth. For eons, old wives have claimed that there are ways to tell the difference between male and female pregnancies, and there is some reason to think this

  may be possible, even if the methods are not yet rigorously proven.




  In this chapter, we’ll explore the fascinating process of sexual development before birth. How do the sex chromosomes work? When are the sex hormones, including testosterone and estrogen,

  first produced? Are there any differences in the behavior or abilities of boy and girl fetuses? Is there any truth to the folklore about differences between male versus female pregnancies? And most

  important, what is the impact of these first nine months on the later differences between boys and girls?




  The Moment of Chance




  Development may be an intricate dance of nature and nurture, but here’s one instance when nature unambiguously sets the ball rolling.5 A baby’s sex is decided at the moment of conception, when one sperm, carrying either an X or a Y chromosome from dad, penetrates one egg, carrying one of mum’s two X

  chromosomes. If an X-carrying sperm wins the race, the merger produces an XX genotype, and the fertilized egg, or zygote, will grow into a girl. If it is a Y sperm that

  outswims its five hundred million competitors, the baby will be a boy.




  You can’t see the difference between male and female zygotes, even under the highest-power microscope. Doctors performing in vitro fertilization (IVF) screen tens of thousands of

  fertilized eggs each year, but separating male from female is a complicated, somewhat risky procedure involving the removal and testing of one cell from an eight-cell embryo. Known as

  preimplantation genetic diagnosis (PGD), this procedure can be used to identify male embryos for mothers known to be carriers of sex-linked recessive genetic disorders, such as hemophilia,

  Duchenne’s muscular dystrophy, and fragile X syndrome (which produces mental retardation in affected boys). Such disorders have a 50 percent chance of afflicting a carrier mother’s son,

  who inherits his only copy of the X chromosome from one of his mother’s two X chromosomes.
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  Figure 1.1. Male human chromosomes magnified about two thousand times, with the sex chromosomes circled. Of the forty-six total chromosomes, the only difference

  between the sexes is the presence of the small Y chromosome in boys. Girls have two copies of the X chromosome but no Y chromosome.




   




  More recently, however, some doctors have extended the use of PGD for the purpose of “family balancing”—permitting parents who already have one or more

  children of one sex to select a fetus of the other sex. It’s an expensive procedure and controversial, since it involves the creation and disposal of unwanted embryos. Nonetheless, an

  increasing number of parents are using PGD to guarantee that their next baby will be the “right” sex.




  For parents who don’t require in vitro fertilization, there is another scientifically based method to select their baby’s sex. Called MicroSort, it was developed in 1998 and, like

  PGD, is performed in just a few reproductive centers in the United States, for a hefty fee. In this case, the sorting takes place before fertilization and is based on a subtle difference between

  Y-carrying and X-carrying sperm. Because the Y chromosome is only about one-third the size of the X chromosome, male sperm are slightly smaller than female sperm: 2.8 percent smaller, to be exact.

  Scientists have exploited this difference by staining the sperm in a semen collection with a fluorescent dye and then running them down an extremely long tube that lines them up in single file. At

  the end of the tube is a fluorescence-sensitive cell sorter, which diverts the more brightly glowing X-carrying sperm to a separate collection from the dimmer Y-carrying sperm. Once separated, the

  sperm of choice are used for artificial insemination, which results in a successful pregnancy about 10 percent of the time.




  The latest data indicate this method is quite reliable for producing female pregnancies: about 90 percent of pregnancies achieved after X sorting resulted in a female child. The success rate for

  boys is lower (75 percent), apparently because more X sperm get mixed in with the Y sperm than vice versa. Nonetheless, the use of MicroSort is steadily growing, with more parents every year

  willing to stump up the fee and undergo artificial insemination to bias the sex of their future offspring. Interestingly, thus far American parents have used MicroSort to select for girls more

  often than boys, either because the success rate is higher or because mothers are frequently the ones initiating the process.




  Scientists may soon supplant both PGD and MicroSort with another technology for sex determination. It’s based on the recent discovery that small amounts of fetal DNA actually cross the

  placenta and enter a pregnant mother’s bloodstream. Using probes for specific DNA sequences located on the Y chromosome, researchers have shown that they can screen a

  woman’s blood as early as seven weeks into pregnancy and determine whether she is carrying a male fetus.6 Already, a slew of genetic entrepreneurs have

  hung out their Internet shingles promising “guaranteed” sex determination for just a few hundred dollars and a couple of drops of blood collected at home. Such testing is not subject to

  regulation by the U.S. Food and Drug Administration, so there is no proof of claims of “as high as 99.9 percent accuracy.” One company, Acu-Gen of Lowell, Massachusetts, is even facing

  a class-action lawsuit brought by parents who were given the wrong results using Acu-Gen’s Baby Gender Mentor testing service—usually, parents were told they were having a boy when in

  fact the mother delivered a girl. But as long as they stay legal, such services will inevitably become widespread. The opportunity to find out a baby’s sex so early and in such a private,

  inexpensive, and noninvasive way is simply too alluring to avoid exploitation in this Wild West era of genetic testing.




  

    

      Sex selection: high-tech, low-tech, and the ethics of choosing babies by gender


    


  




  MicroSort and PGD are only the latest in a long history of methods parents have tried to bias the sex of their future children. Most have been pure folklore, no more scientific

  than relying on the direction of the wind (Aristotle’s theory) or on which side of the bed the husband hangs his pants (right for a boy, left for a girl, according to medieval legend).

  However, things turned more empirical in the 1960s and 1970s, when scientists began characterizing differences between X- and Y-containing sperm. One of these scientists was obstetrician Landrum

  Shettles, who detailed his theory in the paperback guide How to Choose the Sex of Your Baby. Republished as recently as 2006, this widely read book claims a success rate of 75 percent for

  girls and 80 percent for boys. Though originally advising a combination of measures (specific intercourse positions and precoital douches to favor male or female conceptions), Dr. Shettles

  eventually settled on the timing of intercourse as the key factor. Male sperm, he argued, are not only smaller but also faster and shorter lived, so intercourse closer to the moment of

  ovulation (egg release) is claimed to result in more male conceptions, while intercourse a few days before ovulation is said to produce more females. (Sperm can live up to six

  days inside a woman’s reproductive tract, but an egg lives less than a day following ovulation, so the overall window for fertilization spans from about six days before to one day after

  ovulation.)




  The theory makes sense, except for the fact that male sperm are not the quicker, wilier critters Dr. Shettles imagined them to be. Research has exploded since the advent of in vitro

  fertilization, but other than MicroSort, no reliable way to separate X-carrying from Y-carrying sperm has been identified. Still, there are plenty of parents who swear by Shettles’s system,

  and it’s charming to imagine all the dog-eared copies of his book hastily tossed off the bed by parents passionately trying to conceive either a boy or girl. Of course, it’s easy to

  collect glowing testimonials when the chance of conceiving the desired gender is already 50 percent, but the theory was debunked by a large 1995 study that found that the timing of conception has

  no bearing on whether a boy or girl is conceived.




  Parents do care passionately about the sex of their children, which raises all sorts of ethical issues as modern technology makes it increasingly possible to control this fate. Already, the

  ratio of boys to girls has become dramatically skewed in several Asian countries, where millions of parents have illegally aborted unwanted female fetuses after ultrasound sex determination.

  Several nations, including Canada and most of Europe, have responded by banning sex selection used for nonmedical reasons (that is, beyond detecting sex-linked disorders such as hemophilia). The

  U.S. government does not appear poised to do this, although the American Society for Reproductive Medicine, the organization that oversees such technologies, declared in 2001 “that initiating

  IVF and PGD solely to create gender variety in a family should at this time be discouraged.” But this policy is already being flouted by several high-profile IVF clinics that are unable to

  resist the multimillion-dollar revenue.




  The situation is bound to get even worse with this newest wave of blood testing. According to data from the 2000 U.S. Census, parents who identified themselves as Chinese, Korean, or Indian

  showed an excess of second- and third-born boys. For parents’ whose first children had been girls, the ratio for second-born children was 117 boys for every 100 girls; if the parents’

  first two children had been girls, the ratio was a striking 151 boys for every 100 girls. (For white Americans, the ratio was 105 boys to 100 girls, regardless of older siblings’ gender.) The

  inescapable conclusion is that these nationalities are selectively aborting female fetuses —on U.S. soil, and even before the advent of at-home sex-determining blood

  tests.




  The debate about sex selection is certain to heat up as the technology comes within the reach of more and more parents. Thus far, fertility doctors have barely blinked each time ethicists have

  challenged their increasing liberties over human reproduction. The issue is more critical in Asia, where feminists realize that the greatest hope for squelching sex selection is not through its

  legal restriction but through improving the status and equality of women. Nonetheless, it seems clear that sex-selection technology is here to stay unless doctors themselves reject the idea that,

  as one fertility specialist puts it, “being a boy or girl is a medical handicap.”




  How Boys Are Made




  Of course, fertilization is just the first step in making a boy or a girl. What happens next depends on one tiny gene, which is located on the short arm of the tiny Y

  chromosome. As scientists only recently discovered, it doesn’t take the whole Y chromosome to make a boy, merely this one microscopic stretch of DNA, known as SRY, scientific shorthand for

  “sex-determining region of the Y chromosome.” SRY was discovered by British researchers studying a rare population: men with two X and no Y chromosomes. These XX males look, act, and

  consider themselves to be men, all because the single SRY gene jumped aboard one of the X chromosomes some time during sperm formation. SRY’s function has been confirmed based on the

  opposite, and equally rare, group of XY females: individuals who each have both an X and a Y chromosome but whose SRY gene has been deleted or mutated. In spite of their male genotype, children

  with this mutation look and feel like normal girls, at least until puberty, when their unformed ovaries prove incapable of supporting menstruation and breast development.




  SRY is first activated about five weeks after conception within the genital ridge, the primordial, unisex gonad that has the potential to develop into either ovaries or testes. By six weeks, SRY

  has initiated its most important act: molding this generic gland into the male testes. SRY codes for a type of protein known as a transcription factor, which binds to the DNA in a cell’s

  nucleus and turns on or turns off genes that generate the structure of cells and tissues. Although the details of its actions are still being worked out, SRY is clearly the

  master switch in this sequence, flipping on the full cascade of male development in normal XY embryos.




  Once SRY finishes its job, the testes take over the most critical work of male differentiation. They produce testosterone, of course, but first they secrete a factor known as anti-Mullerian

  hormone (AMH), which is essential for linking up the correct plumbing for male urogenital function. Testosterone and AMH are hormones, which means they are released by glands (in this case, the

  testes) and flow through the blood to affect many other tissues, including the urogenital system, muscles, bone, and, of course, the brain.




  The gonads are not the only reproductive organ that passes through a brief unisex phase. Each of us begins life with two complete sets of would-be reproductive tracts connected to these

  undifferentiated gonads. One set is the Wolffian ducts, named after an eighteenth-century German anatomist, which can morph into the vas deferens, seminal vesicles, and other internal parts of the

  male reproductive tract. The other is the Mullerian ducts (named after another German scientist), which can become the oviducts (fallopian tubes) and uterus in females. In males, the testes begin

  secreting AMH just six weeks after conception. As its name describes, AMH causes degeneration of the Mullerian ducts, obliterating the baby’s potential female plumbing. By ten weeks after

  conception, the testes have begun producing significant quantities of testosterone, which transforms the Wolffian ducts into the various sperm- and semen-carrying tubes of the male reproductive

  tract. Females retain their Mullerian ducts (because they have no testes to secrete AMH) but lose their Wolffian set due to their lack of testosterone.




  All of this sounds quick, and sexual differentiation does get an early start in the developing embryo. But finishing up the process takes several more months. In girls, the uterus and vagina

  aren’t fully formed until about twenty weeks past conception. Externally, boys and girls are indistinguishable until at least twelve weeks past conception. Both the penis and the clitoris

  evolve from a common structure, the genital tubercle, which grows larger under the influence of testosterone, smaller if testosterone is absent. Still, these structures can remain hard to

  distinguish under ultrasound, even at five months’ gestation. (That’s why ultrasound technicians typically issue a disclaimer at this stage about not being able to guarantee they can

  tell you the sex of the fetus.) Slowest of all steps in genital development is the descent of the testicles, which form within the body cavity but move outside to the scrotum during the latter half of gestation. About 4 percent of full-term baby boys are born with undescended testicles, but the number is much higher—up to 33 percent—for boys born

  prematurely. If the testicles fail to descend by twelve months of age, which happens in about one out of every hundred boys, a simple surgical procedure can correct the problem.




  Like the Wolffian ducts’, the development of most male reproductive organs is critically controlled by testosterone. The testes secrete their first shots of testosterone just six weeks

  after conception. This hormone peaks in the male fetus between fourteen and sixteen weeks of development (sixteen to eighteen weeks of pregnancy) at a level some eight times higher than in females,

  and then it gradually declines until twenty-four weeks, when its level is merely twice that of females. Testosterone is responsible for expanding the penis out of the unisex genital tubercle, for

  fusing the urethral folds along the midline (which forms the shaft of the penis), and for creating the scrotal sac.




  The importance of testosterone before birth is highlighted by individuals who can’t respond to it. A genetic male who has a normal Y chromosome but lacks the receptors for circulating

  testosterone looks like a normal female, because the hormone can’t exert all these critical actions. This condition is known as androgen insensitivity syndrome, or AIS, because the

  receptors that bind testosterone also bind other male hormones, which are called androgens. AIS is rare, occurring in about three of every one hundred thousand children, and it often remains

  undetected until puberty, when the child everyone had assumed was a girl fails to begin menstruating. In spite of their normal female external genitalia, AIS individuals do not form a uterus

  because their Mullerian ducts have degenerated under the influence of AMH (which does not need an androgen receptor). Lacking both a uterus and ovaries, an individual with complete AIS is not

  capable of bearing children.




  More interesting is the fact that males with AIS regard themselves as unequivocally female. They play like regular girls in childhood, develop breasts at puberty,7 are sexually attracted to men, typically get married, and often become mothers through adoption. About their only distinguishing feature is height, which tends to fall in the

  normal male range.8 But while individuals with AIS prove the great potency of prenatal testosterone on bodily development, they are less

  helpful for the understanding of psychological sex differences, since they both appear to be and are treated like girls from the moment of birth.




  How Girls Are Made




  So far we’ve been focusing on male development and have seen how the presence of at least one specific gene (SRY) and two hormones (AMH and testosterone) are required to

  make a male body. If any of these innate signals is missing, the fetus ends up female (more or less). Does this mean, as we were taught in secondary school biology, that females are the default

  sex—the generic form that will develop in the absence of any sex-specifying signals?




  Not exactly. While genetic males lacking SRY or testosterone receptors generally do look more female than male on the outside, they are invariably infertile and don’t go through normal

  female pubertal development. What’s more, scientists have recently discovered another gene, called DAX1, that resides on the X chromosome and plays an active role in producing the ovaries

  (analogous to SRY’s role in producing testes). Males, of course, have one X chromosome, but the action of their DAX1 gene is overruled by SRY. However, if the DAX1 gene is duplicated, as it

  is in some rare XY individuals, then these two copies of DAX1 override the one copy of SRY. Ovaries are produced, and these genetic males appear female.




  Nor are testosterone and AMH the only hormones that influence sexual differentiation. If you’ve been wondering, “What about ovarian hormones?” animal studies suggest they also

  play a role in brain development. However, estrogen cannot exert an effect until after birth, because the fetus is largely shielded from it by a unique substance called alpha-fetoprotein

  that is present in the blood before birth only. In fact, both boy and girl fetuses are exposed to high levels of estrogen (made by the placenta), but this blood-borne estrogen cannot enter the

  fetal brain because it’s tightly coupled to alpha-fetoprotein.9




  Another reason to reject the idea of girls as the default sex comes from a condition known as Turner’s syndrome. About one in four thousand babies is born with this

  disorder (though many more fetuses with the syndrome are spontaneously miscarried). Turner’s syndrome involves the loss of part or all of one of the X chromosomes, producing what’s

  known as an XO genotype. All affected individuals appear to be girls, but they lack functional ovaries, are infertile, and do not enter puberty naturally. They tend to be short and broad-chested,

  and they frequently suffer from certain cardiovascular and kidney problems. Girls with Turner’s syndrome can be treated during childhood with growth hormones and androgens to increase their

  height, and with estrogen at the normal age of puberty to promote the development of breasts and other female characteristics. But their physical deficits tell us that it takes more to make a

  female than just a missing Y chromosome. In fact, the differentiation of male and female bodies is turning out to be much more complicated than researchers ever suspected, involving a number of

  male- and female-specific genes along with various sex-specific hormones and the several different receptors they bind to.




  The same is likely true for the sexual differentiation of babies’ brains. Women with Turner’s syndrome exhibit lifelong problems with attention and spatial reasoning, which suggests

  an important role for the second X chromosome or for early postnatal estrogen in female brain development. At this point, however, most of our understanding centers on prenatal testosterone and the

  fascinating, if sometimes troublesome, ways this hormone appears to shape boys’ and girls’ later behavioral differences.




  Prenatal Testosterone and the Brain




  Compared to babies’ reproductive organs, their brains develop incredibly slowly. Midway through gestation, when ultrasound images are already revealing a fetus’s

  gender on the bottom end, the top end can barely coordinate a hiccup. The brain is by all measures the slowest to mature of all the organs, so little of what makes boys and girls different from

  each other can be fully attributed to prenatal development. At the same time, the fetal brain is not immune to the surges in gene expression and hormone secretion that so impressively sculpt the

  reproductive organs. Of these various biological influences, researchers know the most about testosterone, that most notorious of steroid hormones mothers love to blame when catching their sons

  racing around the house or wrestling too close to the coffee table.




  Few parents, however, realize how early in the process testosterone acts. The surge begins just six weeks after conception and finishes before the end of the second

  trimester. By birth, there is little difference in boys’ and girls’ testosterone levels, although boys experience another, smaller surge shortly after birth that lasts through the first

  six or so months of life. Nonetheless, the brief four-month window of testosterone exposure before birth is enough to masculinize male babies down between the legs and—to some degree—up

  in their developing brains.




  Most of our knowledge about prenatal testosterone comes from lab rats and doesn’t necessarily translate to human boys. Still, researchers have uncovered many fascinating effects in these

  uncuddly albinos, which, like all creatures, become a lot more interesting when the subject turns to sex.




  Compared to human infants, rats are much less developed at birth, equivalent to a human fetus after six months in the womb. This means that male rats at birth are still in the midst of their

  testosterone surge, which extends from the last four days of gestation through about ten days after birth, a window of development known as the perinatal period. Researchers have exploited this

  difference to perform all sorts of hormonal manipulations on rats, the easiest of which is (sorry, guys) castration.




  Not surprisingly, male rats that had their testes removed at birth show little interest in mating with females as adults. They are also less aggressive than intact adult males, a difference that

  first appears in the play-fighting of pups. Like boys, young male rats normally engage in a good deal of rough-and-tumble play, but male rats castrated within the first six days of birth play more

  like females. However, if the procedure is delayed three weeks, to the age when play-fighting normally peaks, castration has no effect. Similar results have been found for other behaviors that

  differ between the sexes, such as the preference for salty foods (higher in female rats) and spatial-learning ability (higher in males). In other words, it is not the testosterone circulating in

  young males’ blood that drives their aggressive play and other behaviors but the testosterone that washed through them at the very beginning of life.




  Much the same effects have been proven through experiments on female rats. When a female pup is injected with testosterone on the fifth day of life, she becomes permanently sterile: her ovarian

  hormones never begin cycling, she never ovulates, and she will avoid mating with males. Early testosterone exposure also triggers more masculine-type play in females —romping and tackling their littermates in a more aggressive style than their uninjected sisters—along with malelike salt preferences and maze-learning skills. Remarkably,

  these behavioral reversals do not take place if female pups are injected with testosterone beyond ten days of age. Like the genitals, the rat’s brain is uniquely open to sexual

  differentiation during just a brief period in early development.




  As fascinating as these findings are, scientists have yet to unravel the brain mechanisms by which early testosterone affects rats’ later behavior. The strongest clue comes from the

  hypothalamus, a tiny but potent brain area that coordinates reproductive and other instinctive behaviors. Within the hypothalamus, there is an even tinier zone, called the preoptic area, that is

  five times larger in male rats than in females and that researchers have named the sexually dimorphic nucleus of the preoptic area, mercifully abbreviated to SDN-POA. In rats, this nucleus is

  critically shaped by the perinatal testosterone surge. A male rat castrated shortly after birth ends up with a small (female-size) SDN-POA, while a female given a shot of testosterone during the

  first week of life—but not in adulthood—ends up with a large (male-size) SDN-POA. There’s also another hypothalamic nucleus, known by the abbreviation AVPV, that is larger in

  females and that shrinks in males under the influence of prenatal testosterone.




  In rats, testosterone receptors appear as early as seven days before birth and are located throughout the brain, though they are most heavily represented in the deeper, emotion-controlling

  structures that make up the limbic system. The hypothalamus is part of the limbic system, but so is the amygdala (which controls aggression and other emotional experiences), the hippocampus (the

  memory center of the brain), and even portions of the cerebral cortex (home of the intellect and personality). There is some evidence that prenatal testosterone shapes the amygdala and hippocampus

  in rats, but so far, there is little understanding of how behaviors like rough-and-tumble play are linked to specific sex differences in rats’ brains.




  Boys Are Not Rats




  Rats are easy to study. They have a short gestation and life span, so researchers can quickly see the effects of hormonal manipulation during pregnancy. But we need to be

  careful about extrapolating this large body of rodent data to human behavior. For one thing, human infants are much more mature at birth than rats are. Because of our long

  nine-month gestation time, the critical period for testosterone action on the human brain takes place exclusively before birth, whereas in rats it spans both pre- and postnatal phases.

  Research on monkeys, whose growth, development, and even social life is a lot more similar to humans’, confirms this. For the most part, sex hormones exert very little effect after birth on

  either male or female monkeys’ behavior.




  By the same token, the effects of hormone manipulations before birth in monkeys are also less dramatic than in rodents. For instance, young female monkeys, like rats, engage in much less

  rough-and-tumble play than their brothers, but exposing females to high levels of testosterone prenatally does not make them start pouncing on their peers. Nor does prenatal testosterone

  lessen females’ interest in babies or increase their tendency to mount other monkeys, two other traits that differ dramatically between young male and female monkeys. Two other

  behaviors—infant vocalizations and spatial navigation—were indeed affected when researchers manipulated monkeys’ prenatal testosterone levels. But generally speaking, prenatal

  testosterone does not affect monkeys’ behavior as strongly as it does rats’.




  Nor, for that matter, are sex differences in the hypothalamus as dramatic in primates as they are in rats. Studying our own human brains, four different groups of researchers have described

  male-female differences in the preoptic area of the hypothalamus, but they still cannot agree on which tiny zone corresponds to the rat SDN-POA. What’s more, the sex differences they

  have found in human brains are much more modest than the five-fold difference in size between male and female rats’ SDN-POA. Even in monkeys, which are easier to study than humans,

  sex differences in the hypothalamus have not been clearly linked to sexual behavior. For instance, one recent study of Japanese macaque monkeys found a tiny zone of the preoptic hypothalamus that

  was two to three times larger in males than in females, but there was no difference in the size of this region between “lesbian” and “straight” female macaques, contrary to

  the findings in rats.




  

    

      Experiments of nature


    


  




  So what has been proven about the effects of prenatal testosterone on children? The bigger the brain, the less instinctive the behavior, and the more the brain’s

  abilities are influenced by learning. That’s why pren hormones have less impact on monkeys than on rats, and why if we more the brain’s abilities are influenced by

  learning. That’s why prenatal hormones have less impact on monkeys than on rats, and why if we really want to know how hormones shape boy-girl differences, we have to study human

  children.




  This is easier said than done. For all their freakish portrayal in Hollywood films, scientists are not going around castrating boys or injecting girls with testosterone to figure out how sex

  hormones affect their behavior. However, owing to some rare medical conditions, a handful of children have been raised as the opposite sex of what their chromosomes (or prenatal hormone exposure)

  would have dictated; these individuals have helped researchers sort out the roles of nature and nurture in gender development.




  One such condition is androgen insensitivity syndrome, which, as we’ve already seen, produces a complete reversal of gender identity and attributes in genetic boys. These children lack the

  receptors for testosterone and other androgens, and so, unable to respond to male hormones, genetic males with AIS look like normal girls at birth and are invariably raised as females. They have no

  issue with their female identity and grow up to be typical heterosexual (though infertile) women. Their strongly female psychological profile demonstrates that the presence of male genes does not

  seem to masculinize the brain in the absence of functional testosterone receptors.10




  But while AIS clearly demonstrates the importance of prenatal testosterone on the body, it is not very helpful in untangling the roles of nature and nurture in psychological development, since

  such individuals lack both prenatal testosterone responsiveness and a normal male upbringing. There are, however, other cases in which testosterone and rearing are at odds with each

  other—examples that give us a better understanding of the extent of the hormone’s influence.




  The most famous such case was David Reimer, the “boy who was raised as a girl,” whose life was chronicled in a fascinating book by journalist John Colapinto. This tragically true

  story—of an infant boy whose penis was destroyed in a circumcision accident and who was then raised, most unhappily, as a girl—does indeed support the premise of

  Colapinto’s title: As Nature Made Him.




  Born in 1965, David was eight months old when he suffered his botched circumcision. His distraught parents sought various medical opinions and were finally persuaded to raise him as a girl, a

  switch that took many months to accomplish and was never truly successful. When David was seventeen months old, they cut his hair, started clothing him in dresses, and changed his name to Brenda.

  At twenty-two months, he underwent surgery to remove his testicles and to fashion a rudimentary vagina.




  But the switch came too late. David never fitted in as a girl. The child preferred toy guns to dolls, liked to play dress-up in men’s clothing, and even insisted on urinating in a standing

  position. School was a struggle, peers were cruel, and Brenda/David became prone to aggressive outbursts. Finally, at the age of fourteen, Brenda/David was told the truth about his medical history,

  and he immediately reverted to a male identity. Eventually, David married a woman and became the adoptive father to her three children, but he struggled with his past; tragically, at the age of

  thirty-eight, he took his own life.




  David Reimer’s story makes the poignant argument that gender behavior and gender identity are hard-wired from an early age. There was little feminine about him, in spite of the way his

  case was reported to the medical community at the time.11 Nonetheless, the lessons from his plight are not entirely clear-cut. David was actually quite

  old—nearly two—by the time he was truly reassigned to a female role. As we’ll see in the next chapters, babies much younger than this already know a great deal about the

  difference between male and female, already prefer gender-appropriate toys, and are often already consciously aware of their own sex. Another crucial variable—and the reason his case became

  so celebrated—was the fact that David was an identical twin. In addition to his own early life as a boy, David could see his male identity mirrored every moment in his

  twin brother, Brian, a perfect clone with whom he was tightly bonded.




  As it turns out, David Reimer was not the only unfortunate boy to lose his penis during circumcision. Another, less famous case was reported in 1998. It had a very different outcome, probably

  because the accident occurred when the child was just two months old. By seven months, this boy had been reassigned, both socially and surgically, to the female gender. Now an adult, she

  unambiguously regards herself as a woman. Though the patient has had sexual relationships with both men and women, she never cross-dressed and always preferred to play with other girls.




  In all, researchers have studied several dozen children who were genetically boys but who, for a variety of medical reasons,12 were raised as girls, and

  the answer is nowhere as clear-cut as David Reimer’s case. In one 2005 review by Heinz Meyer-Bahlburg, a psychologist at Columbia University, U.S., only seventeen of seventy-seven such

  individuals had chosen to revert to the male gender. While many of these girls exhibited some signs of masculinity and often reported being more sexually attracted to women than men, the majority

  were nonetheless clear in regarding themselves as women. As Dr. Meyer-Bahlburg concluded: “These data do not support a theory of full biological determination of gender identity development

  by prenatal hormones and/or genetic factors, and one must conclude that gender assignment and the concomitant social factors have a major influence on gender outcome.”




  So while these cases clearly demonstrate that prenatal testosterone is important for shaping play behavior and sexual preference, they also prove that it’s not omnipotent. Rearing also

  matters in establishing a child’s sense of gender identity and in the many other behaviors that accompany this potent piece of self-knowledge.




  Another “Experiment”: Girls Bathed in Androgens




  Very similar conclusions have been reached through studies of another group of children, in this case, genetic girls who have been reared in a manner opposite their prenatal

  hormone exposure. In a rare genetic disorder known as congenital adrenal hyperplasia (CAH), individuals produce very high levels of androgens, including testosterone, beginning early in

  gestation.13 The imbalance has few developmental effects on boys, who already release high levels of androgens from their testes. In girls, however, the

  high levels of androgens have a strong masculinizing effect: the clitoris enlarges into a small penis, and the labia may be partially fused at the midline, creating a scrotumlike structure. The

  good news is that their internal reproductive organs are unscathed,14 so girls with CAH are fertile and can bear children, provided their external genitalia

  have been surgically feminized, as is typically done in infancy.




  The disorder is usually identified at birth and can be controlled with ongoing hormone supplements. But this treatment does not fully reverse the effect of prenatal androgens on girls’

  developing brains, which is a bit like what happens in rats and monkeys. Girls with CAH behave more boylike than their unaffected sisters, the optimal control group in many studies. As children,

  they are more aggressive, more physically active, more fond of rough play, and spend more time playing with boys than do typical girls. The difference is most pronounced in their preference for

  traditional boy toys, such as trucks, balls, and building blocks, and their relative lack of interest in dolls and—usually the biggest attention-grabber for young girls—real human

  infants. As adolescents, girls with CAH continue to be more interested in male pastimes, such as cars and sports, and to express greater interest in pursuing traditionally male careers, such as

  engineering and airline piloting.15




  When it comes to gender identity and sexuality, however, the picture is foggier. In spite of their tomboyish behavior, CAH girls are happy to be girls. As children and as

  adults, few females with CAH regard themselves as males living in female bodies. Rather, they have a definite sense of female identity, are comfortable in their role as girls and women, and only

  rarely choose to switch to a male identity as adults. Their sexual orientation, however, is modestly shifted. Though most marry and carry out normal heterosexual lives, CAH females admit to more

  lesbian and bisexual attraction and report less sexual attraction to men than typical women do.




  Overall, CAH females demonstrate the potency of prenatal androgens in shaping some, but not all, aspects of masculine behavior. Although critics maintain that the more masculine behavior of CAH

  girls is a result of socialization—that their parents, aware of their daughters’ ambiguous genitalia, permit more boylike play than they would in typical daughters—most scientists

  now accept that it is the hormones, not the parents, that shift CAH girls’ behavior, interests, and sexuality in a somewhat masculine direction. (Careful studies have also helped demonstrate

  that parents of CAH girls do not encourage boylike play in them any more than they do in the CAH girls’ normal sisters. On the contrary, one might expect these parents to be more

  motivated to bring out the feminine side of their CAH daughters’ behavior, to help solidify their gender identity.)




  But while most CAH girls are comfortable with their gender identity, there has been a movement in recent years to question the routine female assignment that doctors traditionally counsel at

  birth. CAH is the leading cause of intersex gender, which is the preferred term for individuals born with ambiguous genitalia. Some intersex individuals have become quite vocal about rejecting the

  surgery and other aspects of gender assignment imposed on them at birth, arguing that gender identification should be a matter of individual choice, made later in childhood or adolescence. (Such

  surgery often destroys sexual sensitivity, and patients typically go through several rounds of genital reconstruction during childhood.) The problem, of course, is that parents would have an

  impossible time raising a unisex child. No matter how open-minded the parents may be, our society demands that everyone be labeled either male or female, if for no other reason than figuring out

  which bathroom to use at school. And so, current medical practice dictates that, based on their reliable female identity and predominantly heterosexual orientation, genetic

  females with CAH should be raised as girls, though with every effort to minimize surgical damage.




  

    

      Opposite-sex twins


    


  




  CAH girls are not the only females exposed to virilizing hormones before birth. As it turns out, any female who shares a womb with a male fetus will be bathed in androgens,

  though not in the dramatic amounts of CAH. In some animals, a female born with a male twin is altered enough by male hormones to end up sterile. These intersex females, known as freemartins, occur

  in some 90 percent of cows born with a male twin. The other 10 percent escape this fate because they shared fewer placental blood vessels and, therefore, less testosterone and other hormones with

  their male twins.




  Female rats are also known to be affected by the prenatal testosterone of their brothers. Mixed-sex litters are the norm among rats, which typically gestate in litters of ten to twelve, lined up

  like peas in a pod along the two extended uterine horns located on each side of the dam’s body. Because of this arrangement, some females are exposed to more testosterone than others; it

  depends on the number of brothers they grow next to. Researchers have found that female rats and mice that gestate between two males are slightly more masculine than those gestating between one

  male and one female. Their genitals look a bit more masculine; they engage in more rough-and-tumble play as pups; they are more aggressive; they roam over a wider territory as adults; and they are

  more likely to exhibit male sexual behaviors, such as mounting and urine-marking their territory. These females, in turn, are slightly more masculine than females that gestated between two sisters

  (and vice versa for males gestating between brothers or sisters).




  Importantly, most female rats end up being heterosexual—that is, they mate and rear pups—regardless of their nearest neighbors in the womb. But females exposed to higher levels of

  prenatal testosterone are less preferred by males and end up raising fewer offspring than females exposed to lower levels of prenatal testosterone.




  So what about human females? Are girls with male twins or triplets exposed to higher-than-normal levels of testosterone, and if so, does it affect their personalities,

  cognitive abilities, or sexuality? The issue is increasingly relevant, considering the large number of children now born as multiples through in vitro fertilization and other

  assisted-reproduction technologies.




  Parents of boy-girl twins are often struck by the great differences between their children. One of my colleagues, a professor of biochemistry and the father of twin toddlers, a boy and

  a girl, couldn’t get over their different interest in toys, “even though,” he quickly adds, “my wife and I are poster children for gender-neutral rearing.” But while

  Marc sees these differences and can’t help but conclude that the Y chromosome is responsible, researchers have been more focused on the similarities between boy-girl twin pairs.

  They’ve asked the question raised by the rodent studies: are girls whose twins are brothers more masculine than girls whose twins are sisters?




  The answer is: not much. While there is some fascinating evidence for the slight masculinization of certain anatomical and physiological traits, most research has been unable to identify

  reliable differences in the behavior and mental skills of girls with twin brothers compared with those with twin sisters.




  According to one 1999 study, girls with male twins have larger (more male-size) teeth than girls with female twins. Another study, conducted by Celina Cohen-Bendahan and her colleagues in the

  Netherlands, found that girls with male twins are more lateralized in their auditory processing. That is, normally, when two different words are played simultaneously into each ear, boys can

  recognize the word in the right ear better than the word in the left, while girls can detect both words equally. However, girls with twin brothers are more lateralized than girls with twin sisters,

  suggesting an influence of prenatal testosterone.




  Two other studies have described subtle differences in hearing between girls with male twins and girls with female twins. One was published in 1993 by University of Texas psychologist Dennis

  McFadden. He was investigating some mysterious sounds known as otoacoustic emissions (OAEs), tiny echoes that our ears actually produce in response to incoming sounds and which are now used in

  hospitals to screen newborns for congenital hearing loss. OAEs are well known to differ between the sexes. From birth through adulthood, OAEs are both stronger and more frequent in females than in

  males. But as McFadden discovered, girls with male twins actually exhibit OAEs in the male range. This shift, McFadden suggested, could be caused by prenatal testosterone transfer. He bolstered

  this argument with a 1998 finding that lesbian and bisexual women also have more male-range OAEs than heterosexual women do. (Male homosexuals have OAEs within the normal male

  range.)




  Needless to say, McFadden attracted a lot of media attention with the finding about gay women. But his theory—that prenatal androgen exposure shapes both OAEs and the sexual preference of

  women—is not well supported by other studies. While androgens do slightly shift the sexual preference of girls with CAH, they are not the cause of homosexuality in most lesbian and bisexual

  women. What’s more, girls with twin brothers are no more inclined toward lesbian or bisexual orientation than any other girls.




  Which brings us to the many studies of behavior and mental skills in girls with male twins. It’s true that a handful have reported a shift in the masculine direction—finding that

  girls with male twins are more prone to aggression and risk taking or are better at spatial skills than girls with female twins. However, the bulk of such research has found no significant

  difference: girls with male twins show just as much preference for girl toys, appear just as feminine, and score no higher on maths and other male-type cognitive skills than girls with female

  twins.




  The most convincing of these twin studies tracked literally thousands of women—every female twin born in Finland from 1983 through 1987. When compared with women with female twins, women

  with male twins were not found to differ in their age of puberty, their interests in feminine or masculine activities, or their subsequent number of children—differences you’d expect to

  result from prenatal testosterone transfer.16




  So while there may be some modest physiological effects of prenatal exposure to testosterone (or some other male factor) in girls with male twins, it doesn’t seem sufficient to alter

  girls’ behavior or cognitive skills. What’s more, the few studies that do find a shift in such girls’ risk taking or aggressiveness cannot rule out the very real possibility that

  girls with boy twins act or think a little more like boys because of the time they spend with their twin brothers after birth.




  In fact, just such an effect was shown by researchers Brenda Henderson and Sheri Berenbaum at my own university. In comparing girls with twin brothers with girls with twin

  sisters, Henderson and Berenbaum found no difference in toy interest and only a very modest shift in sports participation. But they also included an important control group—non-twin girls

  with older brothers. Such girls, it turns out, are likelier than other girls to play with boys’ toys and to enjoy sports, and they’re much less inclined to play with

  girls’ toys, as shown in Figure 1.2.




  Older brothers of girls, unlike twin brothers of girls, do not share their prenatal testosterone with their sisters, and yet apparently they encourage an even stronger shift toward toy trucks,

  balls, and sports than the twin brothers do. Other research confirms this influence of older siblings, who, much more than younger siblings, shape the gender behavior of their brothers and sisters.

  Especially when one considers the research on opposite-sex twins, this study makes clear that any masculine behavior—such as athleticism or spatial skill—in a girl

  with a male twin could be due to nurture, the shared playing, bonding, studying, and general time spent with an identical-age brother, rather than to prenatal testosterone transfer.
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  Figure 1.2. Study by Henderson and Berenbaum showing effect of brothers on the play interests of girls between three and eight years old. For data on the left,

  girls were given a choice of toys. Compared to girls with a twin sibling, singleton girls with older brothers showed a marked preference for toy trucks, cars, and building blocks and less interest

  in dolls and toy dishes. The data on the right are based on mothers’ ratings of their daughters’ enjoyment of various types of games, including sports.




   




  In sum, girls with male twins are not appreciably more masculine than other girls, nor are boys with female twins more feminine than other boys. Prenatal testosterone (or some other male factor)

  may induce some subtle physical differences, but it is not strong enough to override the typical socialization of girls as girls and boys as boys. Or, to put it another way, the lack of effect

  shows that personality and cognitive traits are much less potently shaped by nature than traits like tooth size and otoacoustic emissions are. Further research is needed to determine exactly how

  much testosterone boys pass on to their twin sisters in the womb, but for now it seems that the slight testosterone elevation (which is unlike the higher levels of androgens experienced by girls

  with CAH) does not noticeably alter such girls’ behavior, thinking skills, or gender development.
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  CAH is very rare, and opposite-sex twins are not particularly common, but researchers recently hit upon another method that they believe allows the effects of prenatal

  testosterone to be gauged in anyone, male or female.




  The method is measurement of finger length, especially in the right hand. About ten years ago, British psychologist John Manning suggested that a subtle sex difference in the lengths of specific

  fingers might be related to prenatal testosterone. Women’s fingers—more specifically, the index and ring fingers—are more symmetrical than men’s. The relationship is

  described as the 2D:4D (for second digit to fourth digit) ratio; each of these two fingers is measured from the fold at the palm to the tip of the finger (no nails allowed!). More than 250,000

  people participated in a massive Internet study, and the average ratio for women was 0.994 (or very close to identical lengths for the two fingers). Men revealed a lower ratio, meaning their ring

  fingers were longer than their index fingers, with a ratio averaging 0.984. So there’s about a 1 percent difference in 2D:4D ratio between women and men. (See Figure 1.3.)




  Though tiny, this difference between the sexes is very reliable. It is found in children and even in fetuses as early as nine weeks of gestation, which is about two weeks

  after testosterone production begins in male embryos. And that’s the reason everyone is so excited about it: there is some, admittedly weak, evidence that small variations in the 2D:4D ratio

  are shaped by the amount of testosterone babies are exposed to in utero. In one study by Manning and colleagues, 2D:4D ratios in a group of thirty-three boys and girls were found to correlate with

  prenatal testosterone and estrogen levels measured from amniocentesis samples that had been taken during their mothers’ pregnancies. Unfortunately, these researchers did not report whether

  hormone levels were related to digit ratios within the groups of boys or girls alone, which is considered the more crucial test for proving an effect of prenatal testosterone. Other

  evidence that 2D:4D ratio is shaped by prenatal testosterone comes from three studies of girls with CAH, two of which found these girls had smaller (more masculine) digit ratios compared to girls

  without excess hormone exposure. Similarly, two out of three studies of girls with male twins found their digit ratios to be significantly smaller than other girls’, although in this case,

  the third study, which failed to find a difference, was larger and more convincing than the other two.




  While the ratio’s link to prenatal testosterone is pretty weak, this hasn’t discouraged an enormous number of researchers from measuring 2D:4D ratios and trying to relate them to

  seemingly every possible behavioral sex difference: spatial skills, literacy, ADHD, dominance, fertility, athletic ability, aggression, delinquency, thrill-seeking, and—the most frequently

  studied—sexual preference. To cut to the chase, finger ratios are not clearly linked to female homosexuality but may be linked to male homosexuality. We’ll revisit digit ratios and some

  of these other sex differences in later chapters, but the bottom line is that for some traits, digit ratios do correlate with behavioral sex differences. However, such relationships tend to be

  quite small and aren’t nearly potent enough to predict, for instance, that your son will be gay or your daughter will be a gifted athlete.




  In sum, these several lines of research on prenatal testosterone—studies of girls with CAH, of males with androgen insensitivity, of finger-length ratios, and (to a

  lesser extent) of opposite-sex twins—generally support the idea that it contributes to later behavioral sex differences. However, prenatal testosterone is hardly the only factor. As

  Manning’s own research team puts it, prenatal sex hormones exert only “a modest predisposing influence on human development” that “merely bias, rather

  than determine” the different behaviors we see in our sons and daughters.
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  Figure 1.3. How to measure digit ratio: Using a metric ruler held along the middle of the palm side of the finger, measure the distance between palmar crease

  (PC) and fingertip (FT) for both ring (4D) and index (2D) fingers. Divide 2D by 4D to obtain the digit ratio. Women’s ratio tends to be very close to 1.0, while men’s is slightly lower,

  meaning their index fingers are shorter than their ring fingers.




  How Do Boys and Girls Differ Before Birth?




  Sarah is pregnant with her second child. Her first, now the curly-headed three-year-old Maggie, seemed pretty quiet as a fetus. Sure, she kicked and squirmed a bit—Sarah

  would have been very worried if she hadn’t—but that movement was nothing compared with what Sarah is experiencing now. Punch, wiggle, kick-kick-kick: it’s like some kind of

  wrestling match is going on in there! Sarah and her husband chose not to learn their baby’s sex before birth, but all this action, given her quiet pregnancy with Maggie, has Sarah convinced

  that their second baby is a boy.




  Considering its sway over boys’ later dispositions, prenatal testosterone might be expected to reveal itself in boys’ behavior before birth. Boys are unquestionably more active than

  girls after birth, a difference that grows during early childhood. But despite Sarah’s assumption, there is no reliable sex difference in fetal movements. Now that prenatal ultrasound imaging

  has become widespread, researchers have conducted many studies carefully comparing movement in male and female fetuses. While a few do report slightly greater activity in males, overall, most have

  found no sex differences in the frequency or intensity of fetal movements. Boys and girls pull off roughly equal numbers of punches, kicks, and rolls before birth. The fetal heartbeat, another

  important indicator of babies’ health and development in the womb, also matures comparably in males and females.




  Nonetheless, some differences—beyond the obvious genital ones—are apparent in utero. Boys grow more quickly than girls from early on in gestation. Doctors who perform in vitro

  fertilization can often guess whether an embryo will be male or female based solely on the number of cell divisions that have taken place in a given number of hours since fertilization; male cells

  have a higher metabolic rate, which accelerates their early growth and cleavage. Evolution seems to have favored this faster growth so that male embryos can get through the critical period of

  testes differentiation before their mothers’ estrogen, which rises steadily during early pregnancy, interferes with the development of their sex organs. As a result of their faster growth,

  boys are larger, heavier, and physically sturdier than girls at birth, with thicker skulls and, yes, bigger brains.




  While boys’ bodies get bigger faster, girls’ bodies mature faster physiologically, adding up to a clear advantage for females by the end of gestation. By most measures, girls are

  better able than boys to handle the challenge of life outside the womb, while boys are more vulnerable to various illnesses, cognitive and behavioral problems, and even death during the prenatal

  and early postnatal period.




  This difference is especially pronounced in the developing respiratory system. Babies born prematurely can have difficulty breathing, and the risk for serious respiratory problems is

  considerably higher in male preterm babies than in female preterms. Girls’ lungs are about one week more mature than boys’ during the later fetal period, a seemingly small difference

  that can have great consequences for survival following premature delivery. Overall, the risk of newborn death due to respiratory problems is a striking 50 percent higher for boys than for

  girls.




  The difference also shows up in certain measures of neurological function. Girl fetuses respond earlier than boys to external stimuli, according to one study in which researchers applied a

  vibrating electric toothbrush to mothers’ abdomens to study the onset of fetal habituation. By twenty-six weeks of gestation, most female fetuses responded to this vibration with some kind of

  movement—kicking, punching, twisting, or turning—while it took the boys two additional weeks to reach this response rate. Females also habituated, or ceased responding, to the repeated

  vibratory stimuli about two weeks earlier than males did.




  One other prenatal sex difference is a bit more amusing: female fetuses move their mouths more than males do, according to two recent studies. Beginning at around sixteen weeks of gestation,

  girls were found to wiggle their tongues and open and close their jaws more often than boys, a difference that grew larger over the subsequent month of prenatal development. While this difference

  seems to set the stage for females’ more talkative futures, it is probably more a reflection of their overall earlier maturation. Mouth movements are important for survival after

  birth—they allow a baby to suck and swallow, and thereby gain nourishment. In fact, preterm girls are known to suck harder and more frequently than boys of the same age, a difference that may

  contribute to their faster growth and healthier development as compared with premature boys.




  So while they may not be obvious to parents, some sex differences do emerge before birth. Generally speaking, they are subtle—nothing like the kind of pink-versus-blue

  behaviors we see later in childhood—but they do help set the course for different developmental pathways of boys and girls.




  

    

      Male vulnerability


    


  




  Men are bigger, stronger, and, in most physical ways, tougher than women, so one of the more surprising facts about prenatal development is that male babies are far more

  vulnerable than females. The difference is truly astounding when you realize just how many boys are lost in early development. Although boys and girls are born in nearly even numbers (the precise

  ratio in the United States for babies born at term is 105 boys for every 100 girls), the ratio at conception is far higher, with some estimates ranging up to 170 males for every 100 females

  conceived. We don’t know why Y-carrying sperm are more successful at fertilization; they are not any faster than X-carrying sperm, but their smaller size may confer some other advantage, such

  as getting through tight spaces.




  In spite of their numerical advantage at conception, male embryos fare much worse during the rest of development. When a pregnant woman suffers a miscarriage, it’s about 30 percent more

  likely that the baby was a boy. Boys are also about 7 percent more likely to be born prematurely. Preterm birth is never easy, but of those babies born three or more weeks early, boys are less

  likely than girls to survive, and those boys who do survive are much likelier than girls to suffer long-lasting behavioral or neurological impairments, including cerebral palsy. This difference in

  vulnerability is so pronounced that of all the influences on preterm babies’ health and survival, the greatest risk factor is male sex. This statistic, often cited to parents of premature

  daughters, is probably carefully avoided when neonatologists discuss prognoses with the parents of premature sons.




  Even boys who make it to full term remain at greater risk than girls after birth. Overall, the U.S. infant mortality rate is some 22 percent higher for boys than girls, with similar ratios

  reported in Sweden and Japan. On a happier note, this sex difference appears to be declining, especially among babies born prematurely, thanks to many advances in their medical treatment.




  All of these factors together explain how the larger number of males at conception gets winnowed down to a fairly even sex ratio by birth. But even after males are born,

  their vulnerability remains a dominant theme in early development. As we’ll see in the next two chapters, boys are more at risk for a huge number of physical and mental problems, making them

  in many ways the more challenging of the two sexes to rear, at least during early childhood.




  Male vulnerability is not unique to humans. In other species, the ratio of male to female offspring is known to be skewed by how fit a mother is. That is, healthy female deer,

  caribou, geese, quail, and other species end up raising more male offspring than do mothers in poorer condition, a contrast named the Trivers-Willard effect, after the two evolutionary biologists

  who figured it out. Many human societies also conform to the Trivers-Willard rule, revealing a higher ratio of boys to girls among families who are socially and economically better off. In the

  United States, the son of a married mother with some university education will have a nearly 1 percent higher chance of surviving to age one than the son of an unmarried mother who did not complete

  high school. Because males are conceived in higher numbers but are more vulnerable at every step of early development, this extra Darwinian process results in more boys surviving in advantaged

  families than in poorer or otherwise stressed families.




  Why are males—not just human babies, but males of many animal species—so much more vulnerable than girls in early life? One hypothesis is that male fetuses are literally rejected by

  their mothers’ immune systems. Male cells express a protein known as the H-Y antigen, another product of the Y chromosome. This protein, which causes tissue rejection when organs are

  transplanted from men to women, could trigger a slight immune reaction by the mothers, leading to subtle damage of male fetuses and thus to their greater susceptibility to infections, malnutrition,

  drug exposure, and any other kind of prenatal insult. Such damage has never been proven, but it remains one theory for males’ greater vulnerability in early life.




  Another factor is certainly the slower maturation of male fetuses, especially of their respiratory and immune systems. Testosterone and other androgens are known to suppress immune function in

  certain circumstances, which may make boys more vulnerable to infection during early postnatal life. Boys also have a higher metabolic rate and higher activity levels, so they need more calories to

  thrive. In sum, at the end of nine months of gestation, boys are both more needy and less ready to enter the world than girls are. While most boys weather this stormy period

  without difficulty, their greater vulnerability does tip the balance for some, threatening their health, mental development, and very survival.




  Are the Old Wives’ Tales True?




  Considering the several differences between boys and girls before birth—in vulnerability, growth rate, hormone exposure, and certain behaviors—you might expect a

  pregnant woman to be able to tell whether she’s carrying a boy or a girl, even without modern technology. Of course, most parents today do opt to learn their baby’s sex before

  birth, usually in a midgestation ultrasound exam or an amniocentesis or by the newer, albeit less reliable, mail-order blood-testing kits. But what about all the old-fashioned ways of divining a

  baby’s sex before birth? Is there any truth in the old wives’ tales about differences between male and female pregnancies?




  Sex prediction is an ancient art. About 2,400 years ago, the Greek physician Hippocrates claimed that women pregnant with boys had healthier skin tones than women pregnant with girls. In modern

  times, we have Internet folklore, with dozens of methods that can supposedly be used to distinguish male and female pregnancies. Some of these, such as a difference in fetal heartbeat or in fetal

  position within the mother’s abdomen, have been clearly refuted by science. As we just saw, boy fetuses do not have a slower heart rate than girls, in spite of their slightly larger body

  size. Nor do women pregnant with boys tend to carry them lower and more in front (like a basketball) than women pregnant with girls, who are erroneously said to sit higher and spread more sideways

  across the abdomen. One recent study found that women pregnant with boys consume about 10 percent more calories during the second trimester than mothers carrying girls, but it seems unlikely that

  most women could consciously detect such a difference.




  Then there are some completely unbiological theories, such as the way a woman’s wedding ring swings when she hangs it from a thread above her belly. (Circular motion supposedly indicates a

  girl; side-to-side motion says it’s a boy.)




  There is, however, one difference between male and female pregnancies that has held up well to scientific scrutiny. Severe morning sickness, known medically as

  hyperemesis gravidarum, is more common among women pregnant with girls than with boys. This finding, first reported by a Swedish research team in 1999, has been replicated several times. The

  original study tracked all Swedish births between 1987 and 1995. Of these, 51 percent of babies were male. However, among the women with the most severe pregnancy nausea (those bad enough they had

  to be hospitalized during the first trimester), only 44 percent of babies were boys. A similar study carried out in the UK found a 46 percent male birth rate among women with hyperemesis gravidarum

  in the first trimester as compared to 51 percent male births overall.




  It’s not a huge difference, nor is it known if having milder nausea predicts fetal sex. So it’s hard to say whether a mother like Sarah could compare her first and second pregnancies

  and, noting she is less nauseated this time around, predict that her second child is a boy. Nonetheless, we do know one hormone that contributes to the nausea of early pregnancy: human chorionic

  gonadotropin (hCG), the detection of which in urine serves as the basis for home pregnancy tests. HCG levels rise dramatically in early pregnancy, and they are higher in women with hyperemesis

  gravidarum than in those with normal pregnancies. What’s more, hCG levels are higher in women pregnant with girls than in those pregnant with boys. So it’s likely that this hormone does

  make mums a little sicker, on average, when they’re carrying girls than when they’re carrying boys. Hippocrates didn’t know what hCG was, much less how to measure it, but

  considering how pale most people get when they’re feeling nauseated, perhaps he was on to something with the lack of facial color in mothers pregnant with girls.




  In fact, one recent study adds to the list of scientifically proven differences between male and female pregnancies, and it may be related to hCG levels. Psychologists at Simon Fraser University

  in British Columbia, Canada, made the surprising finding that women pregnant with boys actually scored higher on certain cognitive tests, especially short-term memory and spatial tasks such as

  calculation and mental rotation. Beginning at twelve weeks of pregnancy, women carrying boys were found to score some 30 percent higher on these tests than women carrying girls. (None of the women

  in this study knew the sex of the fetus.) What’s more, their advantage held throughout the pregnancy and even several months after their babies were born.




  It’s a startling result, and it must be replicated before we put too much stock in it. But if it’s true, it suggests that either there’s something about

  carrying boys that’s good for mothers’ brains, or there’s something about carrying girls that’s bad for them. I’m sorry to say that the study’s authors, Claire

  Vanston and Neil Watson, favor the latter view, speculating that the higher hCG levels in women carrying girls may suppress their thinking skills. It’s not such a stretch—if

  you’re feeling sick, chances are you’re not going to perform as well on tricky mental tests. But it is remarkable that the effect lasted so long—well after pregnancy had ended and

  hCG levels had returned to baseline levels in the mothers of both boys and girls.




  The sunnier view is that fetal factors actually enhance cognitive skills in women pregnant with boys. There is, as I’ll return to later in this book, some weak evidence that

  testosterone promotes male-type cognitive skills, including mental rotation. Since male fetuses start producing androgens as early as six weeks after conception, it’s possible that

  testosterone and other male factors enter a mother’s circulation and influence her cognitive skills—in this case, for the better—during pregnancy and for several months

  thereafter. But considering the small size of Vanston and Watson’s study, as well as the generally weak link between testosterone and cognitive skills, this idea remains highly

  speculative.




  Meanwhile, it’s worth exploring another notion about the mother’s brain and prenatal sex prediction: whether a woman can use her famous intuition to detect the sex of her unborn

  child. Lots of women profess to having a feeling about whether they’re carrying a girl or a boy even before the ultrasound pictures come through. Is there anything to these gut impressions?

  Can a mother somehow sense her baby’s gender, perhaps through some subconscious mind-body cues that scientists have yet to pin down?




  Researchers at Johns Hopkins University, U.S. tested this possibility by interviewing about a hundred women who had chosen not to learn the baby’s sex. (They had intended to study a larger

  group, but such mothers are not easy to find these days.) On average, women’s intuitions were not very accurate. However, when the researchers divided these women by the number of years of

  higher education they had completed, it turned out that women who had completed at least one year of university were considerably more accurate at predicting the baby’s sex than women without

  any higher education. The more educated women guessed correctly 71 percent of the time, while the less educated group was right only 43 percent of the time. The authors of the

  study admit it could be a fluke, some statistical anomaly resulting from the small number of women they were able to recruit. But interestingly, when these educated women were asked how they knew

  the baby’s sex, the ones who had been correct were the ones who had relied more on emotional reasons—that it was “just a feeling,” or a dream about the baby’s

  sex—than on objective methods such as fetal activity level or comparison to a previous pregnancy.




  Neuroscientists are increasingly appreciating the power of emotion over supposedly rational thinking. The body signals the brain in countless ways—through sensory nerves, hormone release,

  metabolic changes, and immune responses. Most of the time, we are unaware of these cues, but they undoubtedly sway our thoughts, memories, planning, and decision-making. A pregnant woman’s

  brain may receive an extra jolt from that second tiny body with its own physical and chemical life. Perhaps, then, there really is something to a mother’s intuition, and it starts cluing her

  in, even during pregnancy, about the mysteries of her new child, including his or her emerging gender.




  My husband and I were in that odd group that chose not to learn the sex of any of our babies before birth. With our first child, we convinced ourselves we didn’t care, nor can I remember

  feeling any particular intuition about her. With the second, I was pretty darn curious and can now confess that I inadvertently saw the XY chromosomes while peeking at the amniocentesis report in

  my medical chart. By the third, I was downright obsessed with our baby’s sex. Still, we managed to avoid the answer in my ultrasound and amniocentesis reports. Instead, I waited, monitoring

  every little hiccup and queasy bout for hints about our family’s final makeup.




  As it turned out, I was wrong. I had Toby pegged as a girl, probably reflecting wishful thinking more than anything. (I’d hoped Julia would have the sister I’d always wanted.) But in

  hindsight, and after three pregnancies, I believe there was one clue, which leads me to suggest a new wives’ tale about differences between male and female pregnancies.




  It has to do with sex drive. As we’ve seen, male fetuses produce testosterone, beginning about six weeks after conception. Some years ago, scientists confirmed that women carrying male

  fetuses have higher levels of testosterone circulating in their bloodstreams than women carrying female fetuses, especially during the second half of gestation. Apparently, some of the testosterone

  pumped out by boy fetuses crosses the placenta and makes it into their mothers’ blood. The difference is reliable enough that researchers in the 1970s proposed using

  maternal blood levels of testosterone as a method for prenatal sex determination. (They would have persevered if ultrasound imaging hadn’t taken off shortly thereafter.)




  It may interest you to know that testosterone acts as a kind of aphrodisiac in women. Women with low sex drives, as sometimes happens in those who have undergone hysterectomies, are often

  treated with testosterone, which has been shown to increase both their interest and pleasure in sex.17 Testosterone is produced in females by the ovaries

  and adrenal glands, but the levels are obviously much lower than in males. Could the elevated levels of testosterone in women pregnant with boys cause them to have higher libidos than women

  pregnant with girls?




  Inspired by my own male pregnancies, I’ve scanned the scientific literature for evidence of such an effect. So far, I’ve found nothing. Either researchers haven’t uncovered any

  particular difference in sex drive between women carrying boys and those carrying girls, or they haven’t bothered to ask. Until they do, I’ll continue to spread my own new wives’

  tale. It may be just my overactive imagination, but whatever the reason, I confess that I really enjoyed being pregnant with our boys.




  Sex and the Prenatal Universe




  Newborns are hardly the most sexual beings around, but their male- or femaleness has already begun to be shaped by the nine months of development before birth. For most babies,

  this development proceeds normally, according to the male or female plan. Equipped with a Y chromosome, a boy’s SRY gene kicks off the development of the testes, which then send testosterone

  surging to the brain, where it presumably (though the evidence is still largely lacking) begins shaping circuits for later male behavior. Or if the baby has two X chromosomes, she makes ovaries,

  which produce hormones with less sway, at least prenatally, over brain development. The X and Y chromosomes may also act in more direct ways to masculinize or feminize babies’ brains before

  birth, although scientists are just beginning to piece together this part of the puzzle.




  Clearly, nature sets the ball rolling, biasing boys and girls toward different interests and behavioral styles even before they’re born. But prenatal testosterone is

  not everything. What happens next, when these small, immature brains meet our inexorably gender-divided culture, is also crucial. From their faint beginnings, sex differences become quickly

  magnified as babies enter a world that sees them as, above all, either boys or girls.
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      Under the Pink or Blue Blanket


    


  





  WE HAVE A NEW BABY in the family. He’s so small and sweet that everyone keeps squabbling over who gets to play with him and cuddle him at

  night.




  Okay, he’s a kitten, but our affectionate urges are much the same. And just like a human baby’s, his gender is not much of an issue at this point. While full-grown male and female

  cats have very different personalities, little of that is evident in kittens. (Then again, little Snookie isn’t going to experience much life as a tom, since we plan to neuter him at six

  months of age.)




  Similarly, when it comes to boys and girls, few differences are obvious in early infancy. Scientists have certainly looked for them, reasoning that the earlier they can detect sex differences,

  the likelier they’re due to purely innate factors and not simply to mums and dads nurturing their tiny sons and daughters differently. Sure enough, when scientists look closely and study

  large numbers of newborns, they have been able to document a few significant differences between infant boys and girls. But generally speaking, the differences are few and far between, nothing like

  what we see later in childhood.




  In this chapter, I’ll explain what’s known about the similarities and differences in boys’ and girls’ bodies, brains, skills, and maturation in the first year of life.

  Some differences are present at birth; others turn up along with the many new skills infants acquire during the exciting first year. Hormonal surges, while not as dramatic as before birth, may also

  play a role in the growing differentiation of boys and girls during infancy.




  But parents are another big part of this equation. In spite of our best efforts, mums and dads don’t treat sons and daughters exactly the same. The two sexes start out a little bit

  different, and we, with our own lifetimes of cultural experience, react differently to them from their earliest days. In this chapter, we’ll explore what psychologists have discovered about

  the different ways parents interact with boys and girls, not all of which are conducive to raising strong, well-rounded children. I’ll conclude with suggestions of what parents can do from

  the very beginning to promote the emotional and cognitive development of their infant sons and daughters.




  Boys and Girls at Birth




  Like kittens, newborn babies are all pretty much the same. Don’t get me wrong; I find newborns amazing—almost magical in their tiny perfection. But aside from

  marveling at their microscopic toes and startlingly strong grips, parents don’t have a whole lot to “ooh” and “ahh” about. They sleep (blessedly), feed, cry, and

  sometimes make amazing eye contact. But there is little that jumps out to reveal their future personalities, interests, talents, or even endearing quirks.




  Still, there are a few consistent differences between the sexes, and these probably do influence the way boys and girls get started in life. The most obvious is size: at birth, boys are larger

  than girls, on average about four to five ounces heavier and half an inch longer. This difference helps explain why boys have a more difficult time being born. Women labor an average of twenty-four

  minutes longer and are more likely to use analgesic medications when delivering boys. Electronic monitors are now used to track the baby’s heartbeat throughout the birthing process, and boys

  are found to undergo fetal distress more often than girls do during this dicey time. This means that boys are about 50 percent more likely to end up being delivered by C-section, an operation that,

  while often lifesaving, is associated with greater risks than vaginal delivery for both mother and baby. At birth, boys are about 30 percent more likely than girls to receive a low Apgar score,

  which is a measure of a newborn’s color, breathing, and cardiovascular function that indicates how well the baby fared during the birthing process and how the baby is adjusting to life

  outside the womb. Newborn boys also score a bit lower than girls do on the Brazelton scale, which is a more thorough assessment that measures many aspects of neurological

  maturity.
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