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Preface

Most books set out to answer questions. This book sets out to question
answers. The answers I question have to do with the nature and causes of
differences between men and women, and between straight people and gay
people. Specifically, I question what we “know” about male and female
brains, or gay and straight brains.

When Simon LeVay reported in 1991 that he had found a difference in
brain structure between gay and heterosexual men, which was trumpeted
as the discovery of “The Gay Brain,” I found it interesting but also puz-
zling. How could gayness take a single identifiable form in the brain when
it takes such varied forms in people’s lives?

At the time, I had already been engaged for several years in large-scale
sexuality research related to the AIDS epidemic. In an outreach storefront
in Washington, DC, I ran a project that focused on injection drug users. It
was there that I first met a lot of gay men. These men were not the poster
children of the gay rights movement, but were poor, struggling with addic-
tion and recovery, and trying to avoid or outlive AIDS. And so were their
heterosexual brothers, with whom I also worked. In fact, these men were
so similar in demeanor, dress, and daily struggles that without our detailed
interviews, it was impossible to tell the difference between the gay and
straight men. In LeVay’s study, the homosexual men were a singular
“type” unlike the (also homogeneous) heterosexual men, and they were
also somehow similar to (presumably straight) women. Those are com-



mon enough ideas both inside and outside of science, but our research
challenged these notions.

The reason for this was our research methods. Since our main questions
didn’t have to do with sexual orientation, our preconceptions about sexual
orientation didn’t shape the way we gathered our information. We asked
people to join the study based on their drug use or their connection with
drug users, not their sexuality—not their sexual practices or identities, not
the gay or straight reputation of the bars or neighborhoods they hung out
in, nor even how we perceived them as straight or gay. We asked everyone
extremely detailed questions about their sexual practices with both same-
sex and other-sex partners. Scientifically, this approach is a much more re-
liable way to get information about the nature of sexuality in a population
than to go out looking for gay and straight people to compare. The num-
ber and variety of people who talked about same-sex relationships sur-
prised all of us—including the gay and lesbian staff members who thought
we had finely tuned “gaydar.” The bias in epidemiology at the time was to
see same-sex behavior among people outside of well-defined gay commu-
nities as being “instrumental”—meaning that it was due to drug use, in-
carceration, or sex work. But as we spent hours and weeks and eventually
years with our participants, growing to know and love many of them, it
was clear that they had same-sex relationships for the same reasons they
had heterosexual relationships: desire, affection, and love. The thousand
or so sexual histories we gathered fed into an enormous pool of research
that eventually included information on the sexual and drug-using behav-
ior of tens of thousands of people from more than fifty cities. And on the
basis of this research, it would be very hard to suggest that either men who
desire and have sex with men, or women who desire and have sex with
women, are a distinct type of person, or are somehow “like” heterosexuals
of the other sex (Young, Weissman, and Cohen 1992; Young et al. 2000;
Young and Meyer 2005).

So how could I make sense of what LeVay had found? What functions
might relate to the brain structures that he suggested were somehow con-
nected to both sex and sexual orientation? Where did the brain differences
come from? And are they the cause of differences in behavior, personality,
or desires, or the result of them?

Some years later, when I was in graduate school, one particular semester
had my brain stretching in almost too many directions to bear. I was study-
ing psychometrics, observational epidemiology, and biostatistics, and I de-
cided to add a class on “the gay brain.” LeVay’s 1991 study was on the syl-
labus, and by then, I knew enough to spot quite a few problems with it.
But other studies seemed to point in the same direction as his: Dick Swaab
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and Michel Hofman (1990) had reported another structural difference be-
tween the brains of heterosexual and gay men, and Laura Allen and Roger
Gorski (1992) reported yet a third. Each of these research teams was also
looking at male versus female differences in the brain. It turned out that
none of the studies could answer my earlier questions about function, and
none of them even entertained the idea that the structural differences
might come from behavior and experience, rather than the other way
around. Instead, through these studies, I learned about the largely unques-
tioned theory that was guiding the work of these research teams and many
others. According to this theory, prenatal hormone exposures cause sexual
differentiation of the brain—that is, early hormones create permanent
masculine or feminine patterns of desire, personality, temperament, and
cognition. Further, hormones later in life could “activate” behavioral pre-
dispositions, but the predispositions themselves result from the initial “or-
ganizing” effect of hormones very early in development, before birth. In-
trigued, I began to look for other research related to this theory, which
some scientists call the “organization-activation hypothesis,” and some
call the “neurohormonal theory.” I was particularly interested in studies
that explore the earlier, organizing role of hormones, the time when hor-
mones presumably cause sex-typed predispositions. I think the clearest
way to refer to that work is by the term brain organization research, so
that is the term I use in this book.

Once I began looking into this theory, I couldn’t look away, and I have
now spent thirteen years exploring brain organization research. I was not
initially interested in using my analysis to reflect back on how well or how
poorly brain organization theory was supported by the evidence from
these studies. I was more interested in methods, particularly in how scien-
tists resolved the problem of measuring something as complex as sexuality
or gender in such a way that these in turn could be associated with brain
structure or hormone exposures. I was also curious to see how scientists
differed in their approaches, and what kinds of methods they used to
translate research findings across different study designs. Focusing on orig-
inal, peer-reviewed research in English-language scientific journals, I used
a combination of strategies to identify studies, beginning with a small set
of high-profile studies and searching for the research those works cited, as
well as subsequent studies that cited my index cases. I identified the
“founding paper” in the field (Phoenix et al. 1959), in which the theory of
brain organization was first proposed, and systematically searched for re-
search reports on humans that cited that paper. Using the ISI Web of Sci-
ence, Medline, and PsychInfo databases, I combined keywords about hor-
monal “inputs” (such as prenatal, in utero, organizing effects, hormones,
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testosterone, estrogen, progesterone) with psychosexual “outputs” (such
as masculinity, femininity, eroticism, sexual behavior, psychosexuality,
sexual orientation). Early on, I limited myself to analyzing studies that ex-
plored the connection between prenatal hormone exposures and human
sexuality. I ultimately analyzed virtually every study on the ostensible pre-
natal hormone-sexuality connection published from 1967, when the the-
ory was first applied to humans, up to the year 2000, when the increased
flow of research in this area made it no longer possible to examine every
published study in depth. I continued to examine all major studies (those
published in the most important journals, those that garnered a lot of sci-
entific attention, and those by well-established scientists) through 2008.
Further, because brain organization research had always addressed
broader questions of masculinity and femininity, I expanded my ongoing
search strategy to identify studies that focus on those variables, too. I have
now done a close analysis of over three hundred studies that span all of the
many research designs used to explore the hypothetical connection be-
tween prenatal hormone exposures, on the one hand, and human sexuality
or gender, on the other.

I also interviewed scientists. I did an influence analysis to identify the
twenty-five most influential people doing brain organization research,
based on how their studies were cited by other scientists. Twenty-one of
them generously agreed to be interviewed; five spoke with me at least
twice. They talked with me about the theory and about the nitty-gritty de-
tails of their studies: subject recruitment, questionnaires, statistical analy-
sis, and so on. I enjoyed those conversations, and many of the scientists
told me that they were happy for the chance to step back from their work
and think about the field as a whole, or about conceptual issues that some-
times take a backseat to daily research practice. I am grateful for their time
and their openness with me. The interviews were of immeasurable value to
me in making sure I understood scientists’ varied research approaches, as
well as their disagreements with one another. I use quotations from the in-
terviews somewhat sparingly, though, because I am less interested, in this
particular book, in what scientists say than in what they do in their re-
search practice. Several scientists were wary about controversies that had
erupted shortly before I began my interviews, so I follow standard
ethnographic practice, and treat the interviews as confidential. In a few
places where I have used material that bears directly on a particular scien-
tist’s work, I have used their names with permission. Elsewhere, they are
identified by simple pseudonyms (Dr. A, Dr. B, etc.).

The closer I looked at brain organization research, the less it made
sense. My initial focus on methods gradually gave way to the realization

Preface p xii



that the evidence simply does not support the theory. In this book, I ask
readers to follow the same journey I have taken, looking closely at the
measures and methods in order to understand gaps and fundamental con-
tradictions in the data. Although I find much fault with research done in
connection with brain organization theory, I hope that the researchers who
generously shared their time with me, as well as others who read this
book, will take it in the spirit of constructive criticism in which it is of-
fered.

Brain organization research is important because it engages deep and
enduring questions that practically everyone shares: how do we come to be
the sort of people we are? How do our bodies matter to our personalities,
skills, interests, and desires? These are great questions, but sometimes we
treat them like rhetorical questions, and plug in answers that seem right
just because they are familiar.

For instance, when I talk to people about the idea that people are born
with a male brain or a female brain, I almost always end up hearing about
their experiences with children. A few people relate tales of unexpected
flexibility or gender-bending, but most relay their experiences with boys
who practically radiate “boyness” from some deep space within (interest-
ingly, I hear many fewer stories of girls who are sugar and spice and every-
thing nice). Recently, my mother happened to be present for one of these
conversations, and she very matter-of-factly presented what is considered
these days to be a radical idea. Before relaying her idea, let me explain that
my mother is a lovely southern lady who has raised an impressive number
of children: four boys and four girls of her own, in addition to playing a
major role in raising some half dozen of her more than two score grand-
children and great-grandchildren (I think she’s drawing the line at the
great-great-grandchildren). When my friend talked about her girl being so
different from her younger brother, who is “all boy,” my mother literally
snorted. “That’s because you only have two,” she said. Mama went on to
explain that with just a couple of children, gender looms large—it’s the
most obvious explanation for every difference you see between them, and
unless your children are really unusual, it’s going to be easiest to see their
personalities as “boy” versus “girl.” But when you have a lot of children,
you begin to notice that they all come with personalities of their own, and
they are all quite different from one another. Gender recedes in impor-
tance.

Of course, that doesn’t mean that gender isn’t real. One particular ques-
tion about the “realness” of gender is at the heart of this book: how is gen-
der connected to bodies, specifically, to the brain? And how does sexuality
figure in that connection?
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Brain organization theory offers a pretty tidy answer: it’s all down to
“sex hormones” that shape the brain before birth. Get enough “male hor-
mones” and you’ll be masculine in desires, interests, and personality.
Maybe it’s the Missouri in me, but I am never happy with an answer if it’s
too easy. I really do demand evidence: “show me.” And I expect you want
the same, so that’s what I do in this book.
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c h a p t e r o n e

Sexual Brains and Body Politics

A little girl, given trucks to play with, calls them “daddy truck”
and “baby truck.” A child, raised as a girl after a tragic accident that

destroyed his penis, rejects a female identity and insists that he is a boy. A
woman wisecracks that the difference between how females and males
learn is that you can teach her how the dishwasher works, but you can’t
make her interested in it.

Stories help us understand the world. These modern parables about sex
differences underscore what it means to be male or female, and suggest an-
swers to questions that intrigue us, such as how changeable or resistant to
“tampering” sexual natures are. For many people today, the most authori-
tative stories come from science, and the dominant scientific tale about sex
differences goes like this: Because of early exposure to different sex hor-
mones, males and females have different brains. Moreover, the same pro-
cess that makes men and women fundamentally different is responsible for
within-sex differences in sexual orientation, so “gay brains” are also dif-
ferent from “straight brains,” courtesy of early hormone exposures.

Increasingly, scientists in the public eye have characterized skeptics of
this idea as politically correct ideologues who are, in Steven Pinker’s
words, “on a collision course with the findings of science and the spirit of
free inquiry” (2005, 15). Writing for Scientific American a few years ago,
neuroscientist Doreen Kimura (2002, 32) put it this way:



For the past few decades, it has been ideologically fashionable to insist that
[male–female] behavioral differences are minimal and are the consequence of
variations in experience during development before and after adolescence.
Evidence accumulated more recently, however, suggests that the effects of sex
hormones on brain organization occur so early in life that from the start the
environment is acting on differently wired brains in boys and girls.

Of course, science itself isn’t just one thing, and there isn’t just one story
that “science” tells about sex in the brain. But this particular story—brain
organization theory—is especially prominent. Unlike tales about child-
hood play or a woman’s level of interest in how her dishwasher works, it’s
hard for the average person to critically engage with a story that comes
from the rarified domain of cognitive neuroscience. (It’s not that easy for
scientists to critically engage with the story, either: there’s nothing more
chilling to a scientist than being called “ideologically fashionable.”)

In daily life, people understand that it is important not only to listen to
talk about how things work but also to directly observe how things work.
Likewise, it could be very informative to go behind scientists’ theories
about sex in the brain and look instead at the research they do. But how?
The volume of studies is enormous, and the technology involved seems
ever more sophisticated, making it very difficult for laypeople—or even for
scientists outside of particular subspecialties—to do anything but stand
back and be impressed with the sheer quantity of this work. But the first
premise of this book is that ordinary people can take a hard look at how
research supporting brain organization theory is done. In the chapters that
follow, I present a synthetic, critical analysis of the evidence that human
brains are “hardwired” for sex-typed preferences and skills by early hor-
mone exposures, and I build the analysis on simple rules of “symmetry”
that are easily understood by nonspecialists.

Despite the high profile of this theory, this is the first synthetic analysis
of organization theory research on humans, including more than three
hundred studies conducted from the late 1960s through 2008. There have
been other summaries of brain organization research (Berenbaum 1998;
Hines 2004; Cohen-Bendahan, van de Beek, and Berenbaum 2005), and
past critics have pointed out methodological weaknesses that call the re-
sults of particular studies into question (Longino and Doell 1983; Schmidt
and Clement 1990; Byne and Parsons 1993; Fausto-Sterling 1985 and
2000). But these summaries haven’t been systematic in the same sense as
my analysis here. What has been missing is a rigorous and comprehen-
sive synthesis of the studies, considering all the different findings from
studies across the many designs that scientists use to test the theory. If the
studies on brain organization were more similar, it would be ideal to do
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a meta-analysis—a statistical approach in which data from many studies
are pooled and analyzed together. Unfortunately, the network of research
on brain organization theory is too diverse to do a conventional meta-
analysis.

But there is something special about these studies that offers another
way of doing synthetic analysis. Each study of how prenatal hormones
sexually “organize” the human brain is a quasi experiment, rather than a
true experiment. In true experiments, subjects would be randomly as-
signed to receive particular hormone exposures, and their development
would be observed over the life span, keeping rearing experiences and en-
vironments constant across experimental and control groups. Of course,
this isn’t possible with humans, so scientists must piece together evidence
from animal studies, and from individual human quasi experiments that
are by definition partial and uncontrolled. The interpretation of every
quasi experiment depends on carefully placing that study within the over-
all body of evidence. So, a synthetic analysis of quasi experiments can ac-
tually be done by mapping the structure of studies, to see how well the
studies fit together.

The second premise of this book is that it is not just possible, but ur-
gently necessary, to reopen the questions that have been closed by accept-
ing brain organization as a done deal. To broadly anticipate my findings,
evidence that human brains are hormonally organized to be either mascu-
line or feminine turns out to be surprisingly disjointed, and even contradic-
tory—and the stakes involved in prematurely promoting this theory to a
“fact” of human development are high, both for the advancement of sci-
ence and for social debates that draw on science. In the last chapter, I begin
to sketch some ways in which breaking free of brain organization theory
as it is currently conceived may stimulate better science, specifically more
dynamic research on human development. As for the importance of this
theory to social debates, I don’t devote much space in the rest of this book
to how such research matters in the broad world outside of science. So I
want to point here to just a few of the reasons why a hard-nosed under-
standing of brain organization research is so important.

The idea that men and women “naturally” think and act differently be-
cause they have distinctly male or female brains is not new, but a number
of high-profile controversies over the past few years have given the idea
new prominence, especially as an explanation for why there aren’t more
women in science, engineering, and mathematics. Shortly after a report
from Massachusetts Institute of Technology cited widespread discrimina-
tion against women at MIT (1999, 15), the debate over women in math,
science, and engineering moved from its usual simmer into one of its peri-
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odic fierce eruptions. While the report drew widespread praise and at-
tention (Loder 2000; Goldberg 1999), it also provoked skepticism and
counterarguments suggesting that the dearth of senior women at MIT was
less a reflection of discrimination than an inevitable reflection of the differ-
ence in male and female brains. In a presentation to the National Academy
of Engineering that garnered a good deal of press, Patricia Hausman flatly
asserted that barriers for women in science and engineering “don’t exist.”1

Instead, she argued, occupational gender differences can be explained by
“exposure to testosterone during a key phase of fetal development [that]
appears to influence spatial ability and some aspects of personality” (P.
Hausman 2000, 4).

A few years later, in The Essential Difference: The Truth about the Male
and Female Brain, psychologist Simon Baron-Cohen (2003a) put some
new clothes on the male brain/female brain idea in the way of updated ter-
minology for these sex-differentiated organs: “systemizers” and “empa-
thizers.” Baron-Cohen notes that “professions such as maths, physics, and
engineering, which require high systemising, are also largely male-chosen
disciplines,” and points to high fetal testosterone as explaining the connec-
tion (Baron-Cohen 2003b, 4). Although Baron-Cohen’s work has mostly
been warmly reviewed, some such pronouncements have provoked fierce
controversy. Most famously, Larry Summers, former president of Harvard
University, suggested that innate “taste differences” between the sexes and
a male predominance in high-end aptitude are probably the most impor-
tant reasons women are underrepresented among tenured scientists and
engineers at top research institutions (Summers 2005). Summers didn’t di-
rectly invoke brain organization theory to support this idea, but almost all
the scientists and pundits who came to his defense in the ensuing firestorm
did (for instance, Pinker 2005; Klienfeld 2005).2 The notion that there are
male brains and female brains has continued to crop up in controversies
over women in math and science, but it has also recently shown up in dis-
cussions of single-sex education, sex disparities in wages, “abstinence-
only” sexuality education curricula, the protocol for medical treatment of
children born with ambiguous genitalia, and yes, even the out-of-control,
risky trading that recently brought the economy to its knees (see, for in-
stance, Klienfeld 2005; Byne 2006; Stein 2009; Weil 2008; Tyre 2005; Sax
2005; U.S. House of Representatives 2004; Kay and Jackson 2008; Ceci
and Williams 2007; Wilson and Reiner 1998; National Academy of Sci-
ences 2006).

The same theory connects sex differences in the brain to sexual orienta-
tion, and it’s common for scientists to explain the theory by connecting
“sex-typical” patterns of interests, cognitive skills, and sexuality. For ex-
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ample, in explaining evidence that many scientists find to be some of the
strongest for demonstrating that the human brain is hormonally organized
to be masculine or feminine, neuroscientist Sandra Witelson cites “girls
who have a hormone disorder that causes them to have higher testosterone
levels in utero. ‘In these girls, their play patterns, their spatial ability and
even their sexual orientation are much closer to the male pattern’” (Weise
2006, quoting Witelson).

In an era where diversity is celebrated, the idea of “sex in the brain” no
longer equals an endorsement of male superiority, and critics of the idea
are increasingly cast as not only antiscience, but antidiversity. The most
straightforward claims of this sort are made in connection with the rights
of sexual minorities. In a popular media campaign, the Gil Foundation
uses a cartoon dog named Norman who moos instead of barks: Norman
was “born different.” The gist of the ad is that gay men, lesbians, and
transgender people of both sexes have brains that are “wired” differently
from most people, and that accepting this is an important component of
combating anti-gay prejudice. And while the notion of innately different
preferences in men and women was once politically suspect, it is now often
suggested that accepting these innate differences will encourage a more ra-
tional approach to equality. Should boys and girls be taught differently, be-
cause the sexes have innately different patterns of learning? Perhaps we
should stop striving for parity in the professions, for example, or for an
equal division of parenting labor, because women and men want different
things out of life and are temperamentally suited both for different work
and for a different balance between career and family (Hewlett 2002;
Story 2005; Young 2006). Sociologist Linda Gottfredson warns, “If you
insist on using parity as your measure of social justice, it means you will
have to keep many men and women out of the work they like best and
push them into work they don’t like” (quoted in Holden 2000, 380).

No area of social policy has been so charged by brain organization the-
ory as the protocol for the medical treatment of intersex infants, chil-
dren born with genitalia that either are ambiguous or don’t “agree” with
genetic sex. Research on intersex conditions is a cornerstone of studies
related to brain organization, and the various conditions are discussed
throughout this book. It is also important to consider one high-profile case
that concerns someone who was not born intersex, but on which ideas
about both brain organization in general and intersex management in par-
ticular have disproportionately hinged. David Reimer, also known in the
research literature as “John/Joan” (Money and Ehrhardt 1972) and in the
popular media as “the boy who was raised as a girl” (Colapinto 2001),
was born a normal male infant, and an identical twin. Reimer, whose life
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tragically ended in suicide a few years ago, was raised as a girl after his pe-
nis was irreparably damaged in infancy. Reimer’s doctors, especially the
famous sexologist John Money, had believed that Reimer could not de-
velop a normal male identity without a penis. Money’s prior research sug-
gested that gender (one’s sense of self as male or female) was “flexible” un-
til about age 2 and was largely determined by socialization rather than by
biology. Money’s advice was to rear the child as a girl, and Money cited
“Joan’s” successful adjustment as especially compelling evidence for the
importance of rearing in gender development (for example, Money and
Ehrhardt 1972).

In the late 1990s, however, news began to emerge that Reimer had re-
jected a female identity, insisting that he was really male. Another group of
scientists, especially Money’s archrival Milton Diamond, interpreted this
to indicate that Reimer’s male identity was “fixed” in his brain because of
the testosterone he had produced as a normal male fetus. After a revision
of the case in the medical literature, and a BBC documentary, Reimer’s
story was broken to a broader public with an article in Rolling Stone
(Colapinto 1997). The article was followed by a popular book (Colapinto
2001), which in turn was followed by almost countless popular articles,
television and radio stories, and even a special science documentary for the
PBS science series NOVA. It is safe to say that nothing has done more to
dramatize the theory of brain organization. So it is particularly fascinating
that the psychologist John Money, who is presented in the popular version
of that story as the absolute embodiment of “blank-slate thinking” about
gender, was in fact the very first scientist to extend brain organization the-
ory to humans. In an especially odd coincidence, Money first tentatively
applied brain organization theory to humans in 1965—the year David
Reimer was born (Money 1965a).

The riveting story of “the boy who was raised as a girl” is perhaps an al-
legory for the story of brain organization theory. Things aren’t always
what they seem. In spite of the much-heralded early reports, it is not
“easy” to turn a child who is born a normal boy into a girl. And in spite of
later reports that painted him as an extreme proponent of socialization
theory, John Money turns out to have been one of the most important and
prolific researchers producing studies of hormone effects on human behav-
ior. There are more complications to tell and corrections to be made, but
these must wait until later chapters. Suffice it to say that while we should
honor David Reimer’s fundamental sense of masculinity, and take sober
account of the ways in which his treatment was mismanaged, we should be
cautious about accepting the conclusion that so many have drawn from his
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difficult life: that testosterone in the womb was responsible for his unshak-
able sense of masculinity.3

Brain Organization Research
and the Biosocial Model

Given the popular image of John Money as a radical proponent of social
factors in sexual development, it may be particularly confusing that femi-
nist biologists and philosophers of science usually describe Money and
his longtime collaborator Anke Ehrhardt as primarily “biologically ori-
ented” researchers (Bleier 1984; van den Wijngaard 1997). Money and
Ehrhardt, as well as her collaborator of more than thirty years, Heino
Meyer-Bahlburg, have thought of themselves all along as “interactionists”
who believe in the importance of both biology and the rearing environ-
ment. When I interviewed Anke Ehrhardt in 1998, she indicated that the
idea that hormones would create inborn, behavioral predispositions for
masculinity or femininity was unexpected and went against the grain of
the working hypotheses among Money’s team:

[It was] really in some ways, against what we all believed in Money’s unit. . . .
as you know, at the same time, Money had broken the taboo about gender
identity, that gender identity could develop in contrast to biological variables
and in concordance with the sex of rearing. But Money was really an early
interactionist and thought always that you can’t split the body from the mind.
But he thought, well . . . here are these interesting animal experimental data
. . . so I think we were truly open, because of these different kinds of mental
sets. (Ehrhardt interview, December 4, 1998)

Among scientists conducting brain organization research, Money,
Ehrhardt, and their respective collaborators have indeed devoted more ink
than others to emphasizing social aspects of development. In the inter-
views I conducted, some scientists praised their approach as especially
thoughtful (e.g., Drs. H and J), while others ridiculed them for using “dis-
claimers galore” about the effects of hormones (Drs. A and F). The range
of opinions about Money, especially, mirrors a number of other differences
among brain organization researchers and helps counter any simplistic no-
tion that these scientists pursue biological research on sex differences out
of some uniform agenda. This is not to say that scientists conducting this
work do not have agendas, some more explicit than others. Rather, the
point is that their ideas diverge in significant ways from one another, so the
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story of how brain organization research unfolded should not be read as
the story of a tight scientific club. It’s especially important to keep that in
mind when I describe the “network of brain organization research,” be-
cause the term network is often employed to describe groups of connected
people, and in science studies especially to describe how personal and pro-
fessional connections among scientists shape the scientific knowledge they
produce. Certainly there are quite deep connections among many scientists
who study brain organization, and such connections undoubtedly influ-
ence their work, but that is simply not the subject of this book. Instead, I
use the idea of a network of studies to signify that all such studies are con-
nected by a single theory about how hormones affect the developing brain.
This is not a sociological claim, but a scientific one: because these studies
all relate to the same theory, they must also all relate to one another. That
point is important for understanding how strong the theory itself is, as will
become increasingly clear throughout this book.

The fact that scientists doing brain organization research disagree about
the relative importance of social experiences versus hormone exposures
can obscure a fundamental issue on which they do agree, namely, the
way in which nature and nurture contribute to development. Money and
Ehrhardt’s analytic model, which set the stage for decades of research on
hormones and sexuality, is not truly interactionist, because it does not at-
tempt to account for how physical and social variables actually work in
tandem. Biologist Ruth Doell and philosopher Helen Longino put their
finger on this problem years ago when they dubbed Money and Ehrhardt’s
approach as a “linear model” of development that treats the brain as a
“black box with prenatal hormonal input and later behavioral output”
(Doell and Longino 1988, 59).

These days, opposing “interactionism” is about as popular as being
against “freedom,” so brain organization researchers all call themselves
interactionists, though they actually continue to employ the same model.
This additive “biosocial” model can allow for both biological and social
variables, but each is seen making a separate contribution that can be
added or subtracted without changing the way the other affects develop-
ment. An interactionist model, on the other hand, suggests that the charac-
ter (not just the amount) of biological influence is affected by specific as-
pects of the environment, and vice versa. I explore the idea of interaction
in much more detail in Chapter 10. I also show, especially in Chapter 9,
that most brain organization studies do not include social variables in their
models at all, let alone explore potential interactions between these and
the hormones that they see as the main actors.
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Some Notes on the Aims of This Book

Because the research I’ve described is so politically important, and so polit-
icized, it’s worth pausing briefly for some comments on what this book
is, and is not. First, this book is not about the political commitments of
scientists who do the research. Scientists who conduct brain organization
research often participate in policy debates, sometimes quite directly. Rich-
ard Udry, for example, who has reported correlations between prena-
tal testosterone levels and women’s “gendered” behavior, concludes that
“males and females have different and biologically influenced behavioral
predispositions.” That sounds neutral enough, but the lessons he suggests
for society are rather more ominous: “If [societies] depart too far from the
underlying sex-dimorphism of biological predispositions, they will gener-
ate social malaise and social pressures to drift back toward closer align-
ment with biology” (Udry 2000, 454). Other scientists are usually some-
what more cautious in this regard. Psychologists Anke Ehrhardt and Susan
Baker (1974, 50) suggested more than three decades ago that prenatal hor-
mone effects “in human beings are subtle and can in no way be taken as a
basis for prescribing social roles.” More recently, Sheri Berenbaum and
Melissa Hines have both cautioned against abandoning efforts “to in-
crease the participation of girls and women in science and engineering, be-
cause it is likely that other factors are also involved in the underrepresenta-
tion of girls and women in these fields” (Berenbaum 1999, 108; Hines
2007).

Nonetheless, while comments like this indicate that scientists are inter-
ested in—and sometimes perhaps a bit worried about—the social implica-
tions of their work, I think it would be a mistake to view research related
to brain organization theory as motivated primarily by the political com-
mitments of scientists. In fact, after analyzing hundreds of studies, listen-
ing to talks that scientists have given on the topic, and interviewing nearly
two dozen of the most important scientists in this research area, I’ve come
to the conclusion that there is a huge diversity of opinion among scientists
themselves about what the idea of brain organization means for social
questions like programs to address gender disparities, or policies regarding
the rights of sexual minorities. Thus, although scientists’ political and so-
cial ideas are sometimes quite interesting, and no doubt important for the
way they conduct their own research, I don’t think it’s the really big story
for understanding the research overall. Ditto for who does the research:
though the research is often deployed in debates about sexual difference
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and equality, the important scientific actors in this field have always in-
cluded many women, and increasingly include gay scientists. There are no
obvious associations between the social identities of the researchers and
the studies’ focus and findings.

Second, this is also not a book about whether differences are “good” for
women, sexual minorities, or anyone else. Like many other scientists and
science watchers, I believe history shows that there is never a clear message
to be drawn from scientific findings of “difference” versus “sameness”
(Fausto-Sterling 2000; Terry 1997).4 For the record, I’m a strong supporter
of sexual equality—including full rights and justice for sexual minorities—
but so are many of the scientists with whom I disagree when it comes to in-
terpreting research on brain organization.

Finally, and most emphatically, this is not an “antiscience” book, and
it’s also not an “antidifference” book. Questioning brain organization the-
ory is not the same as rejecting either science or biology. To the contrary,
the aim of this book is to invite a deeper consideration of the science that
underlies the theory—not to foreclose, but to reinvigorate, free inquiry on
the subject of sex differences in the brain. I do not reject the idea of sex dif-
ferences in the brain as either “dangerous” or implausible—to be honest,
I’m somewhat amazed that there are not more sex differences in the brain,
for reasons that I will explain in the final chapters. But the standard stories
about male and female brains are both stale and unscientific, often incor-
porating unfounded assumptions (about how and when differences arise,
and so on), and premature leaps (for instance, drawing firm conclusions
from small and unreplicated studies). In more than a decade of looking
closely into the very interesting world of research on hormonal organiza-
tion of the brain, I have tried to reopen key questions that many other sci-
entists assume have been closed, asking not just what we know, but how
we know it.

Throughout this book, I examine scientists’ methods in conducting
brain organization research in a way that can be seen as a hybrid between
the kind of critique that is the model for scientific peer review and the kind
of critique that is more common in science and technology studies (STS).
STS scholars have demonstrated that scientific research contributes to,
rather than simply reveals, the meaning of phenomena that are studied.
Rather than continuing to point this out as though good science can and
should be purged of contaminating social factors, science and technology
studies over the past few decades have focused on illuminating how social
or practical factors are woven into the practice of science—all science, that
is, excellent as well as bad or simply run-of-the-mill science. Dozens of
empirical studies demonstrate how factors that the conventional account
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would suggest are contaminating or irrelevant to the legitimate business of
science, including but moving well beyond scientists’ expectations or be-
liefs, shape science every step of the way. These factors range from the
choice of what constitutes interesting problems or “puzzles” for research,
to understandings of what information in the world gets recognized as rel-
evant data for the problem at hand, to the physical layout of labs or the
choice of one technique over another, to the interpretation of experimental
results (Gieryn 1999; Haraway 1989; Latour and Woolgar 1986; Mol
2002; Star 1989).

This book is indebted to recent work in science and technology studies,
but it is distinct from recent STS work in two key ways. First, there has
been a highly productive emphasis on ethnography and “lab studies” over
the past few decades, in which analysts take the role of a naïve, curi-
ous, and nonjudgmental outsider whose task is to document the “strange
native practices” of scientists. By taking scientific practices as “strange”
and refusing either to bracket what scientists say is irrelevant or to fore-
ground the conventional descriptions and explanations for what scientists
do, these studies have yielded refreshing and often startlingly new ways of
understanding scientific knowledge, the objects that science purports to
know, and scientific ways of working and knowing. This approach also
avoids the circularity common in conventional accounts of science (science
is objective, because scientists put aside their biases, because science is
objective . . .).

While I did not physically observe scientists in their work, I did inter-
view them—and some of the interviews turned into ongoing collegial con-
versations. Still, I did these interviews as another scientist—a sort of “criti-
cal insider,” rather than taking a more anthropological approach. The
main way my analysis fits into the ethnographic thread in STS is that I fo-
cus very concretely on aspects of scientific practice, especially definitions
and measures. I looked much more carefully at how scientists do their
studies than at how they describe the theory in question. The gap between
theory and practice is interesting, and readers will see that it is often infor-
mative to notice when practices and the “overarching narrative” of brain
organization theory don’t match up.

Second, as I noted above, I do not pay much attention to how so-called
social factors shape the work, nor do I examine the “culture” of this
branch of science. I look, instead, at technical matters that are well within
the conventional account of what science is supposed to be about. I look at
things like study designs, measures, and statistical practices, and I evaluate
them in terms of accepted scientific practices that prevail today. The good
news about this is that even hardheaded “realists” who prefer the older
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view of good science as objective, and who believe that following scientific
methods will yield a value-free reflection of nature, should be able to fol-
low my analysis and agree that I am mounting a fair and reasonable evalu-
ation of brain organization studies. The bad news, for me, is that the pres-
ent study is apt to be seen as rather old-fashioned among STS scholars,
because it is, essentially, a critique. In an age where most academic science
watchers think it is somewhat passé (or at least boring) to point out that
science-in-practice doesn’t actually live up to science-in-the-ideal, critique
has gone out of fashion.

I chose this method for a simple reason. I am trained as a scientist, and I
value scientific method. I believe it is worth holding scientific research—
especially high-profile research on a topic that is of great social and politi-
cal importance—to the highest standards.5 Brain organization theory is
undeniably powerful, and it derives this power from a widespread belief
that it is supported by excellent, state-of-the-art science. There is value in
showing in great detail how this work does, and does not, measure up to
that billing.

A Three-Ply Yarn: Sex, Gender, and Sexuality

The language of sex, gender, and sexuality is more than vexing—it is con-
fused, confusing, and contentious. And I am in the unhappy position, in
this book, of writing at the juncture of multiple disciplines who use these
same terms in irreconcilable ways. Clarifying my own usage is necessary,
but I am going to attempt this in a way that neither casts my usage as “cor-
rect” nor places my analysis in firm opposition to the works that I analyze
in this book.

Begin with the distinction between sex and gender. Since the late 1970s,
many scholars have used the terms in a general way to signal biologi-
cal (sex) versus social and behavioral dimensions (gender). But there has
been an important difference in usage among people who followed this
distinction. John Money’s elaboration of the notions “gender role” and
“gender identity,” first articulated in 1955 (Money, Hampson, and Hamp-
son 1955b) and expanded in his landmark 1972 book with Anke Ehr-
hardt, Man and Woman, Boy and Girl, is the one adopted by nearly all
brain organization researchers:

Gender identity: The sameness, unity, and persistence of one’s individuality as
male, female, or ambivalent, in greater or lesser degree, especially as it is ex-
perienced in self-awareness and behavior; gender identity is the private expe-
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rience of gender role, and gender role is the public expression of gender iden-
tity.

Gender Role: Everything that a person says and does, to indicate to others
or to the self the degree that one is either male, or female, or ambivalent; it in-
cludes but is not restricted to sexual arousal and response; gender role is the
public expression of gender identity, and gender identity is the private experi-
ence of gender role. (Money and Ehrhardt 1972, 4, emphasis added)

Notice two key things: eroticism, the realm of sexual attractions, fanta-
sies, and behaviors, is entirely subsumed under gender in this usage. And
note, too, that there is nothing in this definition about etiology. Without
positing causation, Money’s distinctions between gender and sex are at the
level of location, or possibly measurement: that is, gender is located, per-
ceived, and measurable at the level of behavior and language; sex is lo-
cated, perceived, and measurable at the level of the physical body.

Money thought of gender as “his” term, and the record does seem to
support his claim to at least the popular rise (if not the actual invention) of
the term gender to describe people as feminine or masculine (Ehrhardt
1988; Gooren and Cohen-Kettenis 1991; Bullough 1994). It was a matter
of great irritation to him that feminists, in particular, deployed the term
with a critical difference (Money 1980). Perhaps the greatest credit in this
regard is due to anthropologist Gayle Rubin’s (1975, 159) classic identi-
fication of the “sex/gender” system, which she identified as a “set of ar-
rangements by which a society transforms biological sexuality into prod-
ucts of human activity.” Rubin’s distinction placed the emphasis squarely
on etiology. That is, gender—the attribution of aspects of human personal-
ity, relationships, behaviors, privileges, and prohibitions to the domain of
either “masculine” or “feminine”—is a social effect, rather than the result
of human biology. Sex, in this regard, is conceived as the remainder—the
material body, and those bodily interactions that are necessary to repro-
duce it.

In addition to the disagreements between mainstream psychologists and
medical doctors, who favored Money’s usage, and feminists, social scien-
tists, and scholars in the humanities, who generally favored Rubin’s, sev-
eral later developments have further complicated the terminological field.
For one thing, there is the matter of sexual desires and pleasures and
bodily interactions. Money subsumed this domain entirely under gender,
and Rubin initially conceptually distributed it (unevenly) across gender
and sex. That is, male and female bodies must obviously meet (at least his-
torically!) in order to accomplish the biological necessity of human repro-
duction. But the elaborate and particular rules about the ways in which
bodies meet, touch, and interact, and the designation of some forms of de-
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sire and pleasure as “masculine” versus “feminine” as well as “natural”
versus “unnatural,” belonged to the realm of the social rather than the
“raw material” of biology. Anthropologists, philosophers, sociologists,
and historians increasingly designated this latter domain as “sexuality”
(Foucault 1978; Weeks 1986; Vance 1991). Rubin’s work was especially
influential in articulating that sexuality and gender overlap and yet need to
be distinguished as two “distinct arenas of social practice” (Rubin 1992).
Central to Rubin’s argument was a growing body of research that under-
mined the usual assumption that sexuality is grounded in and emerges
“naturally” from the biological drive to reproduce. The best-known work
on social construction of sexuality is that of the late historical philosopher
Michel Foucault, who argued that sexuality as a domain is itself a social
product. Two key claims in his work are, first, that certain sensations,
bodily parts, desires, and forms of interaction are not “naturally” sex-
ual, but become sexual (or get designated as sexual) through specific so-
cial practices that vary across time and place. The second point, which
flows from the first, is that the relationship between the social world and
sexuality is not merely one of regulation or imposing limits (a “negative
force”), but one of production and instigation (a “positive force”). These
points, supported by an ever-growing body of anthropological, sociologi-
cal, and historical studies, suggest that sexuality is fundamentally contex-
tual, rather than comprising a universal set of desires, sensations, and acts
(D’Emilio 1983; Mosse 1985; D’Emilio and Freedman 1988; McClintock
1995; Katz 1995; Stoler 2002).

A classroom exercise developed by Carole Vance, a medical anthropolo-
gist who has been extremely influential in feminist sexuality studies, may
help bring this discussion down to earth. Suppose a Martian shows up at
your home and asks you to explain what sexuality is. What do you say?
Reactions to this question can be quite varied, and in my experience, stu-
dents generally begin with a great deal of confidence that they can arrive at
a good answer, but their certainty breaks down. Someone offers “Activ-
ities that are related to human reproduction,” but that is met with counter
questions like “What about oral or anal sex?” Someone else might note
that most heterosexuals go to a lot of trouble to make sure that most of
their sexual behavior does not result in reproduction. (Of course, some
people might answer that sexuality should be about reproduction, but as a
matter of definition, it is no defense, because if one simply discounts all
other activities from being sexual, then there would be no complaints
about all the “wrong” or “sinful” expressions of sexuality! These things
simply would not count.) Predictably, some other brave soul will offer
the definition “Touching genitals” as sexual (hmm: gynecological exams?
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touching breasts?) or “Becoming physically aroused by touching someone
else” (masturbation? fantasy? a sexual encounter that doesn’t really arouse
one of the partners?). I could go on, of course, but presumably you begin
to see the scope of the difficulties. And this is without even entertaining
differences across cultural groups or historical periods. Try this yourself,
and I guarantee that if you come up with a really solid answer that can
withstand all the counterexamples that any three or four smart adults can
offer, you have an immediate career in sexuality studies waiting for you.

But back to my dilemma. For some time, I have thought of sex, gender,
and sexuality as a three-ply yarn. I find the metaphor appealing because it
suggests three strands that are simultaneously distinct, interrelated, and
somewhat fuzzy around the boundaries. As a double entendre, “three-ply
yarn” also suggests the narrative aspects of the domains and their relations
with one another (Young 2000). In other words, the perceived relation-
ships among bodies, desires, and a wide range of social norms governing
roles and interactions are central to the stories that we tell ourselves about
human nature and the meaning of maleness and femaleness. Following
dominant usage in the humanities and social sciences as well as feminist bi-
ology (for example, Vance 1989; Butler 1990; Laqueur 1992; Oudshoorn
1994; Kessler 1998; Fausto-Sterling 2000), I have used the term sex to re-
fer to characteristics of the physical body, gender to refer to psychological
attributes and social behaviors that are associated with masculinity and
femininity, and sexuality for the realm of erotic desires and practices.

The key way that these distinctions have been useful is to enable critical
questioning of the relationships among phenomena that are usually taken
to be inseparably fused or causally related. Without questioning these as-
sumptions, we cannot probe the boundaries among them, nor perceive
shifts in these boundaries. Nor can we investigate causal processes if the
theory of causation is already built into our definition of the phenomena.
But the slippery nature of the relationships among sex, gender, and sexual-
ity has made it difficult to pin them down long enough to systematically
study them: scholars have encountered ongoing difficulty with assigning
phenomena definitively to one domain versus the other.6 An example that
is relevant to the story at hand, and the particular dilemmas of terminol-
ogy that I face in telling it, is that empirical research has revealed the rela-
tion between sex and gender to be even more complex than originally
thought.

Works by Nelly Oudshoorn and Suzanne Kessler have been especially
important for my own understanding. In a text that deserves much wider
audience than it has received, Oudshoorn (1994) advanced the somewhat
astonishing claim that “sex hormones” were “invented” by twentieth-
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century endocrinologists. Oudshoorn does not dispute that steroid hor-
mones like estradiol, testosterone, or progesterone are actual material sub-
stances, nor does she claim that these substances were not already being
produced and used by bodies long before scientists had any notions about
them. Her argument specifically concerns the idea that certain steroid hor-
mones are fundamentally about and for sex. She documents how preexist-
ing ideas of masculinity and femininity caused scientists to look for, create
tests for, classify, and perceive steroid hormones in a way that fit them
into a dualistic system of sex. This might not be particularly compelling if
she didn’t also document how this commitment to a fundamentally sexual
classification of hormones systematically blocked some kinds of informa-
tion. For example, scientists had repeated difficulty assimilating the infor-
mation that both males and females produce and use both androgens
(“male sex hormones”) and estrogens (“female sex hormones”). Likewise,
biologist Marianne van den Wijngaard (1997) has documented the great
difficulty mid-twentieth-century experimental psychologists had with the
information that estrogen—the quintessential “female” hormone—was
even more important than testosterone for the development of certain
“masculine” characteristics. Van den Wijngaard and Anne Fausto-Sterling
(2000) have both shown how a dualistic notion of “sex hormones” has
been a repeated stumbling block in recognizing the great variety of func-
tions that steroid hormones accomplish, apart from those related to devel-
opment and function of reproductive capacities. In this vein, a colleague
and I recently confirmed that attachment to the term and concept sex hor-
mones is associated with systematic misinformation in widely used high
school biology texts (Nehm and Young 2008).

Classifying some substances as “sex hormones,” then, presumes that
we already know the most relevant functions, divisions, and even ulti-
mate “purposes” of these substances. That is not the strongest perspective
from which to launch a rigorous scientific program to explore and eluci-
date the mechanisms of hormonal action. This insight has obvious rele-
vance to my own evaluation of how early steroid hormone exposures may
shape the developing brain. The works by Oudshoorn, van den Wijngaard,
and Fausto-Sterling form an important backdrop against which I have
worked. But I have aimed to take the studies I analyze here on their own
terms as much as possible. Thus, the book is littered with the terms sex
hormones, androgens (literally, “that which creates men”), and estrogens
(“that which induces estrus,” the fertile period in some female mammals).
I often place the term sex hormones inside quotation marks as a reminder
to readers that this is a philosophically invested way to conceptualize the
substances I am discussing. I do not put quote marks around androgens or
estrogens, mostly because I found that doing so made the text too clunky
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and conveyed a less open, less neutral attitude about specific brain organi-
zation studies than I had during this research.

A second example of work that problematizes the now-conventional
distinctions among sex, gender, and sexuality concerns studies on inter-
sexuality, especially Suzanne Kessler’s crucial Lessons from the Intersexed
(1998). The term intersex typically describes a person who is born with
“mixed” male and female bodily characteristics: for instance, the female
(XX) chromosome pattern but a penis and no vagina, or the male (XY)
chromosome pattern but a vulva (including labia and clitoris) and vagina.
The most common intersex conditions involve steroid hormone atypi-
calities, such as a genetic male who produces but cannot respond to tes-
tosterone and so develops “female” structures, or a genetic female who
produces unusually high levels of androgens, which masculinize her own
developing genitalia. An enormous proportion of brain organization re-
search has been conducted with intersex subjects, because many scientists
believe intersex people offer an opportunity to study the effects of hor-
mones that “disagree” with gender socialization.

Kessler’s groundbreaking analysis showed how ideas about gender and
sexuality are called upon by medical doctors and psychologists, both to
determine the male or female status of bodily structures and to reshape
those structures so that they can be seen as fitting with “normal” male ver-
sus female bodies. For example, Kessler explores the centrality of the idea
that “boys urinate standing up” in determining whether a phallic structure
can, or cannot, count as male. She and, more recently, Katrina Karkazis
(2008) have also demonstrated how doctors who conduct “feminizing”
surgeries on intersex infants deploy a definition of “normal” female sexual
function that is built around vaginal penetrability rather than around the
capacity for sexual pleasure and orgasm. Together with analyses of biol-
ogy and endocrinology, these studies add up to a take-home message that
gender causes us to perceive the natural world (the body) in a particular
way, and thereby to impose upon it the dichotomous category “sex.” Sex,
then, is no longer the raw material from which culture produces gender.
Instead, sex is in some important sense an effect of gender.

Here is another interesting twist. The sex/gender distinction has broken
down on the other side of the disciplinary divide as well. While feminist
scholars (to oversimplify a bit) increasingly see sex, gender, and sexuality
as all proceeding from the same interrelated processes of materially based
social relations, an increasing number of biologically oriented thinkers, es-
pecially psychologists, see the whole complex as proceeding from biologi-
cal processes. In some sense, the entire foundation of brain organization
theory takes this idea as its starting point, and researchers devise studies
that are intended to demonstrate a causal trajectory from the sexed body
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to gendered behavior, under which most of them subsume sexuality. This
fundamentally biological process is in turn often taken to be the basis for
broader social structures related to gender. There will be much more on
this throughout the book, but for now the point is merely to note that the
sex/gender/sexuality distinction has been questioned in the very realm that
forms the basis for this study. What, then, is the best way to use these
terms in an analysis of brain organization research?

I have settled on this. I am returning to my three-ply yarn of sex, gender,
and sexuality, but with an additional twist. It is necessary to explicitly state
that my usage, at least in this book, is agnostic as to etiology. In particular,
I will not presume that gender is the result of social relations, because to
do so would be to discount the studies I review at the outset. Nor, however,
will I presume that (bodily) sex is simply given by nature and is not a result
of socially inflected classifications and commitments. Finally, I will not
presume that sexuality, the realm of pleasures and desires and practices as
well as erotic self-concept, flows neatly from either the exigencies of repro-
duction or the structure of masculinity and femininity. There are two key
phrases for which I make an exception and use “sex” where I might, in an-
other work or for another purpose, use “gender.” Sex differences is a
phrase used widely in both popular and scientific work, and I have chosen
to use that term rather than gender differences much of the time, reserving
the term gender difference for those situations that are clearly restricted to
aspects of psychology and/or behavior. Although the popular and scientific
usage of the term sex differences does often refer to psychology and behav-
ior, there is often an implicit or potential physiological claim involved, as
with the idea that behaviors are a direct reflection of brain structure or
function. Likewise, I have chosen to retain the term sex-typed interests for
a core domain of psychology that some scientists link to brain organiza-
tion theory. I keep the term largely because I found it created too much
confusion to jump back and forth between the term common in the studies
and the term I preferred (gendered interests). There will probably be other
times when I am describing the positions and theories of brain organiza-
tion researchers where the usage I describe here may seem to falter. But this
does reflect my fundamental intentions in usage for the terms throughout
this book.

Structure of the Book

The discussion in this book is organized in three parts. I begin with intro-
ductory material concerning emergence of the theory, and my own analytic

Brain Storm p 18



approach. Chapter 2 explains the theory itself in more detail, and provides
some historical context to help readers get a better feel for where this the-
ory came from and how the human research fits with animal studies. It
also explains, crucially, why brain organization research in humans has fo-
cused so often on particular clinical syndromes and on homosexuality.
Chapter 3 covers some basic information about research design, particu-
larly elaborating the importance of understanding brain organization re-
search as comprising a “quasi-experimental network.” In this chapter, I in-
troduce several symmetry principles that guide the core analyses in the
remainder of the book.

Next I present specific symmetry analyses. Chapters 4 and 5 examine, in
turn, the two broadest sets of brain organization studies in humans, those
that begin with people for whom scientists have some information about
early hormone exposures (cohort studies), and those for whom scientists
don’t have information about hormone exposures, but instead have infor-
mation about sex-related characteristics (“case-control” studies). Within
each of these designs, studies can be broadly grouped to see the overall
pattern of findings for studies that have both similar “inputs” and “out-
puts” (the most basic sort of symmetry that is described in Chapter 3). The
analysis in these chapters is extremely straightforward. I take the findings
of particular studies almost completely at face value, and simply highlight
how the various studies do and do not support one another, and in some
cases show how they set up important internal contradictions. From these
chapters, certain kinds of claims about brain organization can be put aside
as unsupported, but others appear to merit closer investigation. Chapters
6, 7, and 8 take a closer look at three specific domains in which initial evi-
dence suggests that human brains may be “organized” by early hormone
exposures: feminine or masculine patterns of sexual response and behav-
ior, sexual orientation, and sex-typed interests. Each of these chapters
constitutes a detailed examination of the studies providing evidence for
one specific domain, with special attention to how the “outcomes” of
brain organization—that is, the traits that are purportedly influenced by
hormones—are actually defined and measured. Chapter 5, for example,
examines studies used to support claims that prenatal hormones create
permanent “templates” for masculine or feminine sexuality. Although the
researchers were mostly interested in what causes masculine or feminine
sexuality, I am mostly concerned with what they think masculine or femi-
nine sexuality is. (I am sure most readers will find the extent of scientific
disagreement on this point as surprising as I did!)

In the third section, I begin to look forward to a new kind of sexual sci-
ence, and indeed, a new science of human development. In Chapter 9 I ex-
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tend the critique of previous chapters by offering some detailed consider-
ation of how crucial elements of context, both biological and social, have
been disregarded in nearly all brain organization studies. Chapter 10 of-
fers some thoughts for moving toward a more sophisticated, scientifically
accurate theory of embodiment, including but going beyond issues of gen-
der and sexuality. Here I describe some critical experiments in genetics and
developmental biology that suggest how context and processes matter, and
how we might do a better job of studying this.

Toward the Open Door

The body unquestionably matters in shaping who we are, what we want,
and how we behave. The devil is in the details. One frustrating aspect of
brain organization research is that its prominence has gotten in the way of
serious and sophisticated research on how biology and the social world in-
teract to shape behavior. I hope this book will point to some potentially
more fruitful directions for research on the material and social bases of
temperament, skills, desires, and self-concept. Many people have asked
me, as I’ve discussed brain organization research over the years, to com-
ment on how I think psychosexual development really works—how do we
become the gendered and sexual beings that we are? I must confess ahead
of time that I will not present the real and true process of human develop-
ment. This will be a disappointment to some readers who are seeking a
fully developed alternative theory. But for those of you who find open
doors inviting rather than vertiginous, I have a number of ideas. Toward
the end of the book, I begin to sketch some of the methodological ap-
proaches that I think will be more promising. But first I want to open
doors that are closed by the “brain organization” story—and that requires
painstaking work to move the giant pile of data that sits in front of the
door, looking very solid indeed. In the chapters ahead, I show that the evi-
dence for hormonal sex differentiation of the human brain better resem-
bles a hodgepodge pile than a solid structure, and it is a pile that blocks
from view the complex and fascinating processes of biology. Once we have
cleared the rubble, we can begin to build newer, more scientific stories
about human development, stories that narrate genuine exchanges be-
tween matter and experience, and that incorporate random events.

Bodies matter—genes matter, hormones matter, brains matter. But how?
Even though I’m not entirely certain about the answer, I am certain that we
have enough information to eliminate the simplistic story of brain organi-
zation as it’s currently understood. Let me show you why.
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c h a p t e r t w o

Hormones and Hardwiring

I t all started with guinea pigs, and, of course, with sex. Brain orga-
nization theory was officially born in 1959, when William Young and

his colleagues at the University of Kansas published their groundbreaking
article “Organizing Action of Prenatally Administered Testosterone Propi-
onate on the Tissues Mediating Mating Behavior in the Female Guinea
Pig” (Phoenix et al. 1959). It rests on a very simple idea: the brain is a sort
of accessory reproductive organ. Males and females don’t just need differ-
ent genitals in order to have sex, or different gonads that make the eggs
and sperm necessary for conception. Males and females also need differ-
ent brains so they are predisposed to complementary sexual desires and
behaviors that lead to reproduction. This theory suggests that the same
mechanism is responsible for both kinds of development—that is, for sex-
ual differentiation of “both sets” of reproductive organs: the genitals and
the brain.

Brain organization theory quickly moved past its humble beginnings
with the mating behaviors of guinea pigs to become the “grand theory”
for sexual differentiation of behavior in mammals, and then even more
generally extending to vertebrates. Sexual differentiation is not restricted
to those behaviors that are directly involved in reproduction, or even in
courting. Instead, brain organization theory is used to explain a very wide
range of differences related to gender and sexuality—in humans these in-
clude everything from spatial relations, verbal ability, or math aptitude, to



a tendency to display nurturing behaviors, to sexual orientation. Still, at its
heart this is a story about development of sexuality.

William Young and his junior colleagues considered their research pre-
liminary when they reported it in 1959, but they were spurred to publish it
because they considered their studies to be “so much more in line with cur-
rent thought in the area of gonadal hormones and sexual differentiation”
of the genitalia and reproductive system “than the earlier experiments on
behavior” (Phoenix et al. 1959, 370). In fact, this new theory suggested a
direct parallel between the development of male or female reproductive
physiology, and male or female mating behavior: “Attention is directed to
the parallel nature of the relationship, on the one hand, between andro-
gens and the differentiation of the genital tracts, and on the other, between
androgens and the organization of the neural tissues destined to mediate
mating behavior in the adult” (369). Although these scientists described
the theory as emerging from experiments on physiology and behavior that
had been done within the preceding twenty years, to understand the con-
text of their new model it is helpful to know a bit about the beginning of
endocrinology itself.

Endocrinology, the study of hormones, emerged at the turn of the twen-
tieth century, and from the beginning, endocrinologists cast an eye to-
ward understanding how sex differences develop in both bodies and psy-
chology.1 Rejecting the idea of “nervous regulation” that dominated
nineteenth-century physiology, the new endocrinologists focused on how
organs could affect distant tissues by secreting “chemical messengers” that
are carried to targets throughout the body by the bloodstream. These mes-
sengers were also known as “internal secretions,” but the simpler name
hormones quickly took hold (Sengoopta 1998; Oudshoorn 1994, 16–17;
Fausto-Sterling 2000, 149–151).2 Early endocrinologists thought of “sex
hormones” as “the chemical messengers of masculinity and femininity,”
responsible for the development of sex differences throughout the body, as
well as for the distinctions in how the sexes think, feel, and act (Oud-
shoorn 1994, 17). The internal secretions were even explicitly recruited to
weigh in on important social struggles over sex, especially the drive for
women’s suffrage, access to higher education and the professions, and em-
ployment outside the home. Writing in 1916, British gynecologist William
Blair Bell explained that “the normal psychology of every woman is de-
pendent on the state of her internal secretions, and . . . unless driven by
force of circumstances—economic and social—she will have no inherent
wish to leave her normal sphere of action” (quoted in Fausto-Sterling
2000, 157).3
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But it hasn’t always been easy to bend hormones to such interpreta-
tions, and Oudshoorn and others have documented how scientific evi-
dence about so-called male and female hormones quickly caused trouble.
There were three key assumptions about hormones that drove the early re-
search paradigm. First, it was assumed that the hormones would be sex-
specific, each hormone appearing and relating to proper functioning only
in one sex, while generally causing malfunction in the other sex. Second, it
was assumed that the functions of these hormones would be limited to, or
at least most important for, functions that were directly related to sex and
reproduction. Third, scientists believed that the hormones would be “an-
tagonistic,” meaning that “male” hormones would actively counter “fe-
male” characteristics, and vice versa. Each of these assumptions was as-
saulted by data as early as 1921, when a research report showed that
“male” hormones seemed to induce the same sorts of changes in the uterus
of a rabbit as did “female” hormones.4 In 1927, Laquer and colleagues,
biochemical endocrinologists in Amsterdam, reported that “female sex
hormone” was present not only in women, but in both the testis and the
urine of “normal, healthy men” (quoted in Oudshoorn 1994, 25). The
idea that each sex had its own “sex hormone” was so entrenched that even
this report didn’t cause much of a stir, but a pair of articles by German gy-
necologist Bernhard Zondek, appearing in 1934 in the journal Nature, did
the trick.5 Zondek reported “mass excretion of oestrogenic hormone in the
urine of the stallion” and noted “the paradox that the male sex is recog-
nized by a high oestrogenic content” (Zondek 1934, 209). That is, the so-
called female sex hormone could be reliably found in substantially higher
levels in that quintessentially male animal, the stallion, than in females, in-
cluding both humans and various equine species (horse, zebra, ass). In
contrast, large amounts of the “female hormone” estrogen were not typi-
cally present in females except during pregnancy, and even then the level
didn’t approach that found in the stallion.

The other early assumptions about hormones also didn’t stack up well
against data. For instance, the notion that the functions of sex hormones
were restricted, or sex-specific, was challenged on several fronts. Biochem-
ists discovered the very close chemical relationship between the “male”
and “female” sex hormones, and evidence accumulated that the hormones
have broad-reaching functions in multiple body systems that are not sex-
specific, such as liver growth and nitrogen metabolism. This led some
scientists to call for dropping the term sex hormones in favor of more
neutral terms. But of course, even as the huge array of processes known
to be affected by these hormones has expanded—now including bone
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growth, blood cell formation, carbohydrate metabolism, diurnal rhythm,
and more—the concept of “sex hormones” seems as entrenched as ever
(Nehm and Young 2008; Fausto-Sterling 2000).

One reason for reluctance to drop the concept and the term sex hor-
mones might be that so much work in endocrinology involved experi-
ments on sexual differentiation itself, so the focus almost always remained
squarely on sex-typed physiology and behavior. In the first few decades
of endocrine research, scientific understanding of the roles hormones play
in sex-differentiated physiology zoomed ahead of the analogous work
on behavior. A series of experiments spanning the late 1940s to mid-1950s
resolved many of the central questions about hormonal contributions
to physiological differentiation of the sexes. The most important of
these were the experiments conducted by the French embryologist Alfred
Jost; indeed, the “Jost paradigm” is still the classic view of how sex-
differentiated genitalia and internal reproductive structures develop from
initially “sex-neutral” tissues in mammals. Being male or female is not
simply determined at one moment for any individual organism, but is the
result of a multistep process. First, at conception the X chromosome from
the egg is joined by a sex chromosome from the sperm, either a Y chromo-
some (yielding an XY genotype, which is the typical male pattern) or an-
other X chromosome (yielding an XX genotype, the typical female pat-
tern). Next, regardless of whether the sex chromosomes are of the male or
the female type, at the earliest stages of development all embryos have the
same sexual structures.6

The first stage of differentiation of these sex-neutral structures is under
control of the sex chromosomes, causing the “bipotential” gonads to be-
come either testes (in XY fetuses) or ovaries (in XX fetuses). Depending on
the hormonal environment during the next critical phase of development,
the rest of the reproductive tract and genitalia differentiate either as male
or female. The hormonal environment is largely a matter of whether the
gonads have become testes or ovaries, which are usually the main source
of fetal hormones for males and females, respectively. But hormones from
other sources, such as the embryo’s own adrenal glands or hormonal medi-
cations ingested by the mother, can change the usual course of events.7

According to the Jost paradigm, “the testes are the body sex differen-
tiators; they impose masculinity on the whole genital sphere which would
become feminine in their absence. The presence or absence of ovaries is of
no significance” (Jost 1970, 121). Testes are important because they se-
crete androgens: regardless of an animal’s genetic sex, the presence of a
threshold level of androgens will push differentiation in a male direction
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(fetal ovaries typically secrete only a very tiny amount of androgens).
Using complex surgical techniques to manipulate fetal rats and rabbits,
Jost concluded that the female pathway is the default direction, which hap-
pens in the absence of any gonadal hormones. (Newer evidence indicates
that female development is not actually a passive process [Yao 2005; Hughes
2004], but the idea of female development as the passive, default pathway
persists, even in scientific literature.)

Jost’s experiments increased scientists’ confidence that they under-
stood the timing and mechanisms of this process—at least as far as sex-
differentiation of genitals and internal reproductive organs was concerned.
Yet, as the 1950s drew to a close, much of the data regarding hormone ef-
fects on behavior seemed disjointed and even contradictory. In humans, a
great deal of work had gone into investigating hormones as an explanation
for homosexuality. The first formal studies in this vein were conducted by
Viennese physiologist Eugen Steinach, whose innovative experiments with
rats and guinea pigs “marked the beginning of modern experiments on the
role of hormones in sexual differentiation” (Fausto-Sterling 2000, 158). In
the prevailing understanding at the time, homosexuality was an “inver-
sion,” meaning that the mind or soul of homosexual men was feminine
and that of lesbians was masculine (Kraft-Ebing 1930; Ellis 1925). Al-
though others before him had proposed a biological basis for homosexual-
ity, Steinach suggested that male homosexuality could be traced to aber-
rant cells in the testes that produced “female” hormones. Steinach’s role as
a physician as well as an experimental physiologist made it fairly simple to
test his theory via “therapeutic” interventions with humans. Under his
guidance, seven homosexual men each had one of his own testicles re-
moved and replaced by a testicle from a heterosexual man (the latter hav-
ing been removed because it was undescended). Initial enthusiasm for the
transplants was short-lived, as the “heterosexual testes” failed to stimulate
heterosexual desire in the recipients (Sengoopta 1998; Oudshoorn 1994;
Fausto-Sterling 2000).

Steinach’s transplants did not work, but the idea that gay men had more
“feminine” hormone profiles continued to be quite popular with scien-
tists (for instance, Glass and Johnson 1944; Neustadt and Myerson 1940;
Heller and Maddock 1947). Proponents of the hormonal inversion idea
were again thwarted by the dismal failure of gay men to become hetero-
sexual in response to testosterone injections, and by the gradual accretion
of evidence that studies seeming to support a “feminine” hormone profile
among gay men were badly flawed (Kinsey 1941; Meyer-Bahlburg 1977;
Kenen 1997). (The parallel theory that lesbians had “masculine” hormone
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profiles was also popular, but lesbians were generally the object of less so-
cial and scientific concern. I know of no similar early experiments that
sought hormonal “cures” for lesbianism.8)

Things weren’t going any better with the animal research. Specifically,
the same hormone administered to different animals would sometimes in-
duce “feminine” behavior and sometimes induce “masculine” behavior
(how behaviors are classified as masculine or feminine is an important
point that I take up in later chapters). Scientists increasingly suggested that
hormones should be thought of as “catalysts” that “bring latent mating
behavior to expression” (Young, Goy, and Phoenix 1965, 179). That is,
the hormones themselves, although powerful and sometimes capable of in-
ducing sudden and dramatic behavioral changes, did not automatically de-
termine the type of behavior that would be induced, or the frequency or
timing of such behavior. For example, scientists were not able to predict
the lag time between testosterone injection and mounting behavior in dif-
ferent male animals, and could not understand why castration did not im-
mediately stop mounting behavior in males, whereas castrated females
seemed to immediately lose interest in sex.

A conceptual breakthrough came, according to a later report by some of
the researchers involved, with “the realization that the nature of the latent
behavior brought to expression by gonadal hormones depends largely on
the character of the soma or substrate on which the hormones act. The
substrate was assumed to be neural” (Young, Goy, and Phoenix 1965,
179). In other words, perhaps male and female animals had different be-
havioral responses to the same hormones because their brains were differ-
ent. If so, then rather than looking to the hormonal status of adult animals
to explain individual differences in behavior, scientists needed to begin in-
vestigating the factors that make male and female brains different in the
first place.

In the 1930s Vera Dantchakoff had exposed female guinea pigs to tes-
tosterone in utero and found that these animals were behaviorally mascu-
linized, but she had failed to use untreated control animals to contrast
with the treated females. Two decades later, a team of researchers at
the University of Kansas reconsidered Dantchakoff’s experiment in light
of the new consideration of the “soma.” William Young and his graduate
students Charles Phoenix, Robert Goy, and Arnold Gerall repeated the
experiment with control animals, which was especially important, they
said, because among guinea pigs, “most normal females display male-like
mounting as a part of the estrous reaction” (Young, Goy, and Phoenix
1965, 182). They observed, as Dantchakoff had before them, a marked in-
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crease in so-called masculine behavior. They also observed a finding that
Dantchakoff had not reported, namely, a lower incidence of lordosis, an
arching of the back typically performed by fertile females that allows
males to mount and penetrate them.

The report of this research suggested a new interpretive framework for
understanding previous studies of hormones and sexual behavior: prenatal
testosterone had “organized” the brain for masculine behavior. As biolo-
gist and historian of science Marianne van den Wijngaard has explained:
“Here, organizing means that the effects are structural and permanent”
(1997, 29). The theoretical implications were exciting, because the find-
ings suggested a dramatic parallel between sexual differentiation of the
genitals and the brain (Phoenix et al. 1959, 369).

Young and his junior colleagues concluded that the key to predicting the
effects of certain hormones was understanding the timing of exposures.
Whether the object of interest was genital development or the develop-
ment of the brain and behavior, they suggested that “the rules of hormonal
action are identical,” namely: “During the fetal period the gonadal hor-
mones influence the direction of differentiation. During adulthood they
stimulate functioning” (Young, Goy, and Phoenix 1965, 183–184). Just as
fetal development of male or female genitalia was an irreversible step, seal-
ing the permanent sexual character of the animal, so the organization
of the brain was permanent, determining once and for all “whether the
sexual reaction brought to expression in the adult will be masculine or
feminine in character” (182). And, as with genital development, they con-
cluded that the key substance for sex differentiation of behavior was tes-
tosterone.

The new framework significantly shifted the direction of future experi-
ments. If hormones permanently organize the brain areas that mediate
adult behavior, changing adult hormone levels would no longer be ex-
pected to bring about actual “sex reversals” of behavior. For example, a
particular guinea pig might be essentially prone to mount other animals;
this would be the latent behavior determined by prenatal hormones. The
hormones present at any time in adulthood would determine when and
how often this guinea pig actually mounted other animals, but would not
create (or remove) the basic behavioral capacity for mounting. Likewise,
reducing the androgen levels in a male guinea pig wouldn’t suddenly cause
the animal to perform lordosis—the receptive position for intercourse.
Manipulation of adult hormone levels might affect the timing and fre-
quency of sexual behavior, but the nature of an animal’s so-called latent
behaviors was “locked in” early in development.

Hormones and Hardwiring p 27



Not Just for Rodents: Hormones and
Human Sex Psychology

Young and his team had immediately proposed that the organization hy-
pothesis should be relevant for humans (Phoenix et al. 1959, 370), but
there were hurdles to be overcome. First, there were no actual experimen-
tal data in humans, and there was no possibility of generating such data,
because experiments would involve risky and unethical manipulation of
human fetuses. Second, there was the problem of emerging psychological
research from a small group of clinicians at Johns Hopkins University who
studied “hermaphroditism,” now called intersex syndromes. At Hopkins,
John Money and John and Joan Hampson were interested in the fact that
intersex people, though born with ambiguous genitalia or with “mixed-
sex” characteristics, seemed to have relatively normal gender identity de-
spite their “confusing” anatomy: they felt themselves to be either men or
women, not in-between or sex-neutral. Money and the Hampsons sug-
gested that the key element in gender identity was how the child was
reared (Money, Hampson, and Hampson 1955a, 1955b). Money’s disser-
tation research was especially important. He compared intersex people
with similar physiologic conditions and found that no aspect of biology
was consistently related to gender identity—not chromosomes, not go-
nads (ovaries or testes), and not even the appearance of the external geni-
tals. The only variable that reliably predicted whether the intersex person
would feel male or female was whether the child had been reared as a boy
or a girl (Money 1952).

Young’s team was intrigued by findings from Money and the Hampsons
that, among intersex people, “gender role or psychologic sex can be in-
dependent” of every physical aspect of sex: chromosomes, gonads, hor-
mones, internal reproductive structures, and the appearance of external
genitalia (Young, Goy, and Phoenix 1965, 178). The two teams were al-
ready corresponding before the definitive paper on brain organization the-
ory came out, and the mutual implications of the two research programs
were already clear.9 If the research on intersex patients held up to scrutiny,
the applicability of brain organization theory would seem to be limited to
nonhuman animals.

Before proceeding further, it is important to pause briefly to consider
what intersexuality signified for mid-twentieth-century scientists, both
those working with humans and those who studied other animals. Intersex
conditions (which scientists at that time still called hermaphroditism) have
been of central importance for researchers studying brain organization
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theory, because genital development is a marker of prenatal hormone ex-
posures—the same exposures that may affect the developing brain (albeit
possibly during a different time frame). Fetal ovaries don’t produce much
testosterone, but genetic females can develop male-type genitals if they are
exposed to androgens from some other source. In some cases there are in-
termediate levels of androgen, so the genitals look ambiguous rather than
distinctly male or female. Without androgens (and tissue sensitivity to an-
drogens), the genitals will look female even if the fetus is genetically male.
So ambiguous genitalia or genitals that don’t “agree” with genetic sex al-
ways signal that there has been an unusual hormonal environment during
fetal development.

Articles and conference reports from the period indicate that both re-
search groups hedged their bets in comparing their own evidence with the
opposing theory: Young and his colleagues repeatedly mentioned that they
accepted the importance of learning and experience in shaping behavior
(Young, Goy, and Phoenix 1965), and Money routinely asserted his appre-
ciation of the principles of phylogeny—the evolution-derived perspective
that predicts continuity between developmental processes in humans and
those observed in other animals (Money 1965a, 1965b). Both sets of scien-
tists clearly felt the need to resolve the contradictions between the appar-
ent psychosexual adaptability documented in humans and the brain orga-
nization process that suggested that other mammals are “programmed”
for femininity or masculinity from prenatal or perinatal life.10 Their dis-
cussions quickly led to a direct attempt to assess the influence of hormone
exposure on psychosexuality in the same intersex patients from whom
Money and the Hampsons had so recently concluded flatly that “sexual
behavior and orientation as male or female does not have an innate, in-
stinctive basis” (Money, Hampson, and Hampson 1955a, 308).11 A decade
later Money had subtly modified his position, walking a fine line between
his earlier strong claims for the primacy of sex assignment and the possi-
bility of a psychological predisposition stemming from prenatal hormone
exposures.

Suggestive Evidence: Money and
the Hopkins Studies

Raised in New Zealand and trained in psychology at Harvard Univer-
sity, John Money was one of the most important and probably the most
colorful figure in twentieth-century sexology. Simultaneously charming
and abrasive, Money often overpowered his rivals with his riveting narra-
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tion of case studies, his gift for spinning grand theory, and his delight in
coining new sexological vocabulary.12 In recent years, especially in the
enormous controversy over the famous “John/Joan” case, Money has of-
ten erroneously been characterized as believing that only social factors in-
fluence gender and sexuality, while stubbornly refusing “obvious” evi-
dence of biologically based predispositions, especially when it challenged
his pet theory.13

It is perhaps ironic, then, that Money was actually the first to apply the
new brain organization theory to data from humans and was easily the
most prolific researcher in this field. His influence on brain organization
theory research in humans cannot be overestimated. Over the duration of
his career, he was author or co-author of literally scores of reports suggest-
ing that early hormone exposures created masculine and feminine sexual
predispositions in humans.14 These suggestions first appeared in a review
article, “Influence of Hormones on Sexual Behavior” (Money 1965a), in
which Money wove together observations that he and his colleagues had
made about intersex patients, on the one hand, with nearly three dozen re-
cent animal studies, on the other, in an effort to formulate a synthetic de-
scription of the role of hormones in the development of mammalian sexual
behavior. This article deserves detailed consideration because in spite of
his initially tentative tone, Money introduced in this article the line of rea-
soning he would later pursue with more confidence in arguing for the or-
ganizing effects of hormones on the brain. The article clearly captured
Money’s thinking in a way that satisfied him, because certain passages re-
appeared literally verbatim in a number of his subsequent research reports
on brain organization theory.

Money began the piece with caution toward applying brain organiza-
tion theory to humans, noting as he had in 1955 that “psychosexual differ-
entiation takes place after birth” and “is not automatically preordained by
genetics or other factors in intrauterine development” (68). After recount-
ing the original experiment that gave birth to brain organization theory
and several subsequent experiments that further refined the theory, he em-
phasized the known interspecies differences and cautioned that “the leap
from guinea pigs and rats to human beings is a broad one, and there may,
in fact, be no similarity” (69). Nonetheless, he ventured to place some ob-
servations from his own clinical experiences with intersex patients into the
context of the new theory. He felt that a “partial human parallel to the ani-
mal experiments” might be found in intersex women with “adrenogenital
syndrome” (now called congenital adrenal hyperplasia, or CAH). This
syndrome, a genetic disorder that causes overproduction of androgens
from the adrenal glands, is the most common cause of genital ambiguity.
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Androgens are elevated throughout fetal development, which is an espe-
cially unusual situation for female fetuses. Because of the hypothesis that
high androgen levels may masculinize the brain as well as the genitals, peo-
ple with this disorder—especially girls and women—have been much stud-
ied by scientists interested in brain organization.

Contrary to Money’s earlier work, which emphasized the social world,
including the cascade of social reaction and reinforcement that might fol-
low birth of a girl with masculine genitals, Money suggested in this piece
that women with CAH may have masculine sexuality because of the brain-
organizing effects of prenatal androgens. Where he had earlier emphasized
that this group of intersex women had developed relatively normal gender
identities as female, he now pointed to aspects of their sexuality in which
he perceived subtle but telling differences from “ordinary” women. He
noted, for example, that “most women” were aroused by touch, whereas
CAH women may be aroused by “visual and narrative perceptual mate-
rial.” A key difference, he suggested, was the intensity of arousal, which
was “more than the ordinary woman’s arousal of romantic feeling and de-
sire to be with her husband or boy friend” (69–70). While it seemed that
women with CAH were aroused more easily and more frequently than
other women, Money was careful to underscore that “imagery of the
erotic thoughts and desires was all suitably feminine,” meaning that they
were aroused by men, and not by women. In modern terms, their sexual
orientation did not seem to be male-typical.

This article gave the first indication of the sorts of human traits and be-
haviors that Money and other scientists would examine in the coming
years as evidence that people have been either masculinized or feminized
by hormone exposures in utero. Although a great deal of brain organiza-
tion research later focused either on broader personality or psychological
traits, or conversely, more narrowly on sexual orientation, this passage is a
good reminder that brain organization theory is, at its heart, about mascu-
linity and femininity. In the case of sexual orientation, for example, desire
for men is thought to indicate a “feminine” brain organization, while de-
sire for women indicates a “masculine” brain organization. In terms of
sexuality, the question of whether the brain had developed as masculine or
feminine could also be answered by probing such issues as how easily and
often she or he becomes aroused, and what kind of stimuli might induce
sexual feelings.

In addition to the discussion of women with CAH, Money described
clinical observations he had made on patients with testicular feminizing
syndrome, a condition in which genetic males have masculine internal or-
gans but female external genitalia. The etiology was not yet well under-
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stood in 1965, but it was generally presumed that “the necessary mascu-
linizing principle from the fetal testes either fails to be produced or to be
properly utilized” (70). Later named “androgen insensitivity syndrome,”
or AIS, this syndrome does in fact result from an inability to use testoster-
one, although it might be produced at normal levels.15 Money had already
reported that people with (complete) AIS develop psychosexually as “fully
feminine.” That finding was in accord with the theory that socialization
after birth determined gender, because these children were assigned as girls
from birth and raised in accordance with that assignment. In the context
of the persuasive new evidence that early hormone exposures have lasting
effects on nonhuman animals, however, Money shifted his interpretation
of his findings on these cases. He speculated that “the failure of a mascu-
linizing principle in late fetal life in some manner enhances the capacity of
the nervous system to comply with the demands of sex assignment and
rearing” (70).

Money held to this position through the rest of his career, suggesting
that hormone effects were real, but subtle and limited. He cautioned that
“human sexual behavior is not automatically preordained by neuro-
hormonal events at a critical prenatal or neonatal period” (Money 1965a,
71), but he had come to believe that gender and sexuality would develop
most seamlessly when sex assignment and rearing were in accord with the
hormones that had “primed” the nervous system during fetal life: “mascu-
line” hormones would facilitate masculine gender, and “feminine” hor-
mones would facilitate feminine gender.

Once his interest in the organizing effects of hormones in humans was
piqued, Money enthusiastically cultivated this same interest in his col-
leagues and students. At about the same time as the above article was pub-
lished, Anke Ehrhardt, a young doctoral candidate who had come from
Germany to work with Money at Johns Hopkins, began a study of several
intersex syndromes, including the early-treated CAH patients as well as
children whose mothers had been treated with progestin during pregnancy.
Ehrhardt and Money’s collaboration resulted in the first systematic investi-
gations of brain organization theory in human subjects. Their first study,
on “psychosexual identity” and IQ in ten girls who were born intersex be-
cause of prenatal exposure to progestin, was published in the Journal of
Sex Research in February 1967 (Ehrhardt and Money 1967). They con-
cluded that these “masculinized” girls had higher IQs than would be ex-
pected—which was consistent with the then-current idea that general in-
telligence, reflected in IQ score, was higher in males than in females. (As I
note in Chapter 4, subsequent studies indicated that this result was proba-
bly due to sampling bias. In any case, once it became clear from popula-
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tion studies that IQ does not differ between the sexes, this became a dead
end for brain organization research, and most subsequent researchers have
not bothered to compare IQs for those who have, and have not, been ex-
posed to “cross-sex” hormone environments.)

For the first six years of brain organization research in humans, all of
the published work was conducted by John Money and various junior col-
leagues, especially Anke Ehrhardt but also including Daniel Masica, Viola
Lewis, and others, all at Johns Hopkins University Hospital. Hormone-
exposed children and adults were compared to either unexposed groups
(like “normal” children in their schools, or siblings without clinical condi-
tions or exogenous hormone exposures). In each of these reports, the re-
searchers found that girls and women exposed to high levels of androgen
exhibited sexual traits and behavior that were more masculine than was
expected. Conversely, they found that unusually low exposure to androgen
among boys and men resulted in behavior that was more feminine than ex-
pected. In addition to sexuality, some of the other sex-typed behaviors that
scientists looked at included subjects’ interest in careers versus interest in
“marriage and motherhood,” preferred patterns of games and playmates
in the children, manner of dress, extent of expressed satisfaction with their
sex, specific cognitive skills like verbal or math ability and spatial rela-
tions, and occupational patterns among the adults. The particular ways in
which intersex individuals differed from either control groups or the “ex-
pected” behavior for their gender varied from study to study, though, and
often the differences that showed up in one report didn’t show up in an-
other. Still, each report suggested enough differences between hormone-
exposed and unexposed groups that the idea of brain organization in hu-
mans began to look very convincing.

The clinician-researchers who did these studies described their intersex
patients as “analogues” that “simulate [the animal] experiments” (Money,
Ehrhardt, and Masica 1968, 105). Interestingly, the researchers were not
just studying the same syndromes from which Money and the Hampsons
had earlier concluded that “psychosexuality” (that is, gender and sexual-
ity) is entirely based on socialization. In many cases they were studying
the same actual patients in the two sets of studies. What had changed?
The idea of brain organization had introduced a theoretical mechanism
whereby hormones might influence the brain directly in a process distinct
from genital differentiation. The animal experiments had also separated
out early effects, when hormones “organize” the brain for permanent
masculine or feminine patterns of behavior, from later effects, when hor-
mones “activate” the underlying predispositions into actually expressed
behaviors. Intersex patients at midcentury typically had unusual hormone
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profiles well into adolescence and even adulthood, so it was not possible to
separately analyze the “organizing” and “activating” effects of hormones.
By the late 1960s, though, diagnosis and treatment of intersex patients
were generally occurring much earlier, so most of these patients were pre-
sumed to have relatively sex-typical hormone exposures after birth. The
physiological conditions of some human patients were henceforth more
symmetrical to the experiments in animals, in which hormone anomalies
were limited to prenatal or perinatal critical periods of development.

After their first study, Ehrhardt and Money produced clinical research
reports pertaining to the organizing effect of hormones in almost rapid-fire
succession. In the five years following their initial study, they produced
more than a dozen new research reports and released their classic book on
human sexual differentiation, Man and Woman, Boy and Girl, in 1972.
Over time their tentative language dropped away and the team began to
assert that there was growing evidence of a real, though limited, organiz-
ing effect from prenatal hormone exposures on the human brain.

Two chapters in Man and Woman, Boy and Girl may be read as the two
ends of the tightrope that Money, Ehrhardt, and their other early collabo-
rators were walking: “Fetal Hormones and the Brain,” on the one hand,
and “Gender Dimorphism in Assignment and Rearing,” on the other. In
the first, Money and Ehrhardt explained in great detail the various intersex
syndromes they had studied, with special attention to both congenital ad-
renal hyperplasia (CAH) and androgen insensitivity syndrome. In regard
to the former, they paid particularly detailed attention to the many aspects
of childhood behavior that were apparently masculinized in these girls, not
only concluding that the effects were most likely due to hormones but
speculating on the specific neural pathways that were likely implicated in
particular behavioral shifts. For example:

The most likely hypothesis to explain the various features of tomboyism in
fetally masculinized genetic females is that their tomboyism is a sequel to a
masculinizing effect on the fetal brain. This masculinization may apply spe-
cifically to pathways, most probably in the limbic system or paleocortex, that
mediate dominance assertion (possibly in association with assertion of ex-
ploratory and territorial rights) and, therefore, manifests itself in competitive
energy expenditure. (102)

Yet they were still, at this time, convinced that the “big picture” of de-
velopment in what they called “gender dimorphic behavior” was best seen
by focusing not on prenatal hormones but on postnatal rearing experi-
ences. Most distinct from their later work, especially Ehrhardt’s research,
was their conclusion that the choice of sexual mate—not yet commonly
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called sexual orientation—was not under the influence of prenatal hor-
mones: “Evidently, the deciding factor as to the characteristics of the sex-
ual mate as male or female operates postnatally and not prenatally” (102).
In general, they concluded that the organizing effects of hormones are
much less pronounced in humans than in other animals:

In the lower species, fetal androgenization may automatically reverse gender
dimorphic behavior by prenatal hormonal decree, so to speak. In human be-
ings there is no such automatic decree. So much of gender-identity differentia-
tion remains to take place postnatally, that prenatally determined traits or
dispositions can be incorporated into the postnatally differentiated schema,
whether it be masculine or feminine. (102)

Their very next chapter, focusing on gender assignment and rearing,
made these points even more dramatically. The first detailed example pre-
sented in that chapter was a five-page review titled “Rearing of a Sex-
Reassigned Normal Male Infant after Traumatic Loss of the Penis.” This
review concerned the “John/Joan” case, which is familiar to many readers
from the immense popular coverage it received. Here, Money and Ehr-
hardt gave detailed attention, not only to the child’s apparently blossom-
ing femininity, but to the efforts of the parents, particularly the child’s
mother, to convey consistent “gender messaging,” considered essential for
the child to develop a feminine identity. This was especially important be-
cause the child had been reared as a male until he was 17 months old.16

They noted approvingly, for example, that “the family was relatively open
in regard to matters of sex and reproduction, so that one can study partic-
ularly well the differences in treating a girl and a boy regarding sex and
their future adult reproductive role” (120).

Clear, no-nonsense information and modeling of distinct male and fe-
male roles was seen as the key to this child’s successful gender reassign-
ment. Money and Ehrhardt, like most psychologists at the time, were
deeply concerned with “successful adjustment to roles.” Though in his
writing Money in particular frequently showed that he understood gender
roles to be matters of convention, rather than somehow determined by
natural laws, he nonetheless believed that accepting socially ordained roles
was a critical component of psychological health and happiness. It’s worth
noting, as plenty of critics have, that Money and Ehrhardt’s ideas of the
content of male and female roles were decidedly mainstream, if not down-
right old-fashioned. “Of course,” they explained, “girls and boys are not
only prepared differently for their future reproductive role as mother and
father, but also for their other different roles, such as wife and husband or
financial supporter of the family and caretaker of children and house”
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(120). (To give some context for the historically challenged, when Money
and Ehrhardt’s book was published in 1972, popular support for sexual
equality and gender change was at a high point in the United States. It was
a watershed year for political gains for women: Title IX (the Women’s Ed-
ucational Equity Act) was passed; the Equal Rights Amendment barring
discrimination on the grounds of sex was passed in Congress and looked
like it was on course to be ratified by the states; and Shirley Chisholm, the
first African American woman in Congress, mounted a bold campaign as a
Democratic presidential candidate.17)

Unsurprisingly, Money and Ehrhardt were in for some fierce criticism
from feminist critics (such as Bleier 1984; Fausto-Sterling 1985) for their
stereotypical presentation of gender and sexuality. They also caught it
from the other side—psychologists who were more deeply committed to a
strong role for biology in sexual development (for example, Diamond
1974; Imperato-McGinley et al. 1979). In brain organization work that
followed these early studies, both unabashed gender conservatism and
preference for seeing postnatal social experiences as the major player in
gender and sexuality gave way. Normative statements about “women’s
roles” and girls’ and women’s behavior being “appropriately feminine”
were replaced with more-neutral statements about what women and girls
versus boys and men do and think and say they want. In this way, conven-
tionally gendered behavior was taken out of the context of prescription
and presented as simple description. This had the possibly unanticipated
consequence, though, of taking these behaviors out of the context of the
social world. The descriptive approach significantly deemphasized the role
of norms, social structures, and modeling in developing gendered traits.
Instead, disembodied as “naked facts” of sex differences, they began to
look more and more like simple reflections of male and female nature.

But this is getting ahead of the story. In 1972, brain organization theory
was all very new, and still somewhat tentative. That was all about to
change.

Brain Organization Hits the Big Time

Money and Ehrhardt’s research was the start of something big. As Marian
van den Wijngaard (1997, 35) has noted, by the early 1970s, “results of
investigations concerning masculinity, femininity, or sex differences in be-
havior were no longer convincing without referring to the organization
theory.” Its popularity has only continued to grow, and brain organization
theory has generated progressively more studies in each decade since it was
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first proposed that early hormone exposures influence masculine and femi-
nine behavior in humans, as well as in other animals.18 I have analyzed
over three hundred scientific papers that explore the link between early
hormone exposures, on the one hand, and sex differences in sexuality, per-
sonality, and cognition, on the other; these studies represent the great bulk
of research on brain organization in humans. Identifying studies related to
the theory has become more difficult over time, because the idea of hor-
monal organization of the brain is now only rarely identified as a theory
and is usually simply incorporated into research as a “background fact” of
development.

Perhaps reflecting the training of Money and his various protégés, brain
organization research has been dominated by psychologists from the start.
But the past three decades have seen endocrinologists, neurobiologists,
neurologists, and interdisciplinary specialists like psychoendocrinologists
enter this work. Study designs have multiplied, too, because scientists rec-
ognize that the best way to answer complex scientific questions is to take
multiple approaches and see where the answers from various studies con-
verge. Designs also vary because of the different disciplines of the scientists
involved, and because the original theory of brain organization has been
elaborated to add an organizing role for estrogens, in addition to andro-
gens (a change I describe in later chapters).

Given the many varieties of studies, it is helpful to apply concepts from
epidemiology to group them into two main sets: (1) cohort studies and (2)
case-control studies. In epidemiology, “cohort research” generally refers to
studies in which scientists begin by knowing that certain people have had
an exposure (to a substance, an event, or some other factor that is believed
to affect health) and other people have not (Mayrent, Hennekens, and
Buring 1987). Scientists compare the health of people who did and did not
have the prior exposure, in order to determine whether the exposure itself
led to any particular outcome. In cohort studies on brain organization, the
exposure of interest is prenatal hormones, especially hormone levels that
are unusual for the individual’s genetic sex. People with these unusual pre-
natal hormone exposures—whether from a clinical condition or because
their mothers were prescribed hormones while pregnant—are later ob-
served and/or interviewed to see whether their sexuality or other sex-
linked traits differ from people whose prenatal hormone exposures were
normal.

Cohort research on brain organization includes the many studies of peo-
ple with intersex conditions, because ambiguous genitals, or genitals that
don’t “agree” with genetic sex, are almost always a signal of unusual pre-
natal hormone exposures. Other studies have followed non-intersex peo-
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ple whose mothers were prescribed hormones during pregnancies that
were thought to be at risk for miscarriage (a practice that was very com-
mon in the mid-twentieth century). In recent years, a variation on the co-
hort design has been added, in which scientists have some information
about prenatal hormones among a “nonclinical,” or “normal,” cohort.
One such design involves studying girls with same-sex or other-sex twins
(because a genetic female developing with a male co-twin may have a
higher than normal exposure to androgens). Another involves inferring fe-
tal hormone levels from samples of maternal cord blood or amniotic fluid.
In these latter cases, there are not extreme exposed versus unexposed
groups to compare. Instead, comparisons are made within the cohort to
see whether prenatal levels of steroid hormones correlate with levels of
sex-typed behavior.

While cohort studies begin with information about exposures, case-
control studies begin from the opposite direction, grouping people accord-
ing to outcomes and then looking for information on exposures. (In epide-
miology the outcome of interest is usually, but not always, a disease;
increasingly one sees studies of “positive” conditions like resistance to dis-
ease.) For case-control studies, scientists must have fairly distinct groups
to compare, and in brain organization research this means scientists begin
with people they consider to be sexually different from the majority—
including gay men, lesbians, and sometimes bisexuals, as well as trans-
sexual or transgender people. Some investigators approach the difference
among these various sexual minorities as a matter of degree, and others
treat them as categorically distinct, but virtually all studies consider bisex-
uals, gay men or lesbians, and transgender people to have at least partial
“cross-sex” psychosexual differentiation, a result that would presumably
follow prenatal exposure to “cross-sex” hormones. (I don’t mean to en-
dorse this notion. In Chapter 7 in particular, I’ll show that it is a troubled
proposition that creates a lot of tension within brain organization studies.
My point here is simply to explain that it is a core assumption of brain or-
ganization research.)

The working hypothesis in all such studies involves two parts: (1) the
hypothesis that male-typical sexual orientation or gender identity will
correlate with other male-typical physical or psychological traits (and vice
versa for female-typical sexual orientation and gender identity); and
(2) the hypothesis that traits are correlated because both are influenced by
hormones during the critical period of development. For example, a re-
searcher may hypothesize that being sexually attracted to women (“male-
typical sexual orientation”) will be associated with a “male-typical”
pattern of cognition (scoring high on a spatial test like mental rotation
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ability). A correlation like this is taken as support for brain organization
theory. (Note, though, that failing to find such a correlation doesn’t neces-
sarily negate the theory, because the two traits may develop during differ-
ent time periods, and hormone levels may fluctuate during gestation.)

Case-control research, strictly defined, requires concrete information
about whether cases and controls had prior exposure to the agent that
is being investigated (in this case, unusual prenatal hormones). In case-
control studies of brain organization, no one has that information.19 In-
stead, investigators infer prenatal hormone exposures by looking for some
other exposure (like prenatal stress) or outcome (like left-handedness) that
is also thought to be associated with unusual hormone exposures. They
use statistical tests to determine whether the “cases” (sexual minorities)
are appreciably different from the “controls” (those with conventional
sexuality and gender) in terms of this second exposure or outcome.

Some examples of case-control studies of brain organization include
comparing gay men and straight men on features like left- or right-hand
preference, spatial relations, or finger-length ratios—all of which differ, on
average, between men and women and are thought to be affected by early
hormone exposures. These studies also include the familiar “gay brain” re-
search (where gay men’s brains are compared with those of heterosex-
ual men and sometimes women), as well as similar studies that compare
transgender and conventionally gendered people. Why do scientists fo-
cus on sexual minorities for these studies? Given that masculine interests
and sexuality are quite obviously cultivated and encouraged in developing
boys, while feminine interests and sexuality are cultivated and encouraged
in girls, it would not be particularly informative for scientists to simply
compare males and females for these studies. There would be no way to
decide that the male–female differences were due to different hormone ex-
posures rather than to lifelong differences in rearing and socialization ex-
perienced by girls and women versus boys and men. For this reason, scien-
tists do intrasex comparisons of people whose gender and/or sexuality
seem sufficiently distinct from one another to suggest that their brains may
be differently organized for masculinity or femininity.

Through all of the changes and elaborations of research on brain orga-
nization, the basic idea has remained consistent. This theory suggests that
regardless of chromosomal sex, having a male-typical hormonal milieu in
utero leads to male-looking genitals and “masculine” psychological traits,
including erotic orientation to women, as well as broadly masculine cogni-
tive patterns and interests. Likewise, a female-typical hormonal milieu
leads to feminine-appearing genitals and “feminine” psychology, including
erotic orientation to men, and female-typical cognition and interests. From
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a division of labor in reproductive intercourse itself, to a reproduction of
labor in families, and so on, the core assumption of brain organization the-
ory is that masculinity and femininity are package deals with reproductive
sexuality at the core.

What has this vast body of research shown? Before looking at the stud-
ies themselves, it is necessary to take a bit of a detour to consider how, ex-
actly, the studies can and should be analyzed. Not haphazardly, as if it
didn’t matter where in the great pile of data any particular study fit in, but
systematically. In short, scientifically. The next chapter will explain how.
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c h a p t e r t h r e e

Making Sense of Brain
Organization Studies

Through the gradual accumulation of modest but generally posi-
tive research results, the theory of brain organization by hormones

has been increasingly accepted as a fact rather than a theory. Yet a key as-
pect of the existing evidence for the theory is often overlooked: individual
studies can never be decisive in supporting the theory. Neither can results
of multiple studies simply be evaluated in an “additive” fashion. Rather,
because all the studies are quasi experiments instead of true experiments,
the overall credibility of the theory depends on how well studies fit to-
gether. The basic principles behind experimental research are familiar to
anyone who has gotten as far as middle school science. What happens to
fish in similar tanks when we vary the temperature of their water? How
does changing the amount of moisture in the soil affect the growth rate of
mustard sprouts? In each case, the experimenter changes one thing at a
time to see how that one change makes something else happen. Experi-
ments that proceed in this way, by varying just one condition when every-
thing else is controlled, are preferred over other kinds of studies because
they provide strong evidence that any change observed can be traced to a
particular cause. Quasi experiments, on the other hand, are a catch-as-
catch-can proposition. Some things, like human development, can’t be de-
liberately manipulated, so scientists have to improvise creative ways of
studying the issue without the systematic and controlled information an
experiment would yield.



This chapter covers some basic issues of design and measurement in
quasi-experimental research that should guide an evaluation of studies on
hormonal organization of the brain in humans. Readers who are familiar
with quasi-experimental methods and measurement theory may wish to
skip this chapter, or skim selected parts. There are three main sections to
the discussion. In the first, I consider how quasi experiments are different
from true experiments in terms of the strength of evidence that any indi-
vidual study can provide. To illustrate these points, I consider, among
other things, research on how hormones affect the developing physiology
of humans and other animals. In the second section, I introduce mea-
surement theory as a method scientists use to evaluate how well their
concrete research practices fit with their theoretical interests and claims.
Third, I build on measurement theory to develop three simple symmetry
principles that can help both scientists and readers of science evaluate how
well studies, especially quasi-experimental studies, fit together to form
strong scientific evidence.

Experiments and Quasi Experiments

Studies of how early hormone exposures affect the development of genita-
lia and reproductive organs in small mammals are good examples of true
experiments. In all mammals, reproductive morphology is initially identi-
cal in males and females; that is, all mammal embryos have some bi-
potential structures (those that might develop as either male-typical or
female-typical) and also have both male and female duct systems—of
which one will regress and the other will develop (leaving aside, for now,
the more complex and relatively infrequent intersex cases, in which repro-
ductive development is mixed or ambiguous). Experimental embryologists
and other developmental biologists had established early in the twentieth
century that hormones play a key role in the process by which animals de-
veloped from this “sex neutral” state into males or females, but conflicting
results and arguments over research designs had left important questions
unanswered. Which hormones controlled which part of the process? Were
estrogens and androgens both important? In the 1940s and 1950s, the re-
nowned French embryologist Alfred Jost developed innovative techniques
that allowed him to meticulously vary just one factor in development at a
time (Jost 1953). Among his most striking experiments were the fetal cas-
trations he performed on rabbits. By operating very early in development,
Jost could observe how development proceeded in the absence of endoge-
nous hormones normally produced by the animals’ own testicles or ova-
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ries. Jost found that removing the testes in male animals produced the
most striking results: rather than a penis, scrotum, and male duct system,
the animal developed nearly normal female structures, including vagina,
clitoris, uterus, and oviducts. On the other hand, removing the ovaries in
female animals did not seem to fundamentally alter the usual course of de-
velopment: the animal did not develop any typically male structures and
did have all the usual female structures. In additional experiments, Jost ad-
ministered androgens and estrogens to the castrated animals and found
that both genetic males and genetic females developed male-typical struc-
tures if androgens were administered during the right time in development
(Jost 1970; van den Wijngaard 1997; Fausto-Sterling 2000, esp. 199–205).

It will immediately be clear that such truly experimental research on
how prenatal hormone exposures affect human development is completely
out of the question. That is the case whether one is interested in human
genital development, physical development of the brain, or human psy-
chology and behavior. (Importantly, though, as I’ll show later in this chap-
ter, the distance from the experimental gold standard is much greater for
the development of brain and behavior than for genitals.) True experi-
ments on how hormones affect human reproductive structures, as with
studies in other animals, would need to proceed by systematically altering
the hormonal environments of human embryos—removing testes or ova-
ries or otherwise blocking the embryo’s endogenous hormones, introduc-
ing external hormones, modifying the maternal hormones that contact the
embryo, and so on, then observing the structure and functions of the ex-
perimentally manipulated infants at birth. This is abhorrent, of course,
even as a thought experiment. But bear with me as I draw the case out a bit
further, because it is crucial to the arguments that will follow.

Controlled experiments on human brain organization are even more dif-
ficult to conceptualize. This is partly because the brain takes much longer
to develop, and environmental inputs—including interactions with other
people—are required in order for neural connections to be made, strength-
ened, and/or maintained among cells within the brain, as well as between
the brain and the rest of the body. That is, the physical architecture of the
brain (the size and shape of particular brain areas and how various areas
connect), as well the function of key cells such as hormone receptors, all
depend to some extent upon the particular stimulation and interaction the
person experiences. So a true experiment on human brain development
would have to subject a substantial number of infants to rigidly controlled
stimuli through their development into toddlers and beyond, most espe-
cially including early interactions with parents and other caretakers when
brain development is happening most rapidly. Even if this were not a nasty
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idea, it’s not plausible that caretakers could be made to follow such a rigid
program of interaction and socialization.

But other, less-controlled experimental methods have been devised for
understanding the role of single factors in processes that are multiply de-
termined and develop over a long period of time. Think about complex
diseases with long developmental periods and multiple risk factors: can-
cers and any of the chronic diseases like heart disease or diabetes fit the
bill. Experimental research on human brain organization might theoreti-
cally look something like the clinical trials used to test prevention methods
or treatment for such diseases. In a classic clinical trial, people with similar
medical conditions are randomly assigned to get either a new drug or a
placebo. In addition to using random assignment, these studies also use a
technique called “blinding,” meaning that the information about who is
getting the drug versus the placebo is not revealed. Ideally, the study is
“double-blinded,” meaning that not only the patients, but also the medical
staff who are evaluating patients’ progress, must be unaware of who is get-
ting the drug.

So, following this model, one could imagine a clinical-trial-type study of
human brain organization. There would need to be hundreds or even
thousands of participants, because the statistics required for handling mul-
tiple inputs and complex outputs are trustworthy only with large numbers.
Such an experiment would entail randomly assigning a large number of
pregnant women to different groups and systematically varying the hor-
mone exposures across these groups. This would result in cohorts of chil-
dren whose fetal hormone exposures could be (eventually) compared. As
long as the study was going on, though, no one must know which kind of
exposure any particular child had—not the families into which these chil-
dren were born, nor the children themselves, nor their doctors, their teach-
ers, or anyone else. When the offspring of these experimentally manipu-
lated pregnancies are adults with enough sexual experience to evaluate,
scientists could then unseal the record of their hormone exposures and see
whether there are correlations between fetal hormone exposures and adult
sexuality.1 This design is obviously, again, in the realm of dark fantasy, not
reality. So what is a curious scientist to do?

Because they can’t do experiments on how hormones affect human de-
velopment, scientists rely on a network of quasi experiments. Unlike true
experiments, where the controlled circumstances of the research can give
strong evidence about cause-and-effect relationships from even a single
study, quasi experiments become convincing only when multiple studies,
related in specific ways, all point to the same conclusions. Neither individ-
ual studies nor even a small set of replications can ever be decisive in sup-
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porting the theory of brain organization in humans. Nor can the results of
even a vast number of quasi experiments simply be evaluated in an “addi-
tive” fashion. Rather, because all the studies are quasi experiments, the
overall credibility of the theory depends on how well the studies fit to-
gether. The rest of this chapter is devoted to considering what it means that
quasi-experimental studies fit together well or poorly, and the rest of this
book, in turn, applies these principles to evaluate the specific studies that
have been conducted on sexual organization of the human brain.

Because quasi experiments derive their strength from their relationships
with other studies, a reasonable evaluation must consider all—and only—
the studies that examine the same hypothesized cause and effect. If you
can’t actually do an experiment to see if X causes Y, then you consider all
the quasi experiments about the effect of X on Y. Obviously, it wouldn’t
make sense to throw in some studies about the effect of X on Z rather than
Y, nor would it be fair to include only some of the studies that examined
the effect of X on Y. (This is the simplest kind of symmetry, and that is the
analysis I present in Chapters 4 and 5.) So far, so good. But what if the hy-
pothesized outcome, Y, isn’t something simple and concrete, but is com-
plex, difficult to define, or changeable? In other words, what if the out-
come is something like human sexual desires and behaviors? In this case,
the issues of definitions and measurement are critical, because we must be
sure we are grouping studies properly. Before we can conclude that certain
kinds of hormone exposures “organize” the brain for feminine sexuality,
we must be clear about what constitutes feminine sexuality (the subject of
Chapter 6); the same goes, of course, for homosexuality (Chapter 7),
“masculine” or “feminine” interests and priorities (Chapter 8), and so on.

At the most basic level, studies fit together when they have both similar
inputs and similar outputs. To get a sense of what this means, consider the
example of cancers and chronic diseases again. Although clinical trials are
used for developing prevention programs and treatments, it is not possible
to conduct clinical trials for the purpose of pinpointing risk factors. That is
because once a scientist has a hypothesis about some possible risk factor
that is firm enough to warrant investment in a clinical trial, that very same
hypothesis also makes a trial unethical: the ethics of research with humans
dictate that you cannot subject people to exposures that you suspect are
harmful. Instead, scientists do “observational studies,” a kind of quasi ex-
periment in which scientists don’t actually intervene at all, but simply ob-
serve and compare what happens to people under various conditions.
Studies linking cigarette smoking to lung cancer are a classic example.
These studies employ a variety of designs, but all of them link smoking
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with lung cancer. One common approach is to compare smokers to non-
smokers and see which group develops lung cancer more frequently;
though nonsmokers do develop lung cancer, the smokers, as a group, de-
velop lung cancer far more often. Another design is to identify everyone
who is diagnosed with lung cancer within a particular geographic area and
time period, get cigarette-smoking histories from these people, and then
compare the smoking rates among the people with cancer to smoking rates
in the general population. These studies show that, compared with the
general population, people diagnosed with lung cancer, as a group, have
smoked many more cigarettes and have smoked over a longer time period.
Even though these designs are different, both kinds of studies “fit to-
gether” if they are using similar criteria for the input (smoking) and the
output (lung cancer). It is very important to note here, though, that studies
of slightly different inputs (smoking marijuana instead of cigarettes, for
example, or chewing tobacco instead of smoking it) are not part of the net-
work linking cigarette smoking to lung cancer—such studies are treated as
irrelevant for the link between cigarette smoking and lung cancer. Obvi-
ously the same thing is true for different outputs: studies linking cigarette
smoking to heart disease, for example, or even to breast cancer, do not
provide any evidence about the link between cigarettes and lung cancer.

The evidence tying cigarette smoking to lung cancer is among the stron-
gest epidemiological evidence that exists for any risk factor. This is partly
because of the numbers of people that have been studied, and because the
link between cigarettes and lung cancer is so strong—a more subtle contri-
bution to lung cancer would have been harder to detect and confirm. It is
also because the findings have been repeated with so many different de-
signs looking at the same input and output. A further very strong indica-
tion that cigarettes actually cause cancer, and are not simply related to it, is
the fact that there is a dose–response relationship, meaning that the inci-
dence of lung cancer consistently increases as the amount and duration of
cigarette smoking increases. Finally, these quasi experiments in humans fit
very well with experiments on other animals, in whom cigarette smoke
also induces lung tumors.

A similar network of quasi-experimental research links early hormone
exposures to human genital development, and for this reason this network
also provides a good example of robust quasi-experimental research. First,
controlled experimental research in small mammals, such as the studies by
Jost described earlier in this chapter, provided a strong foundation for un-
derstanding the basic connection between androgen exposures during a
critical period of development (the input) and male-type genitalia (the out-
put). Second, the principles established in those studies seem to hold across
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all mammal species studied, including primates (an important consider-
ation, because for many purposes primates are considered a better model
for human development than are other animals). Given that there are very
broad similarities in genital structures across all mammal species, such
cross-species data are strongly relevant. Third, the experimental findings
accord well with the results of observational research in humans. The hu-
man studies that are most important for understanding genital develop-
ment involve a group of intersex conditions, those cases in which people
are born with genitalia that either are not typical for their genetic sex or
cannot be clearly classified as female or male. The most common cause of
intersex births in genetic females, a condition known as congenital adrenal
hyperplasia, or CAH, provides a good example. CAH affects the adrenal
glands such that (among other things) the fetus has unusually high andro-
gen levels during the period when the genitals are differentiating. Many ge-
netic females with CAH are born with genitals that range from slightly
masculine (for instance, having an unusually large clitoris or partially
fused labia) to being indistinguishable from the usual male pattern, with a
fully developed penis and fully fused (though empty) scrotum rather than
labia. Further, as with the example relating cigarette smoking to lung can-
cer, there is a dose–response effect: more-severe alterations of adrenal
function are correlated with greater virilization of the genitalia (Forest
2004).

Particularly dramatic quasi-experimental evidence for the association
between early androgen exposures and the development of masculinized
genitalia comes from hormone-treated pregnancies. One popular class of
steroid hormones used in “anti-miscarriage” regimens during the 1950s
and 1960s were the progestogens, which include both natural progester-
one and synthetic steroids that bind to progesterone receptors. Progester-
one is critical for physiological processes related to pregnancy (hence the
name), but the progestogens, including progesterone, are also androgen
precursors, meaning that the body can convert these steroids to androgens.
Interestingly, the jury still seems to be out on whether treatment with
progestogens does anything to prevent miscarriages (Wahabi, Althagafi,
and Elawad 2007). However, one effect that is not disputed is that treating
pregnant women with progestogens resulted in the birth of some genetic
females with masculinized genitalia (Wilkins 1960; Ehrhardt and Money
1967). The degree of masculinization was correlated with both the timing
and the amount of progestogen administration, which helped pinpoint the
precise period during which hormone exposures affect sex differentiation
of the genitals in humans and also gave dose–response evidence that the
hormone itself was what caused the genital changes (Schardein 1980).
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Taken together, the nonhuman experiments and the multiple kinds of ob-
servational data in humans form a strong quasi-experimental network that
supports the role of androgens in the development of masculine genitalia.

But we should be very cautious before extending this very well-
established connection between androgens and genital development to
conclude that androgens also masculinize the human brain. Genital devel-
opment provides a much simpler experimental model than the develop-
ment of sexual “personalities” and desires, for a variety of reasons:

1. The developmental period is much shorter and earlier for the genitals
than for the brain. In humans, genitals and reproductive structures de-
velop their basic morphology early in fetal development. Even though gen-
itals go through a second developmental phase at puberty when they grow
and mature, the structures are formed long before birth. This is in marked
contrast to the development of the human brain, which is extremely unde-
veloped at birth. Genital development is certainly also different from psy-
chological and behavioral masculinity or femininity. These develop over a
much longer period, and even the most diehard biological determinist
would concede some effects of culture, rearing, and experience on them.

2. It is much more problematic to draw on animal evidence for under-
standing the development of brain and behavior than for understanding
the development of genitals. First, there is less similarity in brain structure
across mammal species than there is in genital structure. Second, human
behaviors, personalities, and desires are so different from what we observe
in other animals as to complicate or even defy comparison in many do-
mains, including sexuality. Much as genital structures are similar across
mammalian species, one core function of genitals—reproduction—is also
similar. Reproduction in all mammals requires a male to insert a penis into
a female’s vagina during her fertile period and to ejaculate (fairly recent
variations and technological innovations available to humans notwith-
standing). But sexual behaviors are another thing altogether. For one
thing, many “sexual” behaviors, both in humans and in other animals, of-
ten are not directly associated with reproduction. For another, when re-
productive behavior is involved, all animals have complex complements of
behaviors that precede, accompany, and follow the act of insemination.
Many of the experiments linking sexual behaviors in rodents to early ex-
posure to androgens, or lack thereof, look at “feminine” behaviors like ear
wiggling (an invitation to sexually approach) or lordosis, a characteristic
arching of the back that allows another animal to mount from behind and
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achieve penetration. What would the human counterparts to these behav-
iors be?

The difficulty is only compounded when we move outside of the domain
of sexuality. Some human traits that are believed by some scientists to be
affected by androgens do not have clear nonhuman correlates: verbal flu-
ency, for example, or any sort of math skill. The point here is not to claim
that there is no possible way to relate complex human behaviors to behav-
iors in other animals, but to underscore the fact that this is a much more
ambiguous undertaking, with much more room for argument and error,
than comparing genitals.

3. Human brains, unlike genitals, cannot be “sexed,” meaning that they
cannot be sorted reliably into “male-type” and “female-type” by observers
who don’t know the sex of the person they came from. As a thought exper-
iment, imagine that one were to take scientific photographs of the genitals
of a thousand human adults and present these photos to a team of judges
without any other contextual cues as to the sex of the individual to whom
the genitals belong. It would be possible to sort the photographs into male
versus female piles with almost 100 percent accuracy. This is not to suggest
that there is no intrasex variety in genital size and shape, nor to ignore the
existence of intersex people whose genitals might not be so easily catego-
rized, but simply to underscore that in a group of only one thousand people,
it will be possible to clearly place almost all human genitals into one of two
main types. Human brains are another matter entirely. In spite of much
trumpeting that there exist “female brains” and “male brains,” the extent
and nature of physical differences in the brains of human females and
males is highly controversial, with some scientists claiming that there are
no clear-cut differences, others claiming that there are some subtle average
differences, and still others claiming that the differences are dramatic.

The absence of scientific consensus on this point is not for lack of effort.
Indeed, the German physician Franz Josef Gall (1758–1828), the founder
of phrenology, which some neuroscientists consider the forerunner of con-
temporary “brain localization theory,” claimed two centuries ago that the
differences between male and female brains were so great that he could
identify the sex of a brain presented to him in water (Russett 1989, 19).
And Paul Broca (1824–1880), a pioneer in neurology who was the first sci-
entist to link a particular function (in this case, speech) with a particular
brain area (Broca’s area), was passionately interested in the idea that group
differences in intelligence and temperament are related to physical differ-
ences in the brain. Broca devoted more of his craniometric research to
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male–female differences than to any other comparisons between groups
(Gould 1996). (And though he, like Gall, was quite confident that he had
found such differences, history has not been kind to this subset of his “dis-
coveries,” which were based on exceptionally biased methods.)

Fast-forwarding, the most extreme claims about sex differences in the
human brain that I’ve seen in some time come from the neuropsychiatrist
Louanne Brizendine in her popular book The Female Brain (2006). She
claims that the “sex-related centers in the male brain are actually about
two times larger than parallel structures in the female brain,” even liken-
ing the male brain’s “hub for processing thoughts about sex” to O’Hare
Airport while likening the female brain’s “hub” to “the airfield nearby that
lands small and private planes” (91). This may be an amusing comparison,
but from the standpoint of neuroanatomy it is pure imagination, begin-
ning with the assertion that there are “sex-related centers” in the brain.
Though neuroscientists have identified a tiny cell group in the hypothala-
mus that is larger in men than in women, and some of them speculate that
this area may be related to some aspect of sexual function, no one really
knows yet what the area, called the third interstitial nucleus of the anterior
hypothalamus, or INAH3, does (Allen and Gorski 1992; Byne et al. 2000;
LeVay 1991). It may even be related to something as mundane and
“nonpsychological” as menstruation. At any rate, there’s certainly no evi-
dence that it has anything to do with “processing thoughts about sex.”2

In fact, aside from this little nucleus of unknown function, and an over-
all average size difference (which seems to be basically a function of body
weight), there continues to be great controversy about whether there are
any other sex differences in human brain structure. The biologist Anne
Fausto-Sterling has conducted an extremely illuminating analysis of vari-
ous studies on sex differences in the corpus callosum, the band of tissue
connecting the left and right hemispheres of the brain. Although many
studies claiming sex differences in the corpus callosum have been widely
reported in the popular press, Fausto-Sterling finds that, on balance, the
studies do not show either an absolute sex difference in corpus callosum
size or shape or any relative differences (such as differences in specific
brain areas, or differences in size or shape corrected for the overall weight
or volume of the brain) (Fausto-Sterling 2000, 127–135). Sex differences
in various other areas of the brain (such as the anterior commissure and
the bed nucleus of the stria terminalis) have been announced to enormous
publicity, but none of them has yet held up to independent replication.
And it’s worth noting, again, that the identification of sex differences in
the brain is one of the longest-standing projects of neuroscience. After
more than two centuries of effort, surely any “obvious” differences would
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have emerged by now. This is not to claim that there are no sex differences
in the human brain; indeed, the sex difference in the volume of INAH3
does seem to be real. Given the basic differences in male and female repro-
ductive physiology, and the fact that this has to be represented in the brain
somehow, it is somewhat amazing that this is the only sex difference iden-
tified to date.

The lesson here is that sex differences in the human brain are subtle and
elusive, not obvious. To return to the analogy with our hypothetical exper-
iment on sex-typing human genitals, how successful would a similar ex-
periment be if we were attempting to sort human brains into male and fe-
male? Not very; even the most discerning neuroscientists would find it
difficult, if not impossible, to sex-type human brains based on their struc-
tures.

4. What about function? Contrary to popular claims, there is great con-
troversy about whether there are distinctively gendered patterns of brain
function. Do men and women, on average, use their brains differently
when engaged in similar tasks? Quite a few psychologists claim that they
do. Larry Cahill (2003), for instance, has reported brain-imaging tests of
people experiencing emotional memory that indicate more activity in the
left hemisphere, on average, for women than for men. But a look at the
studies indicating these sex-typed patterns of hemispheric activity show
broad overlap in the “maps” of activity for women and men (see Cahill
2003, 1239). Likewise, Richard Lippa (2005, 100) suggests that “men’s
right hemispheres may be more exclusively devoted to visual-spatial tasks
and men’s left hemispheres to linguistic tasks, whereas women may have
more diffuse areas devoted to both kinds of tasks.” But the broadest re-
view to date recently contradicted this claim. Reporting meta-analyses of
four different reflections of cerebral dominance for language, Iris Sommer
and colleagues (2008) found no evidence of greater lateralization related
to language in men than in women.3 A meta-analysis of spatial abilities
also found a more complex pattern than Lippa and others have suggested.
For example, only some kinds of spatial tasks are processed preferentially
in one hemisphere or the other, left-handers seem to be lateralized differ-
ently from right-handers, and the gender differences found in studies so far
are small enough that a few unpublished studies that do not show gender
differences could reverse the overall results (Vogel, Bowers, and Vogel
2003). And even the modest findings to date might overstate the case of
gender differences. As Kaiser and colleagues (2009) recently reported, the
general preference for publishing “positive” findings in scientific journals
is exacerbated in sex/gender research by defaults in the design and analysis
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of studies that “inevitably lead to the detection of differences rather than
to the detection of similarities” (49).

5. Finally, it is true that some human behaviors and personality traits,
unlike brain anatomy, can be roughly sex-typed, but no behaviors or traits
are so close to dichotomous as are genitals. For another thought experi-
ment, imagine that you have available to you as test subjects a thousand
people whose gender is unknown to you, and you give each of them a test
for verbal fluency and a test of spatial relations. It is likely that, on aver-
age, the women in the group will score slightly higher than the men on the
first test, and the men will score slightly higher on the second. But these
group differences will be small, and there will be great overlap in the
scores, meaning that the range of scores for women will be almost identi-
cal to the range of scores for men. For any given score, you would have a
very hard time guessing whether it came from a man or a woman—you
could not assign a gender to that score like you can assign a sex to genitals.
What if you gave your subjects a test for mental rotation ability, which is
considered to be the largest and most reliable gender difference in cogni-
tive ability? For any randomly selected score, you are only likely to be able
to guess the sex of the test taker roughly 60 percent of the time. Even if you
take a mental rotation score on the extreme end (which, by definition, is
not a score that most people of either sex would get), your chances of
guessing the test taker’s gender would improve only to roughly 75 per-
cent.4 That’s not terribly impressive for something that is supposed to sig-
nal a distinctively masculine cognitive skill.

The point here is not to say that there are no sex differences in behavior
or cognitive skills; on average, when large groups of people are involved,
there do seem to be some small but real sex differences (though this does
not mean such differences are innate, as I will consider at length in Chap-
ter 10). The point, instead, is that the nature of differences between the
sexes is such that it is misleading to talk about “male-type” or “female-
type” cognitive patterns, even though it is currently popular to do so.
There is simply too much overlap between the sexes, and too much varia-
tion in traits and skills within each sex, for that sort of categorical refer-
ence to be meaningful.

The one domain where human behavior arguably more closely approxi-
mates dichotomous male and female patterns is sexual partnering. Al-
though significant minorities of both men and women sexually desire and
have sex with partners of their own sex, and some people have sex with
both sexes, most people most of the time seem to desire and have sex with
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partners of the other sex. So, sexual orientation seemingly offers more
promise than other domains for studying whether hormones shape hu-
mans’ brains to be “masculine” (oriented to women) or “feminine” (ori-
ented to men). Scientists working on brain organization believe that hu-
man sexuality, especially sexual orientation, is the most strongly sex-typed
of all human traits and behaviors. It is also the domain where the quasi-
experimental network is potentially the closest to the true experiments
done on nonhuman animals, where most of the studies focus on aspects of
mating behavior.

But “close” is a relative term, even in horseshoes and hand grenades.
Returning to the example of the relationship between cigarette smoking
and lung cancer, imagine that various studies used entirely different defini-
tions for lung cancer. It would be hard to conclude that smoking caused
lung cancer if there was little agreement on what lung cancer is in the first
place. So what kind of agreement is there on what constitutes masculine
sexuality, feminine sexuality, homosexuality, or other sex-typed character-
istics that are thought to result from different kinds of hormone exposures
on the developing human brain?

Consider how homosexuality is defined in research on nonhuman ani-
mals. “Gay sheep” were coincidentally on the front page of the New York
Times (Schwartz 2007) one day when I was drafting this chapter; they join
the lesbian seagulls, gay penguins, and other much-discussed animals who
seem to mate or have sex with partners of the same sex. The “gay sheep”
study mentioned in the headline is of particular interest, because it ex-
plores how rams’ sexual behavior may relate to early hormone exposures
and subsequent brain alterations—that is, it’s based on brain organization
theory (Perkins, Fitzgerald, and Moss 1995; Resko et al. 1996; Pinckard,
Stellflug, and Stormshak 2000). But, as I note in later chapters, it’s impor-
tant to dig under the headlines and examine very closely what is meant
by “gay” even when it is applied to diverse groups of humans, let alone
when applied to nonhuman animals. It rarely means the same thing across
species. In the case of these sheep, “homosexual” rams met a three-part
test for “preferentially” mounting other rams, but never mounting ewes
(Resko et al. 1996, 121). In the case of rats, it has most often meant males
who show an increased frequency of either displaying lordosis or being
mounted by other males (for example, Dörner et al. 1976). Note that these
criteria aren’t just different, they are totally contradictory, even though
both of them are entirely behavioral.

Human sexuality is particularly complex because it involves additional
layers of intention, self-concept, and elaborate social constraints and re-
wards beyond that in other animals. Even keeping the focus on behavior,
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human sexual behavior has, by most sociological accounts, undergone
seismic shifts in the past five decades. The degree of sexual interest, desire,
and activity that is currently considered healthy and normal for American
women, for example, was in the 1950s seen as so unfeminine as to indicate
mental problems. As sexuality research becomes more sophisticated, hu-
man sexuality only seems to look more, rather than less, complicated. Sex-
ual orientation, for example, isn’t one singular thing, but comprises sexual
desires, affectionate feelings, behaviors, and even how someone thinks of
himself or herself socially. People have complex reasons for having sex,
and sexual behavior doesn’t always accord with what people actually de-
sire. Thus, while the New York Times has no difficulty calling some sheep
gay, public health experts have had a tremendously difficult time deciding
when to use this term for humans. Sexuality experts generally agree that
“men who have sex with men,” for example, are not exactly the same set of
men as those who should be considered “gay” (Young and Meyer 2005).

So research on sexuality, while a cornerstone of brain organization the-
ory and potentially the most direct link to experimental studies in other
animals, necessarily involves the measurement of very complex phenom-
ena. Although it is not impossible to study complex behaviors or “traits”
such as those involved in sexuality, it requires special carefulness. Scien-
tists have created a whole body of theory and techniques to address the
problems involved in studying complex and/or abstract phenomena. This
brings us to the issue of measures, which are the working definitions that
scientists use in their research.

Measures as Assumption Containers

Measurement is a border area in research, where technical decisions and
cultural questions of meaning most clearly come together. In any study,
certain ideas about the causes and effects under study are taken as givens
or assumed, and these assumptions are embedded in the way that causes
and effects are defined and measured. In a study of how early hormone ex-
posures affect mature sexuality, the point is to discern the relationship be-
tween hormones and sexuality—not to explore the nature of hormones or
the nature of sexuality. But there is no way to study that relationship with-
out either explicitly or implicitly asserting a great deal about the nature of
the things being related. Measures are where these assertions are made,
because these are the terms that give concrete meaning to the abstract
ideas scientists want to study. Ideally, these assumptions are made explicit,
which is why the “materials and methods” sections of a research report

Brain Storm p 54



should always have a description of measures. Measures can be thought of
as vehicles through which assumptions travel in studies without being
tested.

Scientists can test only what they do not take for granted. That can
make studying familiar phenomena particularly challenging. As Evan Bal-
aban, a neuroscientist who studies behavior, notes, “Behavior is all the
more difficult to study scientifically because everyone seems convinced
that they know what they are studying” (Balaban 2001, 430). This may be
especially true of masculinity, femininity, and sexuality, because certain
ideas about gender and sexuality are so broadly shared in our culture, in-
cluding among scientists (Oudshoorn 1994; Fausto-Sterling 2000; Barres
2006).

When I teach scientific methods, I often use the idea of agnosticism to
explain the ideal of objectivity in science: an objective approach to a prob-
lem requires letting go of fixed ideas about the issues you’re studying.
Most scientists and virtually all historians of science would agree that this
may be a good prescription for science, but it is not a good description of
science.5 That’s because scientists, like all people, have strong expectations
about the way the world works, and perhaps especially about the things
that we choose to study. Scientific methods are an evolving set of practices
that are meant to counter scientists’ intellectual and emotional investments
in their own research so that their studies avoid getting “rigged” to find
outcomes that would please them or confirm their pet theories. That is, sci-
entific methods should give an equal chance for the scientist’s hypothesis to
be refuted as for it to be supported. But methods that are created to elimi-
nate “bias” (such as random assignment of experimental conditions or
blinding) do not totally eliminate the effect of scientists’ beliefs and as-
sumptions on their research.6 One place where both scientists and those
who study scientists agree that assumptions always operate is in the pro-
cess of setting definitions and measures for the phenomena that are stud-
ied.

Because brain organization studies are quasi experiments, looking at
measures is important not just for understanding what is assumed about
sex-typed traits within particular studies, or even what kinds of assump-
tions you find in this research field more generally. Attention to measures
can—in fact, as I argue below, it must—be a part of deciding how well the
theory of brain organization is empirically supported by research so far.
Close examination of measures is therefore a key part of analyses in this
book, especially in Chapters 4 through 8.

The best-known study that focuses on measurement as a way to evalu-
ate scientific knowledge, Stephen Jay Gould’s The Mismeasure of Man
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(1996), illustrates how scientists’ expectations can distort research. Gould
demonstrated how extremely competent and well-respected scientists sys-
tematically erred in their physical measurements of different human
groups (divided by race, sex, and social class), such that the measurements
corresponded to the scientists’ beliefs about the social value of the groups
rather than to the physical characteristics they measured. So the scientists
literally saw Africans’ brains as smaller than European brains, saw “less-
evolved” traits in the skulls of women compared with skulls of men, and
so on.

Like Gould, I am interested in how scientific measures reflect scientists’
assumptions, but my overall approach is quite different from his. In the
analysis for this book, I have not looked for mismeasures, but instead have
tried to document the range of measurement in brain organization re-
search, especially to see the degree of consistency and inconsistency as well
as change over time as the field has evolved. Also, I am not so interested in
physical measurements (even in studies that correlate sexuality with physi-
cal traits like finger-length ratios). Instead, I concentrate on how scientists
measure sexual behavior and psychological traits that are thought to re-
flect certain patterns of brain organization, because measuring these kinds
of phenomena poses very particular challenges.

Researchers in behavioral biology are interested in traits, characteristics,
or attributes that cannot be directly observed because they are abstractions
and simplifications for the way people are—that is, how they behave or
feel or think over time and in a variety of different circumstances. The
nonobservable attributes that scientists want to know about are referred
to as constructs. Hoi K. Suen has explained that “constructs are literally
constructed by psychologists to explain some phenomenon” (Suen 1990,
7). Suen uses “math aptitude” to illustrate what a construct is. Whereas
the score that someone receives on a single math test is concrete, singular,
and directly observable, the notion of math aptitude is an abstraction used
to explain or predict how well someone can solve various kinds of tests
and problems they encounter. When scientists are trying to understand hu-
man development, a single score or a single instance of any behavior is not
that informative. They want to know about the underlying characteristic
of the person that creates regular patterns in their behavior (the thing that
makes it likely someone will score a certain way on next week’s test as well
as on this one). In practice, the only way we can determine whether an ab-
stract trait is present or not is to use the concrete measures we have (even
though we acknowledge that any concrete measure will be at best an ap-
proximation of any abstract trait). So the measure becomes the working
definition for the trait.
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Consider how this works in brain organization research. Focusing just
on studies about sexuality, the constructs that scientists want to assess in-
clude such traits as “masculine sexuality” or “homosexuality,” or perhaps
more limited sexual attributes that are thought to signal masculinity or
femininity, such as “sexual arousability.” When a scientist asks questions
about concrete behaviors or responses, such as how often a person thinks
about sex or becomes aroused in certain contexts, those responses are not
the thing that the scientist is ultimately interested in. Instead, she or he is
interested in using that information to draw conclusions about abstract
traits such as “libido” or “arousability.” It is this sort of abstract trait that
is relevant for the following discussion of constructs.

Measurement principles are scientific rules for exploring whether scien-
tists have actually measured what they intended to measure in their re-
search. A great deal of current work in measurement is very mathematical
and abstract, but the basic principles all derive from a simple question:
Does the measure indicate what it is supposed to indicate? Imagine that
one defines the construct “homosexuality” as “an erotic attraction to per-
sons of one’s own sex.” Now imagine that homosexuality is measured as
“the proportion of sexual partners who are one’s own sex.” The opera-
tional definition is different in important ways from the more abstract
definition: the question has redefined homosexuality as sexual behavior,
while the construct is about “erotic attraction,” which may or may not be
manifested in behavior. Further, in the abstract definition, opposite-sex
attraction is irrelevant, whereas in the concrete measure, same-sex ver-
sus opposite-sex attraction are weighed against each other. This example
shows that the abstract definition is not necessarily more satisfactory than
the operational definition: many people understand being “homosexual”
to mean not only that one is attracted to persons of one’s own sex, but also
that one is significantly more attracted to persons of one’s own sex than to
persons of the other sex. Otherwise, it might be more appropriate to think
of people who are simply attracted to people of their own sex as bisexual
rather than homosexual.7

Perhaps paradoxically, measurements are strongest where scientists have
been uncertain about how best to capture a particular construct. This is
because when scientists are not sure their measures are good, they tend to
try out various measures, compare alternatives, and gather information
about how reliable and valid measures actually are. In a classic text on
quasi experiments that covers many measurement issues, Cook and Camp-
bell (1979) note that it is best to test hypotheses with alternative defini-
tions for particular constructs, as well as with alternative measures for
particular definitions. Open discussion and mutual critique among scien-
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tists may help bring to the surface assumptions that would remain buried
if there were no disagreement. It must be stressed that simply using a great
variety of measures is not the same as doing actual measurement analysis,
where scientists systematically examine the effects of their measurement
choices on the results of research. Testing alternative measures is also quite
different from the common strategy in brain organization studies of in-
cluding a great many variables related to psychosexual development and
perusing that long list for individual items that are different between hor-
mone-exposed and unexposed people (see, for instance, Ehrhardt, Epstein,
and Money 1968; Masica, Money, and Ehrhardt 1971; Meyer-Bahlburg
1977; Kester et al. 1980; Ehrhardt et al. 1985; Lish et al. 1992).8

In measurement as in science generally, uncertainty and disagreement
are considered fruitful, even necessary, for developing rigorous methods.
Yet key scientists repeatedly assured me that the constructs they work with
in the realm of sexuality are “common sense.” Thus, measures for most
traits, especially in the domain of sexuality, have not been seriously de-
bated in brain organization research, with the single exception of how ani-
mal behaviors should be used as models for human sexual orientation. A
review of that debate will be useful. Because animal studies provide the
only experimental evidence on hormonal brain organization, a strong rela-
tionship between animal and human studies is especially important for
supporting the theory. But brain organization researchers have been criti-
cized by other scientists for their tendency to equate human homosexuality
(a preference for same-sex partners) with “sex-atypical” mating behaviors
in other animals, that is, behaviors that are more common in the other sex
(Meyer-Bahlburg 1977; Byne and Parsons 1993; Fausto-Sterling 2000). In
particular this means that female animals who mount other animals with
greater frequency than is typical, or male animals who allow themselves to
be mounted more frequently than is typical, have both been characterized
as “homosexual”—even when they interact with animals of the other sex
rather than the same sex, and even though “normal” animals of both sexes
mount and receive mounts to some degree.9 For example, in a 1975 paper,
Gunter Dörner et al. wrote that “male rats castrated on the first day of life
show predominantly female-like, i.e., ‘homosexual,’ behavior following
androgen substitution” and suggested that this provided a “possible path-
ogenesis for inborn homosexuality in human males” (1–2). As Byne and
Parsons (1993, 231) noted, such reasoning forces us “to conclude that
there is only one homosexual when two individuals of the same sex are en-
gaged in sexual intercourse and that the homosexual individual is obvious
from the [sexual] position he or she assumes.”

Partly in response to this criticism, scientists have increasingly used al-
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ternative ways to assess partner preference in animals. One such assess-
ment is called a T-maze or Y-maze. A test animal is placed in a maze with
two arms in a T- or Y-shape layout, in which a male animal is tethered or
in a “goal box” at the end of one arm, and a female animal is similarly po-
sitioned at the end of the other arm. Researchers observe how often the
test animal approaches male versus female animals in the maze, and may
also observe how test animals behave once they approach the tethered
“partner” of choice (for instance, Paredes and Baum 1995; Bodo and
Rissman 2007). By introducing these two-armed mazes and other tests
(like designating rams as “male-oriented” if they interact only with other
rams, and not with ewes), researchers acknowledged that “sexual prefer-
ence” must be conceptualized and measured in a way that relates more
logically to human preference if these studies are to provide informative
data for cross-species comparisons.

Significant effort has gone into improving measures in animal research
so that animal behaviors can be related to human sexual orientation, but
the models are still problematic. (Problems include, notably, the continued
use of lordosis as a homologue for female-typical sexual behavior in hu-
mans, and the fact that it requires a great deal of inference to suggest that
approach behaviors, like those tested with Y- and T-mazes, are a good
model of sexual orientation.) Likewise, there is ongoing, productive de-
bate on how best to measure other aspects of personality and cognition
that might be affected by hormone exposures, especially handedness (e.g.,
Holtzen 1994; Satz et al. 1991) and visuospatial abilities (e.g., Hines 2004,
esp. 12–16). In contrast, human sexuality as a broad domain, as well as
specific categories or types of sexuality (homosexuality, masculine sexual-
ity, and feminine sexuality) are routinely treated as simple, commonsense
ideas. There seem, on the surface, to be no disagreements over definitions,
no technical issues of measurement to hammer out.

For anyone familiar with historical, sociological, or anthropological re-
search on sexuality, this quietude seems odd, even suspicious. The history
of sexuality has literally exploded with creative research in the past three
decades, showing that how people experience and express sexuality, as
well as expert ideas about sexuality, have undergone vast changes in just
the past two hundred years or so in the United States and Europe. To high-
light just a few heavily researched topics, interested readers can consult
many excellent volumes that historicize notions that often seem quite time-
less and “natural” to us, such as sexual orientation (Foucault 1990; Katz
1995), “normal” men’s and women’s sexual natures and practices (Mosse
1985; D’Emilio and Freedman 1988; Irvine 1990, 1995; Cook 2004), dis-
tinctions and similarities between male and female bodies (Laqueur 1986;
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Russett 1989; Laqueur 1992), and the relationships among various sites
that “signify” sex in an individual—including the physical body; mental,
emotional, or behavioral expressions; and relations with others, especially
sexual desires and practices (Oosterhuis 1997; Dreger 1998; Terry 1999;
Mak 2004, 2006).10 In addition to historical change, there are difficult
conceptual issues in researching sexuality and gender because of extremely
different usage of key terms within as well as across disciplines (Sell 1997).

How, then, is it possible to approach an analysis of definitions and mea-
sures in studies that examine the possible influence of hormones on aspects
of gender and sexuality? Happily, it isn’t necessary to resolve these contro-
versies and examine researchers’ measures against some abstract “gold
standard” definitions. Instead, it is simply necessary to take a close look at
the measures scientists use in their work on brain organization. If concepts
like “masculine sexuality” or “homosexuality” are indeed simple, then the
definitions ought to be pretty consistent throughout the research. But if, as
in the comparison of human research and animal research, “homosexual-
ity” in one study is quite different from “homosexuality” in another study,
then you can draw two conclusions. First, “homosexuality” is not an obvi-
ous concept. Second, studies using different definitions of homosexuality
can’t be treated as though they are looking at the same phenomenon—you
can’t simply string the results together and see whether, on balance, the
studies show that “prenatal hormone exposures influence the development
of homosexuality.”

Symmetry Principles

In science, strong measurement should increase the symmetry of meanings
at three levels: within each study, across studies that involve the same con-
struct, and from the scientific realm to the larger world into which studies
eventually diffuse. Symmetry requires a yes answer to the following three
questions about measures:

1. Within particular studies, do the measures used correspond well to
the abstract constructs that scientists say they are studying?

2. Across studies that investigate the same phenomenon (such as “ho-
mosexuality” or “feminine sexuality”), are the studies’ definitions
of the construct compatible?

3. Does the definition of constructs within the network of scientific
work correspond well to the broadly understood meaning of these
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same phenomena outside the world of science? (For example, how
does “lesbianism” in the research correspond to “lesbianism” in the
larger world?)

Thinking about symmetry at the first level, within studies, is a very inter-
esting philosophical and technical enterprise, but it is an approach that I
mostly put to the side in this book. That is because there is a lot of dis-
agreement among researchers about the best definitions, especially for
phenomena like homosexuality or “feminine” sexuality, including serious
disagreement about whether such phenomena should properly be consid-
ered traits that can describe people. In any case, it is not necessary to re-
solve this question before evaluating the overall evidence for brain orga-
nization. Thus, when I examine measures in the remaining chapters, I
generally emphasize symmetry at the second and third level.

Regarding the third level, there are no strict scientific principles that re-
quire measures to have any correspondence to some term with general
meaning outside of science. However, it is important to think about the
point at which studies leave the world of science and are interpreted in the
context of broad social knowledge, especially because many of these scien-
tists make those links directly in their research reports. In some areas of re-
search, it takes several steps of translation before it is obvious how any
particular study might provide generally applicable knowledge. But brain
organization studies are big news precisely because no such translation is
necessary: they seem to tell us something immediately important about
how fundamental differences in human sexuality and gender come about.
Measures are rarely, if ever, the focus of news reports about studies, and
measures are especially critical because of their relative obscurity.11 When
research findings are reported, abstract constructs, such as “homosexual-
ity” or “feminine sexuality,” are discussed. People who hear about the re-
search have direct experience with sexuality, and have their own ideas and
sense of what these terms mean. When science seems to pertain so directly
to the real world, especially about issues that are socially important, it is
critical to consider how well scientists’ constructs represent the real-world
phenomena to which they are linked.

Note that definitions should not necessarily be exactly the same across
studies. A robust relationship between influences and outcomes should
withstand minor changes in definition. In fact, research evidence about ab-
stract traits will be more trustworthy if various different definitions have
been used, so that the researcher can be sure that minor idiosyncrasies in
measurement are not responsible for the relationships they demonstrate in
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their research. But the definitions across studies that purport to look at the
same thing should not be so inconsistent that it is questionable whether
they capture the same construct.

At the second level, comparison across studies, there is another critical
aspect of symmetry, which has to do with the overall relationship among
variables. Not only must “inputs” (in organization theory, specific hor-
mones) and “outputs” (particular traits or behaviors) be consonant across
various studies, but the relationships between inputs and outputs must be
generally consonant across studies. Importantly, this must include studies
with different designs, as well as similar designs. In other words, it is not
enough that two different studies should relate “testosterone” to some sec-
ond variable like “spatial relations,” or that “spatial relations” are sym-
metrically conceived in the two studies. Most obviously, it is also impor-
tant that the direction of the relationship should be the same (that is, if
testosterone increases certain abilities in one study, but decreases the same
abilities in the other, the two studies certainly don’t support one another).
But other kinds of information must also be considered, like timing of ex-
posures or evidence about dose–response relationships. For example, con-
sider a set of studies that look at testosterone exposures within certain, de-
fined exposure periods (say first versus second versus third trimester of
pregnancy). Imagine that one study finds testosterone exposure relates to
spatial abilities, but only exposures during the first trimester, and a second
study finds that only testosterone exposures during the third trimester re-
late to spatial abilities. These studies are not, in fact, symmetrical. This is
particularly important when studies test a great many relationships, as is
the norm in brain organization research, because the higher the number of
relationships tested, the greater the odds that some relationships will be
“statistically significant” only by chance (this issue is raised for a number
of specific studies in the chapters that follow).

This is especially crucial for quasi experiments. Quasi experiments are
all in some way “weaker” than true experiments, but in addition, particu-
lar study designs have particular limitations. Quasi-experimental princi-
ples demand that study designs should be varied to offer a balance of
strengths and weaknesses, not constantly reproduce the same strengths
and weaknesses (Cook and Campbell 1979). Extending this rule to sym-
metry principles, it is reasonable that the symmetries among inputs and
outputs should hold not only for studies with similar designs, but for stud-
ies that are significantly different.

Thinking about brain organization research with this principle in mind
requires that we first identify the major study designs in this network, and
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think about the particular limitations for each of these designs relative to
experimental research. This would allow us to then group studies for anal-
ysis so that we can be certain that symmetry is not limited only to sub-
groups of studies that have the same sorts of limitations. (The lack of such
comparison is the biggest gap in prior attempts to take stock of brain orga-
nization research in humans.) As noted above, there are three criteria that
make experiments, such as clinical trials, scientifically powerful: (1) the
scientists control the exposure to the drug, so they have clear information
about timing of exposures, dosage, and the exact chemical composition of
the drug being studied; (2) people are randomly assigned to one condition
or the other, so that receiving the drug instead of the placebo cannot have
anything to do with any particular characteristics of the people in the
study; and (3) a double-blind procedure is used, so that neither those
studying the drug nor those receiving it know, for any given participant,
whether that individual is receiving the drug or a placebo, so their beliefs
(including both hopes and fears) about the drug cannot affect how they
perceive it to be working.

Of course, no human study on brain organization meets these criteria.
Each of the different research designs comes closer in some respects to
these criteria than others, but none of them fully satisfies even one of the
criteria used in experimental research. As noted in Chapter 2, the studies
can be grouped into two broad sets: those that follow people for whom
there is some information about early hormone exposures to see how their
adult sex-typed traits develop, and those that work backward from adult
sex-typed traits, looking for clues about the prenatal hormone environ-
ment. The first set offers the advantage that most of the people studied are
actually known to have had unusual prenatal hormone exposures; unfor-
tunately, many factors other than possible brain organization effects may
result in people with unusual prenatal hormone exposures being “differ-
ent” in terms of sexuality or gender—including the fact that many have
unusual genitals, and, given that the theory of brain organization was pop-
ularized so long ago, just knowing that someone had unusual prenatal
hormone exposures might have led parents, clinicians, and others to ex-
pect that they would have atypical gender or sexuality. The second set of
studies, on the other hand, has an entirely different set of strengths and
weaknesses. In these studies, there is no way to obtain direct information
about the prenatal hormone environment. On the other hand, this also
means that there are none of the confounding variables (unusual genitals,
expectation of gender-atypical behavior) that go along with knowledge of
unusual prenatal hormone exposures. Further, because research subjects in
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the second design aren’t drawn from clinically unusual populations, the
findings might be more applicable to a general understanding of how hu-
man gender and sexuality develop.

Summary

These are the principles that guide the analysis in the remainder of this
book. To properly evaluate the evidence for brain organization theory in
humans, we must remember the following:

The studies in humans are quasi experiments, not experiments.
Studies must therefore be evaluated within specific relations to one an-

other.
There must be symmetry in both inputs and outputs.
The symmetry must hold for study designs that have different limita-

tions and strengths.

The next two chapters present brain organization studies in two broad
groups, according to study design. In them, I present a best-case scenario
for brain organization evidence to date, since I do not yet closely attend to
the measures within particular studies. Instead, the focus is simply on
grouping studies to examine the overall shape of evidence for broadly sim-
ilar sets of inputs and outputs, while mostly taking the measures and inves-
tigators’ conclusions about their findings at face value.
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c h a p t e r f o u r

Thirteen Ways of Looking at
Brain Organization

Actually, there are more than thirteen ways of looking at brain orga-
nization in humans, but all of them are sideways. Because brain orga-

nization experiments in humans are out of the question, scientists have
come up with dozens of creative ways to deal with the fact that they can’t
take the full frontal approach. This makes it challenging to assemble the
evidence into a coherent picture. This chapter begins that complex assem-
bly, by arranging and examining the cohort studies. There are many differ-
ent study designs within this group, but they have one thing in common:
the scientists know something about subjects’ prenatal hormone exposures
at the outset. Either they know that the subjects have had unusual hor-
mone exposures (because of clinical conditions or because their mothers
were given hormones while pregnant), or there are some physical hormone
measures available (such as from amniotic fluid).

Within the cohort studies, there are two major approaches. In those co-
hort studies that concern intersex conditions or exogenous hormone expo-
sures, people who had the unusual prenatal hormones are compared with
other people whose exposures were presumably normal. For example,
children or adults with intersex conditions may be compared with people
who attend the same clinics but do not have any hormone-related condi-
tions, or they may be compared with their unaffected siblings or other rel-
atives.1 In the studies where there is some direct measure of hormones,
there is a different technique. Instead of using a control group, the sci-



entists see whether, within the entire group, the levels of certain hor-
mones correlate with aspects of sex-typed behavior. They ask, for exam-
ple, whether children whose samples of amniotic fluid contained more
testosterone score in more or less “masculine” ways on measures of sex-
typed play.

To comprehend the patterns within these many cohort studies, I use the
most basic symmetry principle outlined in Chapter 2, grouping studies so
that research based on similar kinds of inputs and outputs can be consid-
ered together. In this chapter I won’t yet delve into aspects of design that
might make the various studies either more or less convincing on their
own, or other symmetry issues, such as the similarity of definitions or mea-
sures—those analyses are left for other chapters. While I do highlight some
disagreements among scientists who conduct this research, my aim here is
to present a very straightforward summary of findings, grouped according
to how the studies are structured and what investigators report having
found. It is, therefore, a best-case scenario for the evidence of brain organi-
zation from cohort research in humans.

This chapter and the next will set the stage for the more detailed analysis
I present in subsequent chapters. The parade of studies can be somewhat
mesmerizing, and if a reader simply focused on the number of studies
where some effect of hormones had been found, it would read like a slam-
dunk case in support of brain organization theory. But, to anticipate the
conclusion of this chapter, a more systematic evaluation yields a very dif-
ferent picture: once studies are grouped to reflect similar inputs and out-
puts, it is clear that there are very few behavioral domains where there
have been even marginally consistent findings. Thus, this first level of anal-
ysis can function as a winnowing of all the massive data, allowing us to
then look more closely at those domains where evidence does seem to sup-
port brain organization theory.

Studies of Intersex Conditions

The story that began with John Money and his colleagues picks up where
the first researchers outside of Johns Hopkins addressed the organization
hypothesis as an explanation for human sexual behavior. In the early
1970s a clinician experienced in treating patients with intersex syndromes
in the Soviet Union published two research reports that were pertinent
to the organization hypothesis. Arye Lev-Ran (1974a, 1974b) rejected the
organization hypothesis, noting that his own intersex cases agreed with
Money’s early conclusion that “gender is a postnatal and learned phenom-
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enon”(1974a, 392). Likewise, Lev-Ran reported that his intersex patients
developed normal gender identity, heterosexual orientation, and psycho-
logical profiles that were normal for their sex, in spite of having had cross-
sex hormone exposures. Lev-Ran insisted that such findings were incom-
patible with the idea that prenatal hormones meaningfully affect later
sexual behavior, even though Money himself had begun to champion the
influence of prenatal hormones. Others, though, suggested another inter-
pretation. Women in the Soviet Union, where strong taboos against homo-
sexuality and open discussion of sexuality in general prevailed, might be
less likely to report same-sex orientation or even to develop it in the first
place, “regardless of predisposing factors” (Hines 1982, 64).

Lev-Ran’s studies were the last to emphatically hold that postnatal so-
cialization overrides biological factors in gender and sexual development.2

Instead, the trend was quite the opposite, as scientists asserted a much
greater role for hormones than Money and his collaborators envisioned. In
1979 Julianna Imperato-McGinley and colleagues at Cornell University
Medical Center in New York, as well as in the Dominican Republic, pub-
lished a study that would define the opposite end of the spectrum from
Lev-Ran, claiming that next to the organizing effects of prenatal hor-
mones, rearing and experience are all but irrelevant for shaping gender
and sexuality (Imperato-McGinley et al. 1979). The study described male
“pseudohermaphrodites” with 5-alpha reductase deficiency (5-ARD), a
syndrome in which androgens are in the normal range but an enzyme
necessary for male genital development is not present, so genetic males
with 5-ARD are often born with slightly ambiguous, but more female-
looking genitalia. When testosterone levels increase at puberty, adoles-
cents with 5-ARD develop masculine secondary sex characteristics (beard
growth, deepening voice, increased muscle bulk) and some enlargement of
the genitalia (Hochberg et al. 1996). Because fetal androgen levels are not
affected by the 5-ARD syndrome, brain organization theory suggests that
genetic males with 5-ARD should have masculinized brains in spite of
their ambiguous genitalia. Consistent with the theory, Imperato-McGinley
and colleagues reported that the subjects they studied had developed adult
male gender role (including heterosexual orientation and behavior) in spite
of having been reared as girls until puberty.

Imperato-McGinley’s was the first research report to suggest not only
that hormones have a discernible effect on adult psychosexuality, but that
the “natural sequence of events” is for masculinizing hormones to totally
override the social experiences associated with being reared as female
(1233). Imperato-McGinley threw down the gauntlet with this article, di-
rectly attacking both Money’s conclusions from his studies of matched
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pairs of intersex patients and the clinical protocol that developed out of
those studies. Her later studies of the syndrome reiterate this position, us-
ing evidence from an additional case in Italy (Imperato-McGinley et al.
1980), five from Papua New Guinea (Imperato-McGinley et al. 1991), and
seven from Mexico (Mendez et al. 1995). Her core claim was that the acti-
vating effects of pubertal hormones call forth the gender patterns that
were “organized” in the brain by prenatal hormones, and that gender so-
cialization during childhood is largely irrelevant.

In contrast, anthropologist Gil Herdt and physiologist Julian Davidson
examined this condition among the Sambia of New Guinea (1988) and
reached a completely contrary conclusion. Using an anthropological ap-
proach to examine the context of rearing experiences and gender role
among Sambia “turnim-men” (as people with 5-ARD are referred to in
that culture), Herdt and Davidson show that these individuals are neither
unambiguously reared as girls, nor unambiguously “male” after puberty.
Instead they occupy a culturally specific gender category, which is charac-
terized by limited formal participation in male roles but is distinguished
from the category “men” in terms of language and expectations (for in-
stance, they are referred to with a specific third-gender pronoun, they do
not participate in the mature male role of initiation rites, and they are per-
mitted to marry only in rare circumstances where their presumed sexual
inadequacy is not considered to be a serious problem).3

The 5-ARD studies are especially interesting because they reveal an
important schism between brain organization researchers who believe
that hormones actually determine adult sexual behavior to a great extent,
and those who believe that the role of hormones is more subtle. Much of
the disagreement over 5-ARD in particular revolves around the extent to
which any of the subjects in a given study were reared unambiguously as
girls, because the apparently abrupt gender change described by Imperato-
McGinley would be less impressive if parents and important others had
already anticipated that affected children would likely masculinize at pu-
berty. One psychologist who has studied the condition, Peggy Cohen-
Kettenis, has suggested that it is especially likely that children with 5-ARD
will be reared as girls in communities where the syndrome is rare, but she
also notes that “in isolated communities where consanguinity (intermar-
riage) is rather common, the prevalence can be very high” (Cohen-Kettenis
2005, 400). The Pidgin term turnim-men and the existence of a special
Sambian phrase (kwalu-aatmol) for people with 5-ARD suggest that the
syndrome is well recognized among the Sambia (Herdt and Davidson
1988). Similarly, the terms guevedoce (roughly “balls at age 12”) and
machihembra (“first woman, then man”) indicate that the syndrome is
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well known in the Dominican Republic (Ehrhardt 1985; Hines 2004).
Cohen-Kettenis’s review of nearly thirty studies reporting on a total of 140
individuals with 5α-reductase deficiency found that 56 to 63 percent of
those “assigned initially as female” eventually decided to live as men
(Cohen-Kettenis 2005)—but note that she collapses the more nuanced
gender role of “turnim-man” (Herdt and Davidson 1988) into “men” in
order to arrive at these figures. Further, because the figure includes an un-
known, but possibly quite substantial, number of cases in which the child
was expected to masculinize at puberty, the rate of true gender change may
be significantly lower. Another clinical expert on the condition maintains
that “almost all children with 5-ARD are assigned a female gender at
birth” and “most of these individuals continue living in the female role
and gender identity” (Wilson 2006, n.p.). In any case, both estimates and
interpretations of the rate of gender change in this group differ sharply
even among scientists who generally agree with brain organization theory.
Some, echoing Imperato-McGinley et al. (1979, 1991), flatly claim that
“exposure of the brain to testosterone during development and at puberty
appears to have a greater impact in determining male gender identity than
do sex of rearing and sociocultural influences” (Swaab 2004, 302). Others
suggest that alternative explanations, including ambiguous gender assign-
ment where later masculinization is expected, economic and social benefits
of changing to a male gender in some settings, and the fact that affected
children may have a generally masculine appearance regardless of assigned
gender role, should also be considered when people with 5-ARD change
gender (Herdt and Davidson 1988; Hines 2004; Cohen-Kettenis 2005).

Scientists have raised similar concerns in relation to studies of other
intersex conditions, especially congenital adrenal hyperplasia, or CAH. As
I’ve described in earlier chapters, CAH is a genetic disorder that causes
overproduction of androgens from the adrenal glands. It is the most com-
mon cause of genital ambiguity (White and Speiser 2000) and is more
heavily researched than any other intersex syndrome.4 CAH affects both
males and females and can occur in both a “classical” early form or a
milder, late-onset form. Scientists interested in brain organization have
mostly examined genetic females with classical CAH, because high pre-
natal androgens constitute an extreme “cross-sex” hormone environment
in these cases. In genetic females, high levels of testosterone and dihy-
drotestosterone cause various degrees of genital masculinization, from a
larger-than-usual clitoris to a fully formed penis; labia can be fully fused so
that they resemble a scrotum (albeit an empty one). A recent review of
published research suggested that nearly a quarter of genetic females with
classical CAH are initially assigned as males (Dessens, Slijper, and Drop
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2005).5 Early management consists of hormone treatment and surgery
(usually multiple surgeries) to try to create more feminine-looking genitals
by removing or reducing the size of the clitoris, opening the labia, and cre-
ating or enlarging the vagina.

Beginning almost immediately after Money and colleagues began attrib-
uting the “masculine” behavior of women with CAH to prenatal hor-
mones, critics pointed to the many unusual experiences of CAH girls as an
alternate explanation, especially the possibility that girls with CAH are
treated differently because of their masculine genitals (Quadagno, Briscoe,
and Quadagno 1977; Longino and Doell 1983; Bleier 1984; Fausto-
Sterling 1985). Nonetheless, scientists tend to agree that there is over-
whelming evidence of behavioral and psychological masculinization in ge-
netic females with CAH (for reviews, see Reinisch, Ziemba-Davis, and
Sanders 1991; Berenbaum, Duck, and Bryk 2000; Hines 2003; Cohen-
Bendahan, van de Beek, and Berenbaum 2005). Interestingly, in spite of
the broad consensus within the brain organization literature, the most
comprehensive recent medical review of CAH (by investigators who do
not do psychosexual research) suggests that “the influence of prenatal sex
steroid exposure on personality is controversial” (White and Speiser 2000,
253). Breaking down the research findings on women with CAH into the
specific domains (categories of outcomes) that are studied will help explain
the controversy. (A far smaller number of reports include information on
genetic males with CAH, and expectations about how CAH might affect
males’ brains and behavior are less clear-cut, so these are described after
the studies in genetic females.6)

Early reports suggested that “tomboyism,” IQ, assertiveness and aggres-
sion, rough-and-tumble play, specific cognitive abilities, and sexuality were
masculinized in girls with CAH (Ehrhardt, Epstein, and Money 1968;
Money and Lewis 1966; Ehrhardt, Evers, and Money 1968). Later re-
ports, however, have contradicted many of these findings, though most
studies do find masculinization in the broad domains of childhood play be-
havior, aspects of gender identity, and sexuality. Consider first those areas
where initial reports have not held up over time, such as most cognitive
abilities. Initial reports that girls and women with CAH had higher levels
of general intelligence (as measured by IQ) were apparently based on bi-
ased samples, as later studies found IQ to be either lower in individuals
with CAH (Helleday, Bartfai, et al. 1994; Johannsen et al. 2006) or not
different from that of unaffected siblings or appropriately matched com-
munity controls (Quadagno, Briscoe, and Quadagno 1977; Dittmann et al.
1990, “Congenital Adrenal Hyperplasia I”; Sinforiani et al. 1994; Kelso et
al. 2000; Malouf et al. 2006). Though most reviews no longer hold that IQ
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is higher in girls or women with CAH, the claim persists that the high early
androgen exposures in this condition increase specific abilities, particu-
larly spatial abilities. Yet the data do not support this claim either. In terms
of overall spatial abilities, most studies have found females with CAH to
have either typical or impaired spatial abilities rather than enhanced spa-
tial abilities (Hines, Fane, et al. 2003; Resnick et al. 1986; Hampson,
Rovet, and Altmann 1998; Perlman 1973; Helleday, Bartfai, et al. 1994;
Johannsen et al. 2006; McGuire, Ryan, and Omenn 1975; Hurtig et al.
1983; Malouf et al. 2006).7 If there is any effect on spatial relations from
the early androgen exposures experienced by women with CAH, the effect
is extremely specific and subtle. But studies to date do not suggest any dif-
ferences at all, because the results are not consistent even for tests of fairly
specific abilities such as mental rotations. For example, while Resnick and
colleagues (1986) found enhanced mental rotation abilities among CAH
women, three later studies found that women with CAH and unaffected
women do not differ on mental rotation abilities (Hines, Fane, et al. 2003;
Malouf et al. 2006; Helleday, Bartfai, et al. 1994), and one found sig-
nificantly impaired abilities in women with CAH (Johannsen et al. 2006).
Hines and colleagues (2003) did find that targeting abilities were enhanced
in girls with CAH compared with unaffected girls, but this finding has not
been replicated.

Similarly, verbal abilities, language lateralization, perceptual speed,
handedness, and the discrepancy between performance and verbal IQ—all
of which are hypothesized to differ in males and females because of early
androgen exposures—do not consistently show the hypothesized shift to-
ward “male-typical” cognition in CAH-affected females, and mostly do
not differ between CAH-affected and unaffected girls or women (Resnick
et al. 1986; Sinforiani et al. 1994; Mathews, Fane, et al. 2004; Johannsen
et al. 2006; Malouf et al. 2006). Nor have the early reports of increased
aggression among women and girls with CAH (such as Ehrhardt, Epstein,
and Money 1968) been borne out by subsequent studies (Helleday et al.
1993; Berenbaum, Duck, and Bryk 2000; but compare Berenbaum and
Resnick 1997, in which older CAH-affected girls and women showed in-
creased aggression on some measures; also see my discussion in Chapter
8).8 CAH girls are also not “masculine” for other traits that may be associ-
ated with aggression, such as competitiveness, assertiveness, or dominance
(Hurtig and Rosenthal 1987; Dittmann et al. 1990, “Congenital Adrenal
Hyperplasia I”).

Childhood play behavior is another story. The domain “childhood play
behavior” is a broad composite, including energy expenditure as well as
the sorts of toys, games, and playmates a child prefers. When considered
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en masse, the results for childhood play behavior look quite impressive:
fourteen of eighteen studies that examine aspects of play behavior find that
CAH girls are more masculine in at least some dimension. However, when
the specific domains are considered separately, there are more negative
than positive findings for most particular aspects of play. The most robust
finding of play differences between girls with CAH and unaffected girls is
that the former are more likely to prefer playing with so-called boys’ toys,
such as building blocks or vehicles, rather than so-called girls’ toys, such as
dolls or cooking implements (Berenbaum and Hines 1992; Pasterski et al.
2005). But there are not consistent differences between CAH-affected and
unaffected girls for any other aspect of play, including likelihood to prefer
playing with boys (Berenbaum and Snyder 1995).

The results on rough-and-tumble play are especially interesting, in part
because this variable has often been understood as lending itself well to
cross-species comparisons, and animal studies have shown that adminis-
tering androgens increases “rough” play in several species, including some
primates (see, for example, Goy, Bercovitch, and McBrair 1988). Although
parents’ impressions are often that their CAH-affected girls play particu-
larly roughly, investigators acknowledge that these reports may be affected
by parental expectations. The most systematic study of rough-and-tumble
play in humans comes from videotaped observations of play behavior,
comparing children with CAH to unaffected children of their same sex.
Though the measure was clearly sensitive enough to show differences
(there were large sex differences between unaffected boys and unaffected
girls in rough-and-tumble play), the CAH girls were not different from un-
affected girls on any of the four measures for this construct (Hines and
Kaufman 1994). A related concept is the idea of “intense energy expendi-
ture,” which was reported in early studies to be increased in CAH girls
(Ehrhardt and Meyer-Bahlburg 1981). No studies in the literature have
supported this finding with reliable measures of energy expenditure (see,
for example, Dittman et al. 1990, “Congenital Adrenal Hyperplasia I,”
esp. 416).

The second domain in which there are consistent differences is sexuality.
The very first report on adult women with CAH suggested that this was an
area where prenatal androgens had left a permanent impression: “The in-
cidence of homosexual inclinations, the erotic response to perceptual ma-
terial and the personal freedom in sex, indicate behavior more often found
in males than in females” (Ehrhardt, Evers, and Money 1968, 121). Many
reports since then have broadly supported the finding of “altered” sexual-
ity in women with CAH (Money and Schwartz 1977; Dittmann, Kappes,
and Kappes 1992; Zucker et al. 1996), but the differences have not always
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been in the same direction as the early reports suggested. Kuhnle and
Bullinger (1997), for example, studied a relatively large sample of 45 adult
women with CAH and found that, relative to age-matched controls, CAH-
affected women had “impaired” (that is, more conservative and negative)
attitudes toward sexuality, fewer sexual relationships, and no increased
homosexual preference. But decreased sexual interest in men, lower
marriage rates, increased rates of sexual fantasy or behaviors involving
women, and various other kinds of sexual differences as compared with
other women contribute to a continued general impression that sexuality
is “masculinized” in women with CAH (for example, Money, Schwartz,
and Lewis 1984; Mulaikal, Migeon, and Rock 1987; Dittmann, Kappes,
and Kappes 1992; Zucker et al. 1996; Hines, Brook, and Conway 2004;
Wisniewski et al. 2004). Because of the broad consistency of findings in
this domain, it is one of the areas to which I devote in-depth attention:
Chapter 6 is a detailed symmetry analysis of studies on “masculine” and
“feminine” sexuality.

Gender identity is the third area where girls and women with CAH may
consistently differ from other women, though most studies suggest that the
differences are relatively small. Gender identity includes “core” gender
identity, that is, one’s basic sense of self as male or female (or, rarely, as nei-
ther), and more indirect or peripheral aspects of identity that might reflect
one’s degree of certainty, comfort, and happiness with one’s gender, as well
as any possible fantasies, wishes, or plans about being the other gender. Al-
though all studies to date show that the vast majority of genetic females
with CAH who are reared female develop an unremarkable “female” gen-
der identity, many studies do indicate higher rates of “masculine” gender
identity, as well as gender identity disorders, in this group (Ehrhardt, Ep-
stein, and Money 1968; Meyer-Bahlburg et al. 1996; Slijper et al. 1998;
Dessens, Slijper, and Drop 2005; Reiner 2005; Gupta et al. 2006; Meyer-
Bahlburg et al. 2004 and 2006). Most studies, though, find that effects of
CAH on gender are subtle, with no higher rate of actual gender dysphoria
(changing, or wishing to change, one’s assigned gender) (Zucker et al.
1996), even if there are slight differences in such indicators as “reduced
satisfaction with the female sex” (Hines, Brook, and Conway 2004) or be-
ing “more likely to question their female gender” (Wisniewski et al. 2004).
Two fairly large studies using standardized measures of gender identity
find no difference between CAH-affected and control women (Kuhnle and
Bullinger 1997) or affected and control girls (Berenbaum and Bailey
2003).

Most studies of males with CAH have come up empty-handed: there are
clearly no effects from the hyperandrogenization in CAH males on sex-
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typed toys, playmates, childhood activities, or gender identity (Berenbaum
and Hines 1992; Berenbaum and Snyder 1995; Hines, Brook, and Conway
2004; Pasterski et al. 2005). One study found that boys with CAH had re-
duced rough-and-tumble play relative to other boys, which is counter to
the prediction of brain organization theory (Hines and Kaufman 1994).
Two studies also counter the idea that the increased androgens in this syn-
drome would give these boys an extra edge in spatial abilities, instead find-
ing them to have lower scores on spatial tests than control males (Hamp-
son, Rovet, and Altmann 1998; Hines, Fane, et al. 2003), though one
study does report that CAH boys have higher rates of left-handedness and
a more masculine cognitive pattern, both in accord with the theory’s pre-
diction (Kelso et al. 2000). Two studies have reported that CAH males
show a more masculine physical pattern, the relative length of the second
to the fourth digit on the hand (this is called the “2D:4D ratio,” and it is
described in detail in the chapter on case-control studies, because many
such studies examine this ratio) (Okten, Kalyoncu, and Yaris 2002; Brown
et al. 2002). Finally, two studies show that “masculine” personality traits
or disorders are no more common in this group, in spite of their very high
androgen exposures (Berenbaum et al. 2004; Knickmeyer, Baron-Cohen,
Fane, et al. 2006).

In addition to 5-alpha reductase deficiency and CAH, one other intersex
condition has been studied extensively in regard to brain organization: an-
drogen insensitivity syndrome (AIS). As the name indicates, people with
this condition are “insensitive” to the androgens in their bodies. Testoster-
one and other steroids responsible for masculine differentiation of the gen-
italia and (later) secondary sexual characteristics are present, but due to
malfunction of the hormone receptors, the tissues do not respond. Thus,
these genetic males develop entirely female-appearing external genitalia.
Because they appear to be unambiguously female, people with AIS are
usually not diagnosed until adolescence, when failure to menstruate causes
concern (Wisniewski and Migeon 2002). John Money and colleagues
treated women with AIS as a “perfect contrast” to those with CAH—the
former are genetic males with the functional equivalent of no androgen
(it’s present but can’t be used), and the latter are genetic females with an
overabundance of androgen (Money, Schwartz, and Lewis 1984). Adoles-
cents and women with AIS have repeatedly been shown to be absolutely
female-typical in their behavior and psychology, in spite of having the male
XY chromosome pattern (Money, Ehrhardt, and Masica 1968; Wisniew-
ski et al. 2000; Hines, Ahmed, and Hughes 2003). (In keeping with these
women’s self-identification and social and physical presentation, I gener-
ally refer to them simply as “women with AIS” rather than the more cum-
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bersome phrase “genetically male women with AIS.”) Although this does
indicate that there is apparently no direct effect of the Y chromosome on
sex-typed behavior, it is less informative in terms of the theory that andro-
gens “organize” the brain to be masculine. The difficulty, as brain organi-
zation scientists themselves agree (Cohen-Bendahan, van de Beek, and
Berenbaum 2005) is that women with AIS have been reared unambigu-
ously as females, so the effect of androgen insensitivity cannot be analyzed
separately from the effect of female socialization in these cases. The expe-
rience of women with AIS does provide some insight into potential orga-
nizing effects of estrogen, so I return to this syndrome later, when I con-
sider evidence about the role of estrogen.

Normally Androgenized Males Reared as Females

There are several conditions in which genetic males have penises that are
absent, extremely small, or damaged beyond repair. Nearly all children
with these conditions presumably have had normal androgen exposures,
and most have normal sensitivity to androgens. These include congenital
conditions such as cloacal exstrophy (a rare, grave birth defect in which
the bladder and/or intestines are outside the abdomen, and the penis is ei-
ther absent or severely malformed), congenital micropenis (often caused
by a partial insensitivity to androgens, or PAIS), and the rarest of the three,
traumatic accidents (ablatio penis). In earlier chapters I described the case
of David Reimer (aka “John/Joan”). Reimer was born a normal male
child, but was reassigned female after a botched circumcision destroyed
his penis. He later reassigned himself as male. The enormous publicity
given to this case, both as it was initially reported by John Money (1975)
and after it was revised (Diamond and Sigmundson 1997; Colapinto 2001),
has given the situation of sex-reassigned children without hormone disor-
ders extraordinary weight in both public and scientific evaluation of brain
organization theory (see also Money and Ehrhardt 1972; Kessler 1998;
Fausto-Sterling 2000; Butler 2001; NOVA, “Sex: Unknown,” 2001; Pinker
2002; Bailey 2003; Bostwick and Martin 2007).9 The prominent psycholo-
gist Steven Pinker goes so far as to call cases of sex reassignment in cloacal
exstrophy and ablatio penis “the ultimate fantasy experiment to separate
biology from socialization,” because such children have had normal levels
of androgens in fetal development but are reared as girls (2002, 348).
Thankfully, there are very few such cases.

Many scientists and laypeople interpreted David Reimer’s situation as
showing that Reimer’s inability to adjust to living as a girl was caused by
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the prenatal hormone exposures he experienced as a normal male fetus
(for instance, Diamond and Sigmundson 1997).10 Some scientists have
been more cautious, noting that the late timing of the reassignment, as well
as parental ambivalence about the gender change, may have played a sig-
nificant role. Others have pointed to additional possibilities, such as rebel-
lion in response to the “heavy-handedness” with which parents and clini-
cians enforced femininity for this child (B. L. Hausman 2000). As Susan
Bradley and colleagues noted, “Ultimately, all one can conclude is that the
experiment of nurture eventually failed, but why it did cannot be deter-
mined” (1998, e11).11

Ever since David Reimer’s self-reassignment to male was publicized,
claims and counterclaims about the relative importance of “neurological
programming” by prenatal androgens have flown back and forth, even
among scientists who generally accept hormonal brain organization as ad-
equately proven. Milton Diamond, Keith Sigmundson, and William Reiner
are among the most vocal proponents of a clear and determining role for
hormones. In their report of Reimer’s self-reassignment, Diamond and
Sigmundson suggested an immediate revision of the clinical management
protocol for infants with ambiguous or damaged genitalia. That protocol
had previously favored female assignment in most cases where a penis was
deemed inadequate. This is because a penis has been understood to be
indispensable for developing a male gender; constructing a functional pe-
nis had until recently been impossible, and it is still considered more dif-
ficult than constructing a functional vagina (Kessler 1998; Migeon et al.
2002).12 Challenging this protocol, Diamond and Sigmundson wrote that
genetic males “born with a normal nervous system, in keeping with the
psychosexual bias thus prenatally imposed, should be raised up as a male”
(1997, 300). Likewise, based on a review of gender outcome in various
children with “disorders of sexual differentiation,” William Reiner (2005,
549) concluded that “prenatal androgen effects appeared to dramatically
increase the likelihood of recognition of male sexual identity independent
of sex-of-rearing. Genetic males with male-typical prenatal androgen ef-
fects should be reared male.” He even hints that male rearing may be pref-
erable in genetic females with CAH, “if prenatal virilization is moderate to
severe” (551). These views are echoed in several additional case reports
and reviews (Ammini et al. 2002; Reiner and Kropp 2004; Bostwick and
Martin 2007).

Other clinicians and researchers, however, maintain that the balance of
evidence, including that from cases of gender change after traumatic loss
of a penis, tells a more complicated story. In another case of a penis de-
stroyed by a botched circumcision, the details were remarkably similar to
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those of David Reimer, except that gender reassignment happened much
earlier, at 7 months. At 26 years old, she had a clear female gender identity,
even though she had been aware since age 12 of her birth sex and reassign-
ment history. But there are caveats. The clinicians reporting this case con-
sider it of “importance” that she “had a strong history of behavioral
masculinity during childhood and a predominance of sexual attraction to
females in fantasy,” going on to compare her with girls and women with
CAH, saying that both have experienced “prenatal androgenization of the
central nervous system” (Bradley et al. 1998, e12). Still, they caution
against simply assuming that her gender behavior and sexual orientation,
even if not gender identity, were set in stone by early androgen exposures,
because this woman had pursued sexual relationships with men and in-
deed had sought additional vaginoplasty to make heterosexual intercourse
easier. In sum, the only conclusion they felt comfortable making from this
case is that “it is possible for a female gender identity to differentiate in a
biologically normal genetic male, which supports the original conclusion
of Money et al. that sex of rearing may be the most important determinant
of a person’s gender identity” (Bradley et al. 1998, e12).

Two recent reviews comparing gender outcomes in genetic males with
“inadequate” penises, some assigned as female and others as male, came
to similar conclusions. Tom Mazur (2005), for example, found that the
vast majority of individuals with partial androgen insensitivity or congeni-
tal micropenis maintained their initially assigned gender, whether male or
female. Of those who did change gender (9 of the 99 partial androgen in-
sensitivity cases), the switch was as likely to be from male to female as in
the other direction. Mazur firmly concludes that “the best predictor of
gender identity outcome in adulthood is the initial gender assignment”
(419). A second review, published by clinicians at the Pediatric Endocri-
nology unit at Johns Hopkins, likewise concluded that “either male or fe-
male sex of rearing can lead to successful long-term outcome for the ma-
jority of cases of severe genital ambiguity in 46, XY individuals” (Migeon
et al. 2002, 1).

Heino Meyer-Bahlburg, a longtime associate of Anke Ehrhardt and one
of the most prolific researchers of brain organization in humans, comes
down somewhere in middle of this controversy. He has been among those
who have complained of serious methodological problems in reviews of
gender outcome to date, including the fact that too many conditions with
dissimilar clinical profiles are reviewed together, statistical analyses are bi-
ased by either unknown or incorrect baseline estimates, and cases of gen-
der change may be overreported, given that some investigators (especially
Diamond) actively seek out such cases (Migeon et al. 2002; Zucker 2002;
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Meyer-Bahlburg 2005). In a more stringent test of brain organization the-
ory, Meyer-Bahlburg recently conducted a comprehensive analysis of pub-
lished cases of genetic males born with “severe genital abnormalities de-
spite a presumably normal-male prenatal sex-hormone milieu” (2005, 423).
Seemingly directing his analysis at those who would see hormones as all-
important, Meyer-Bahlburg pursued a novel approach, pointing out that if
gender is entirely determined by biological factors, then “there should not
be any difference in gender identity outcome between female-assigned and
male-assigned patients of the same syndrome” (424). Because he found
significant differences in gender outcome between male-raised and female-
raised patients, he wrote that “one must conclude that gender assignment
and the concomitant social factors have a major influence on gender out-
come.” But he also affirmed a substantial role for hormones, since the
female-reared individuals had a higher rate of gender change than those
reared male; in the latter cases, in fact, there was no record of patient-
initiated gender change (432).

Brain organization studies of intersex syndromes and of other genetic
males reared as female are summarized together because they share several
interpretive problems. The controversy recounted above highlights the dif-
ficulty in deciding whether psychosexual differences among intersex peo-
ple are due to the direct effect of hormones on the brain, or to other factors
like the indirect effects on behavior via the development of atypical geni-
tals, or the experience of illness and multiple surgeries.13 There is another,
very specific problem with those cases in which a normal male child is
reared female, though no published critiques that I have seen have raised
it. There is a serious ontological and epistemological difficulty with assum-
ing that parents and others can willfully replicate the “naturalized” view
of gender. Briefly, I mean to indicate by this that social science evidence on
belief systems (Goffman 1963; Garfinkel 1967), as well as gender theory
(for instance, Kessler and McKenna 1978; Kessler 1998; Butler 1993)
would suggest that it matters a great deal whether one believes that a
child’s gender has been changed from its original, “true” form, versus
coming to an understanding about what the “best” gender is in cases of
uncertainty. I explore this point in detail in Chapter 9.

In any case, some scientists see the many interpretive difficulties as in-
validating any conclusions about brain organization in humans from in-
tersex studies, whereas those who conduct brain organization research
view the problem more mildly (for instance, compare Ehrhardt and Baker
1974, 48–49, with Bleier 1984, 98–103). Nonetheless, scientists long ago
searched out less confounded ways to answer questions about brain orga-
nization. Journals have continued to publish a steady stream of reports on
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intersex people, especially people with CAH, but other study designs now
account for a much greater proportion of current brain organization re-
search.

DES: Opportunity from a Tragedy

The drug diethylstilbestrol, or DES, provided just such a new angle. DES,
the first synthetic estrogen to be available in pill form, was widely pre-
scribed to prevent miscarriages from the 1940s until around 1970, when it
was decisively linked to a rare form of vaginal and cervical cancer in young
women who had been exposed to the drug in utero. Given the increased
risk of cancer, and solid evidence that the drug did not in fact prevent mis-
carriage, DES was banned in the United States in 1971 (it was still sold and
prescribed in other countries until the 1980s). Before it was banned, some
two to four million pregnant women received DES. For researchers inter-
ested in the possible effects of hormones on the developing brain, the DES
tragedy also presented an opportunity, because the popularity of the drug
resulted in an unprecedented number of children who had unusual hor-
mone exposures before birth. Even more importantly, DES did not cause
any obvious malformations of the external genitals.14

A new development in brain organization theory made the study of pre-
natal DES exposure especially important. Brain organization theory origi-
nally suggested a simple model of brain differentiation involving andro-
gens like testosterone. Recall that in this model, a fetus of either genetic
sex would develop both physiologically and behaviorally as female unless
it was exposed to sufficient quantities of testosterone during the critical or-
ganizing period. Animal studies in the 1970s and 1980s suggested that the
theory needed to be modified to take into account the chemical conversion
(aromatization) of testosterone to estrogen in the brain. Bruce McEwen’s
group at Rockefeller University and Roger Gorski’s group at UCLA,
among others, reported that blocking the conversion of testosterone to es-
trogen during the critical period of brain differentiation prevents the devel-
opment of male-typical behavior in the rat (McEwen, Lieberburg, Chaptal,
and Krey 1977; Clemens and Gladue 1978; Davis, Chaptal, and McEwen
1979; Gorski 1979). The upshot of the modification was that, although
the substances are thought to affect distinct aspects of sex-related behav-
ior, both androgen exposures and estrogen exposures are believed to lead
to more male-typical brain organization.15

It may seem puzzling that all fetuses aren’t masculinized by maternal
estrogens and, in the case of females, also by estrogens produced by the
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developing ovaries. However, circulating estrogens are generally blocked
from reaching the brain, though the mechanisms of this blocking are dif-
ferent in different species (Hines 2004). DES, a synthetic estrogen, has
slightly different properties and is able to enter the brain, similar to the ef-
fect of estrogen that is produced in the brain by the conversion of testos-
terone.

These findings about estrogen effects on the brain emerged around the
same time that prenatal DES exposure was recognized as a risk for rare
cancers and some other serious health problems. Special DES registries
and screening clinics were set up around the country to help track the ef-
fects of DES exposure and improve the chances of detecting cancer and
other problems at early, treatable stages. Thus, DES-exposed men and
women became a very attractive study population for understanding the
effects of prenatal hormone exposures: millions of people were exposed in
utero, and the registries made it possible to locate subjects and even, in
many cases, to determine specific information about dosage and duration
of hormone exposures. Crucially, for all the problems that DES did cause,
it did not cause ambiguous or obviously atypical genitalia.

The first study to examine the offspring of DES-treated pregnancies ap-
peared in 1973, a few years before studies in small animals suggested that
early estrogens, like androgens, would increase male-typical and decrease
female-typical behaviors. The investigators, Irvin Yalom and his collabora-
tors Richard Green and Norman Fisk, expected that DES—an estrogen—
would feminize the male offspring of treated pregnancies. Though the re-
searchers acknowledged a variety of imperfections in their study design
(such as inadequate control groups and the inability to conduct observa-
tions blindly as to whether the subject was in the experimental or con-
trol group), and dozens of comparisons yielded only a few significant
differences between groups, this study is generally taken as evidence that
DES feminized the boys who were exposed (Yalom, Green, and Fisk
1973).16 In direct contrast to this finding, shortly after animal studies sug-
gested that DES would masculinize male behavior, a study comparing vari-
ous hormone-exposed and unexposed groups suggested that prenatal DES
masculinized male offspring (Kester et al. 1980).

Like this latter study, most DES research has proceeded from the as-
sumption that DES would shift behavior away from the usual female pat-
tern in such sex-related characteristics as sexual behavior and activity, sex-
ual orientation, and cognitive abilities. But, complicating the elegantly
simple idea that “masculinizing hormones”—be they androgens or
estrogens—masculinize the body and behavior in both males and females,
some investigators build upon research showing that early estrogen expo-
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sures inhibit male differentiation (for example, Whalen and Edwards
1967; Kaplan 1959; Beral and Colwell 1981). As a result, there is a great
deal of internal contradiction in the subset of brain organization studies
that examine the effect of early estrogen exposures on human sexuality,
personality, and cognition. Some studies predict masculinization in both
males and females with early estrogen exposures, and others predict
masculinization of females but feminization of males. Interestingly, the
findings reported in any given study seem to fairly neatly track the pre-
ferred hypothesis of the researchers, insofar as there are any apparent dif-
ferences between hormone-exposed and unexposed groups. This theoreti-
cal disagreement would, no doubt, have withered away if decisive evidence
emerged to support one theory or the other. In fact, however, there are no
behavioral domains that consistently have been shown to be affected by
early DES exposures in either sex.

As with the studies on intersex syndromes, most of the studies in the lit-
erature seem to suggest that DES does have some effects on psychosexual
characteristics, but the various studies conflict regarding both the direction
of effects and which specific traits are affected. The findings on cognitive
traits such as verbal ability, spatial relations, or general intelligence have
been almost entirely negative; most scientists now agree that DES has no
effect on these (Hines and Sandberg 1996). On sex-typed interests, such as
parenting or childhood play preferences, the findings are contradictory,
including a slightly more masculine pattern in DES-exposed women (Ehr-
hardt et al. 1989), no effects (Lish et al. 1991, 1992), and a more feminine
pattern in DES-exposed women (Bekker, Vanheck, and Vingerhoets 1996).
On sexual orientation, the findings are just as mixed. For example, studies
from the team of Ehrhardt and Meyer-Bahlburg found that, compared
with controls, women prenatally exposed to DES reported more bisexual-
ity or homosexuality (Ehrhardt et al. 1985; Meyer-Bahlburg et al. 1995).
In contrast, a much larger cohort study (including nearly 4,000 DES-
exposed women, compared with less than 100 in all of the other studies
combined) found no significant effect on sexual orientation, though DES-
exposed women were, if anything, somewhat less likely to have any same-
sex partners (Titus-Ernstoff et al. 2003).

Another set of measures that scientists use in brain organization re-
search is related to lateralization, because this is also believed to show sex
differences. Measures of lateralization include, for example, left- versus
right-hand preference, listening tasks to determine whether one ear is more
sensitive than the other, and brain-imaging studies to determine whether
one side of the brain is dominant when processing certain language or spa-
tial tasks. In addition to more men being left-handed, it is believed that
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men are more “lateralized,” meaning that men are likely to rely on one
side or the other for certain tasks, while women use both sides more or less
equally for a given task. Recent meta-analyses suggest that men are indeed
more likely to be left-handed, but have not found the hypothesized sex dif-
ference in lateralization for language-related tasks (Sommer et al. 2008),
and find only equivocal evidence that men are more lateralized for spatial
tasks (Vogel, Bowers, and Vogel 2003). Nonetheless, greater male later-
alization is assumed in all brain organization studies that examine aspects
of lateralization. Several teams have examined whether DES influences
laterality, and again the results have been quite mixed. The only study to
report on handedness in DES-exposed men did find a slight increase in left-
handedness (Titus-Ernstoff et al. 2003), but this same study—the largest
by far in the DES-exposure literature—found no effect on handedness in
women. In contrast, the only study that reported other measures of later-
alization in DES-exposed males found them to have a “feminized” pattern
(Reinisch and Karow 1977). And while the largest study found DES to
have no effect on handedness in women, several smaller studies found pre-
natal DES to be associated with a slight left-shift (an increase in the mascu-
line pattern) (Schachter 1994; Smith and Hines 2000; Scheirs and Vinger-
hoets 1995).

In sum, though studies of DES are often said to demonstrate organizing
effects of hormones in humans, these studies do not, as a whole, suggest
any cohesive picture either theoretically or empirically. Neither the exis-
tence of effects for any specific domain, nor the direction of effects that
should be expected, has been well demonstrated.

Before leaving the issue of evidence for the organizing effects of estrogen
on the human brain, it is instructive to return to the syndrome of complete
androgen insensitivity (CAIS). Recall that genetically male CAIS patients
are insensitive to androgens, so they develop female-typical genitalia. They
also tend to have highly feminine secondary sex characteristics (such as
full breasts), because the testosterone they produce is converted to estro-
gen (via aromatization), which stimulates feminine development at pu-
berty. But because people with CAIS produce normal levels of testoster-
one, which they are capable of converting to estrogen, and because their
estrogen receptors obviously function, it is important to consider these
cases when evaluating the idea that estrogen masculinizes or defeminizes
the human brain. In spite of higher than typical estrogen levels during
brain development as well as throughout childhood, women with CAIS
have been consistently characterized as feminine in terms of gender iden-
tity and role, sexual orientation, personality, and cognitive profile. Cohen-
Bendahan and colleagues note that the evidence from CAIS indicates that

Brain Storm p 82



there is a “negligible behavioral role for aromatized estrogens” in human
development (Cohen-Bendahan, van de Beek, and Berenbaum 2005, 360).

Hormones in Nonclinical (“Normal”) Samples

Moving on from DES, the last variation on the basic cohort design consists
of research on nonclinical populations.17 Rather than comparing people
with unusual hormone exposures to “normal” controls, these studies try
to determine whether variations in prenatal hormones that are within the
normal range can be correlated with normal variations in sex-typed traits.
In other words, given that not all genetic males have identical prenatal an-
drogen levels, an interesting question might be whether those males whose
prenatal androgens are low-normal are more or less masculine than males
with mid-range or high-normal androgens.

These studies seem, at first blush, to be the most direct possible test of
the prenatal hormone hypothesis, short of an actual randomized experi-
ment. Yet there are several difficulties with this design. First, it isn’t possi-
ble to take hormone measures directly from a fetus, so several different
proxy indicators of hormone exposures have been used, including hor-
mones in maternal blood, amniotic fluid, or cord blood (which, depending
on the sampling technique, may represent the mother’s rather than the fe-
tus’s blood). Another proxy indicator is the presence of a same-sex versus a
cross-sex co-twin, because animal studies have indicated that both physi-
ology and behavior may be altered by the number and proximity of male
versus female littermates. There is disagreement about which of these
might best indicate fetal hormone exposures, or indeed, if any is a good
measure (Cohen-Bendahan, van de Beek, and Berenbaum 2005). Second,
hormones may fluctuate during gestation. Other than the sex of co-twins,
each of these proxy indicators is generally only available for one time-
point, but that time-point may not be relevant for some (or perhaps any)
aspects of sex differentiation.18 Still, these studies definitely avoid the big-
gest problems with studies of intersex syndromes, namely, the unknown
effects of intensive medical and psychiatric management in those syn-
dromes, and the fact that parents, clinicians, and eventually intersex indi-
viduals themselves may expect cross-sex behavior, due to ambiguous geni-
tals or to widespread knowledge about brain organization theory itself.19

To date there have been six different studies of prenatal hormones and
later behavior in nonclinical populations, resulting in over a dozen sepa-
rate published papers. The three earliest papers were from the Stanford
Longitudinal Study and linked gender-related traits to hormones in blood
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samples taken from the umbilical cord at delivery (Jacklin, Maccoby, and
Doering 1983; Marcus et al. 1985; Jacklin, Wilcox, and Maccoby 1988).
Notably, most of the samples in this study were venous blood, which rep-
resents maternal rather than fetal circulation (Maccoby et al. 1979). One
finding concerned “timidity,” measured via infants’ responses to fear-
provoking toys. Jacklin and colleagues (1983) reported that girls were
somewhat more timid than boys in this 6- to 18-month-old group, and
that in boys, lower timidity was associated with higher testosterone in the
cord blood, as well as to higher progesterone and lower estradiol. There
were no relationships between any of the hormone measures and timidity
in girls. A later report on the same sample, this time on moods, again iden-
tified a trait that differed between the sexes (boys were more often rated by
mothers as “happy/excited,” while girls were more often rated “quiet/
calm”), and found that this, too, was linked to hormones in boys but not
in girls (Marcus et al. 1985). There are no similar findings for timidity or
moods in the literature, perhaps because these aspects of temperament
have not been shown to actually differ by sex. But the third paper from
this group is more easily related to findings from other studies, as it con-
cerns spatial relations. Contrary to the prediction of brain organization
theory, investigators found that girls whose (venous/maternal) cord blood
had higher levels of the androgens testosterone and androstenedione were,
at 6 years old, likely to score lower on a test of spatial ability, compared
with girls whose cord blood had lower levels of these “masculinizing” hor-
mones (Jacklin, Wilcox, and Maccoby 1988).

Seven other papers come from two different longitudinal cohort studies
of the long-term effects of amniocentesis, one in Toronto and one in the
Cambridge, UK, region. Interestingly, as with the Stanford Longitudinal
Study, the first of the Toronto papers reported that at 4 years, girls with
higher levels of testosterone in amniotic fluid had lower scores on several
cognitive tasks, including block building, a test of spatial relations that
typically favors males (Finegan, Niccols, and Sitarenios 1992). Again, this
is contrary to the prediction of brain organization theory. They found no
significant correlation between any cognitive tasks and amniotic testoster-
one levels in boys. In the same group at 7 years, and again only among
girls, amniotic testosterone correlated positively with some aspects of spa-
tial relations (Grimshaw, Sitarenios, and Finegan 1995), a finding that is at
odds with the first result.

It’s worth elaborating some of the implications of these studies for brain
organization theory. First, male superiority in spatial relations, specifically
mental rotations, is one of the supposed hallmarks of sex differences in
cognition (Voyer, Voyer, and Bryden 1995). From a young age, males tend

Brain Storm p 84



to use mental rotation to solve certain spatial problems, while girls tend to
use other strategies. (These are group tendencies, not absolute differences
between the sexes. The individual spatial strategies, as well as test perfor-
mance, of individual boys and individual girls overlap quite a lot.) As ex-
pected, more boys than girls in this study used mental rotation strategies,
but when the investigators controlled for sex, children with higher am-
niotic testosterone were no more likely to use mental rotation (Grimshaw,
Sitarenios, and Finegan 1995). Second, they found that among those chil-
dren who did use mental rotation strategies to solve the problems, girls
with higher amniotic testosterone solved the problems faster (as pre-
dicted), but there was a trend for boys with higher amniotic testosterone to
solve the problems slower (contrary to prediction).20 Because they found
contradictory results for this one aspect of spatial relations among boys
and girls, the authors of these studies suggest that prenatal testosterone
may work differently to influence cognition in males and females. But keep
in mind that this requires selectively focusing on just one subset of children
(the roughly one-half who use the mental rotation strategy) and one aspect
of spatial relations; it does not resolve the discrepancy between the first
and the second study on these children.21

The second set of amniocentesis studies is directed by Simon Baron-
Cohen, a psychologist who is known for his work on autism. In 2002
Baron-Cohen and his students Rebecca Knickmeyer and Svetlana
Lutchmaya began reporting various analyses of testosterone in amniotic
fluid and childhood behavior (summarized in Baron-Cohen, Lutchmaya,
and Knickmeyer 2004). Baron-Cohen’s popular book The Essential Dif-
ference incorporates this research on fetal testosterone into his theory that
“the female brain is predominantly hard-wired for empathy. The male
brain is predominantly hard-wired for understanding and building sys-
tems” (Baron-Cohen 2003a, 1). Like nearly all scientists who do work on
“innate” sex differences, Baron-Cohen traces this “essential difference” to
fetal testosterone exposures. To date, his team has reported that amniotic
testosterone is negatively correlated with the “female-typical” traits of eye
contact and vocabulary size in infants (Lutchmaya, Baron-Cohen, and
Raggatt 2002a, 2001), sex-typed interests and quality of social relationships
(Knickmeyer, Baron-Cohen, et al. 2005), and measures designed to reflect
components of empathy (Knickmeyer, Baron-Cohen, Raggatt, et al. 2006).
They did not find correlations between testosterone in amniotic fluid and
sex-typed play (Knickmeyer, Wheelwright, et al. 2005). It is worth noting
that this team’s results disagree with the study by Finegan and colleagues,
both because Baron-Cohen’s team finds that lower amniotic testosterone
predicts female-typical cognition in very young children, and also because
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they do not find, as both studies by the Toronto team did, that testosterone
affects boys and girls in an opposite manner. (While the small sample size
in Baron-Cohen’s various analyses, especially for girls, might preclude
finding statistically significant correlations with testosterone, the direction
of effects, as well as general effect sizes, should still be apparent, and these
show no suggestion of a pattern similar to that in Finegan’s study.)

Two studies use blood samples from pregnant women. From these sam-
ples, the levels of both androgens and sex-hormone-binding globulin
(SHBG) are determined, the latter because it is thought to be an important
indicator of how much “unbound” testosterone is available to pass from
maternal blood into the fetal sac and influence development (Udry, Morris,
and Kovenock 1995; Hines, Golombok, et al. 2002). Udry’s group re-
cruited women whose mothers had participated in a large Child Health
and Development Study conducted in the San Francisco Bay Area from the
1960s. The investigators predicted that androgens in pregnant women’s
blood (available from samples collected during pregnancy and frozen), in
combination and interaction with androgen levels in their adult daughters,
would relate to the daughters’ gender-related behavior (measured by a
questionnaire the daughters completed). They did not find the predicted
relationship with testosterone in maternal blood. But they did find the pre-
dicted relationship when they examined the SHBG level, and they reason
that this is a better measure of fetal exposure than is the level of testoster-
one in the mothers’ blood (again, because SHBG would indicate not just
how much testosterone was present in a mother, but how “free” the testos-
terone was to pass into the fetal unit).22

In an interesting contrast, Melissa Hines’s group recently found that tes-
tosterone from a maternal blood sample, but not SHBG, was correlated
with a standardized measure of children’s sex-typical games, toys, and ac-
tivities, and that this effect was apparent in girls but not in boys (Hines,
Golombok, et al. 2002). The effect was statistically significant but quite
small, accounting for just 2 percent of the variance in girls’ scores on this
measure. Notably, neither testosterone nor SHBG in a woman’s blood was
related to the sex of the fetus she was carrying. For these two reasons,
Hines’s group (like the Toronto team, but in contrast to Baron-Cohen’s
team and to Udry’s team) argues specifically that testosterone may be re-
lated to within-sex differences in gender role behavior, but not to between-
sex differences.23

The final strategy for looking at how prenatal hormones affect behavior
in nonclinical populations is the study of children with same- versus other-
sex twins. These studies explore “hormone transfer theory,” which sug-
gests that androgens from a male fetus may masculinize the behavior of a
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female co-twin. Resnick, Gottesman, and McGue (1993) found that girls
with a male co-twin reported more “sensation-seeking,” a trait on which
males typically score higher, though they note that the psychosocial ef-
fect of having a male versus a female twin cannot be excluded as the
explanation for this difference. Cohen-Bendahan and colleagues (Cohen-
Bendahan et al. 2004; Cohen-Bendahan, Buitelaar, et al. 2005) found that
girls with a boy co-twin had a more “male typical” pattern of cerebral
lateralization (in this case meaning that they were more likely to pro-
cess auditory stimuli in only one side of the brain, rather than both) and
showed a more masculine pattern of “aggression proneness.” But three
other studies found no difference between girls who have a male co-twin
and those with a female co-twin in either femininity (Rose et al. 2002)
or sex-typed toy preferences (Henderson and Berenbaum 1997; Rodgers,
Fagot, and Winebarger 1998), which is a variable that should differ if
these studies are to be consistent with findings in CAH (for instance,
Berenbaum, Duck, and Bryk 2000). To decide how to weigh these posi-
tive versus negative findings, it helps to consider how psychologist Celina
Cohen-Bendahan evaluates them. While Dr. Cohen-Bendahan’s own twin
study did seem to support hormone transfer theory, she has abandoned
this research approach because of what she perceives as overwhelming,
though largely unpublished, negative results for such studies. In the course
of her own research, she was told by many different twin researchers that
they had examined their twin data for evidence of hormone transfer from
a male to a female fetus and, having found no such evidence, never pub-
lished the results (Cohen-Bendahan interview, October 2007).

The studies of prenatal hormones and sex-typed behavior in nonclinical
populations show a great deal of disagreement across different study pop-
ulations, and in particular across investigative teams, in terms of which be-
haviors seem linked to prenatal hormones, the particular hormones in-
volved, the direction of relationships, and whether the relationships apply
to boys versus girls versus both. At this point, it would be difficult to claim
that there is cohesive evidence for any aspect of sex-typed behavior from
such studies.

Summary of Cohort Studies

Thus concludes the roundup of cohort research on brain organization,
which includes all the studies in which some indication of prenatal hor-
mone exposures is available. Interestingly, although the vast majority of
the studies do find some correlation between prenatal hormone exposures
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and later sex-typed behavior, many of the domains (let alone more finely
grained differences within domains) do not show any consistent pattern of
effects.24

Deeper symmetry analysis will have to wait until the later chapters, but
there is one particular kind of methodological problem with these studies
that is important enough to mention now. For two reasons, cohort studies
bearing on human brain organization are particularly prone to a kind of
statistical problem known as a Type II error, meaning that the hypothesis
appears to be true, but is not. That means that the chances of finding an as-
sociation between prenatal hormones and later sex-typed traits is inflated.
Nearly all such studies look at many aspects of “sex-typed” behavior, in-
stead of just a few, and compare the exposed versus unexposed groups on
each of these traits. This creates a multiple comparisons problem. (To illus-
trate the problem, imagine a simple game that uses one die. If you need to
roll a 5 in order to win the game, you have a 1/6 chance to win with every
roll. But if you get to roll the die three times instead of once, you have a
nearly 50 percent chance of getting at least one 5.25 Predicting ahead of
time that you will roll a 5 under these circumstances does not make you
psychic or even unusually lucky—it is just a matter of making the game
very easy.) Multiple comparisons are especially troubling in these studies
because so many of the sex-typed traits being examined are themselves in-
terrelated, instead of being independent (Glantz 2002). It makes sense to
cast a skeptical eye on “scattered” findings that hormones affect various
traits in such studies. Unless there is a very clear pattern of effects on cer-
tain well-defined domains, the odds are good that the “statistically sig-
nificant” results we see are actually due to chance. It’s also a good idea to
look for domains where there are similar effects demonstrated by different
study teams, and based on different study populations (that is, not re-
stricted to a single syndrome, such as CAH).

A brief note on the size of samples in the cohort studies is also in order,
because it relates to the multiple comparisons problem. There are statisti-
cal methods to correct for multiple comparisons (though this, too, has a
limit—at a certain point, conducting too many comparisons is considered
“fishing” for associations—if you keep at it long enough, something is
bound to turn up). In brain organization research, scientists rarely do these
corrections for multiple comparisons; they justify this omission on the
grounds that the sample sizes are too small for significant effects to show
up with the usual more-stringent guidelines (interviews with Drs. N and
S). But brain organization researchers should take a leaf from the epidemi-
ologists’ book here, because there are better and less biased methods of
dealing with small sample sizes, such as increasing the size of the compari-
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son group. Moreover, it would be far better to conduct analyses on a lim-
ited, well-defined set of variables, and examine indicators (such as effect
sizes) that may suggest real effects, even if the difference between exposed
and unexposed groups is not statistically significant. Consistently demon-
strating effects under these circumstances would be much more convincing
than showing a scattering of “statistically significant” correlations across
very broad domains, when the number of variables examined has run into
the dozens or more in many studies.

Considering the findings above, which aspects of sexuality, personality,
or cognition are affected by prenatal hormones? For traits affected by an-
drogens, are high levels or low levels masculinizing? Is the answer different
for males versus females? What is the role of estrogens? Certainly, the
studies reviewed so far defy the simple interpretation that “masculine”
hormone exposures in utero lead to “masculine” cognition, sexuality, and
personality. There does seem to be one fairly clear answer from the studies
so far: we can rule out prenatal estrogen as having a major impact on hu-
man psychosexuality. We see this by combining the very weak evidence of
effects from the DES studies with the consistent results seen in XY individ-
uals who have complete androgen insensitivity (CAIS) but are reared fe-
male. As noted earlier, if prenatal estrogen has an appreciable influence on
masculine psychosexual differentiation in humans, then XY women with
CAIS should be in some sense more masculine than other women. These
individuals are instead, if anything, more feminine than is typical, but sta-
tistical analyses generally show no psychosexual or cognitive difference
between them and normal, genetic females.

In regard to the more complex issue of androgens, some patterns of con-
sistent findings emerge within subsets of cohort studies, but there are
major discontinuities across different populations and designs. Studies of
intersex conditions, especially CAH, indicate differences between hormone-
exposed and unexposed individuals in childhood play behaviors, sex-typed
interests (usually folded into “gender role”), and aspects of sexuality, in-
cluding but going beyond sexual orientation. Despite early suggestions that
the differences in play may be due to increased energy expenditure, prefer-
ence for rough-and-tumble play, or aggression among girls with CAH, these
hypotheses have generally been ruled out by later studies using better mea-
sures of these domains (see Chapter 8). Sex-typed cognitive abilities, how-
ever, may indeed be affected in these conditions, especially CAH, but not in
the ways predicted by brain organization theory. Instead, it seems likely that
there are very subtle but somewhat general effects, with CAH-affected indi-
viduals (male and female) being somewhat more likely to have slight cogni-
tive defects and learning disabilities. Two small studies have suggested that

Thirteen Ways of Looking at Brain Organization p 89



left-handedness may be increased in individuals with CAH, but most studies
(including all of the larger studies) have found no effect on handedness or
other aspects of cognitive lateralization. Core gender identity is usually not
affected by CAH. There are higher rates of both gender dissatisfaction
and/or ambivalence, as well as transgender/transsexuality in genetic fe-
males with CAH, compared with the general population, but most women
with CAH have typical gender identity.

Cases where genetic males have been reared as females, on the other
hand, show that many such individuals seem to reassign themselves as
male. Even among the roughly 40 percent who retain the female gender of
rearing, it seems that such individuals are more likely to be sexually at-
tracted to women. This could be an effect of prenatal hormones, but that is
not the only possible interpretation, as I discuss in Chapter 9. No studies
to date have reported any cognitive findings for this group.

Studies in nonclinical populations so far show no appreciable shifts in
childhood play behaviors, core gender identity, or sexuality. There have
been preliminary suggestions that sex-typed cognitive skills may correlate
with prenatal hormone levels, but findings from different study groups
have so far reported only contradictory results in this domain (for exam-
ple, testosterone relates negatively to female-dominant cognitive abilities
in the report by Lutchmaya and colleagues [2001], but positively to similar
abilities in the report by Finegan and colleagues [1992], even though both
studies were based on analysis of amniotic fluid). The one domain where
there is some convergence for studies of nonclinical populations done by
different teams is that of sex-typed interests.26

In sum, if childhood play behaviors are understood to be another re-
flection of sex-typed interests, then this leaves three general areas of sex-
typed trait where there is some consistent pattern of findings in at least
two of the three subsets of cohort studies. These include (in order of the
strength of findings): sexuality, sex-typed interests, and gender identity.
From the cohort studies, these are the best possible candidates for showing
organizing effects from prenatal hormones. In later chapters, I will use the
symmetry principles outlined in Chapter 3 to more closely analyze the
evidence that prenatal hormones affect human development in these do-
mains. But first let us finish the broad survey of the other set of brain orga-
nization studies. The next chapter examines the evidence for the case-
control studies, those that begin with presumably distinct psychosexual
“types,” and work backward to make inferences about early hormone ex-
posures.
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c h a p t e r f i v e

Working Backward from
“Distinct” Groups

A s with cohort studies, there are many different kinds of case-
control designs in brain organization research. All of the case-control

studies look for some evidence that unusual early hormone exposures lead
to what brain organization scientists consider “cross-sex” sexual orienta-
tion or gender (for example, being a woman who is attracted to other
women, or having male sex chromosomes and genitals but a female gender
identity). Beyond that common factor, the study designs are even more
varied than for the cohort studies, including investigations of prenatal
stress, neuroendocrine function, neuroanatomy (brain structure), sex-typed
cognition and personality traits, handedness and other aspects of later-
alization, and even aspects of physical morphology like waist–hip ratios or
genital size. The traits on which sexual minority and majority (heterosex-
ual, nontransgendered) people are compared are chosen because each of
these traits is also linked, either empirically or hypothetically, with prena-
tal hormone exposures. Often the empirical evidence for a hormonal influ-
ence on a trait that is studied comes from other brain organization studies,
and may include findings that aren’t borne out by the research as a whole.
For example, increased rates of left-handedness among women with CAH
as well as women exposed prenatally to DES are often cited as one of the
justifications for looking at the relationship between handedness and sex-
ual orientation (Green and Young 2001; McCormick and Witelson 1991;
Mustanski, Bailey, and Kaspar 2002), even though there is only weak evi-



dence in this regard for the former condition, and a preponderance of evi-
dence against such a relationship for the latter.

Neuroendocrine Function:
The “Estrogen Challenge”

The case-control approach was added to the repertoire of brain organiza-
tion research designs in 1975 by Gunter Dörner, an experimental neuro-
endocrinologist working in East Berlin. Dörner traces his scientific pedi-
gree directly to the father of experimental endocrinology, Eugen Steinach
(Dörner et al. 1991, 142). As you may recall from Chapter 2, Steinach’s
work with guinea pigs paved the way for the experiments that launched
brain organization theory. Moreover, Steinach’s “therapeutic” transplants
of testes from heterosexual to homosexual men—though ultimately fail-
ures—set an important precedent for later scientists who would seek to ap-
ply insights from experimental endocrinology to the human condition. Bi-
ologist and historian Marianne van den Wijngaard (1997) has persuasively
argued that a great preoccupation with homosexuality was the underlying
rationale for pursuing brain organization studies in general; certainly there
had been discussion of homosexuality or its absence in all of the studies of
intersex syndromes or hormone-exposed progeny. Before Dörner, though,
brain organization research had placed homosexuality within a larger frame-
work of masculine or feminine sexuality. Dörner’s work brought the con-
cern with homosexuality to the foreground.

Given his training, it seems almost inevitable that Dörner would be a
major contributor to brain organization research and that his contribu-
tions would focus squarely on homosexuality. Like his intellectual “grand-
father” Steinach, Dörner’s assumptions included the idea that homosexual
men are physically and psychologically “intermediate” between heterosex-
ual men and women. Dörner’s first brain organization study built upon ex-
periments in rodents that showed how early hormone exposures shape the
cyclic pattern of hormone release that underlies fertility in female mam-
mals. One particular element of this cyclicity is called the “LH surge”—a
feedback mechanism involving estrogen and luteinizing hormone (LH). In
rodents, one of the most dramatic effects of sex differences in early hor-
mone exposures is the fact that after brain organization, females and males
have a different biochemical response to estrogen. In a “feminized” ani-
mal—one who had very low androgen levels during brain development—
increasing estrogen levels (whether from natural production by the ovaries
or from an injection of estrogen) causes a sharp increase in the production
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of LH. In females, this LH surge is followed by ovulation. (Of course, in
males whose hormones are manipulated to produce the LH surge, there
are no ovaries to produce and release eggs.) Thus, Dörner reasoned that an
animal who responds to increasing estrogen levels by producing a surge in
luteinizing hormone has a “female-differentiated brain.”

Building on the long-standing notion that homosexual men are psy-
chologically “feminine,” and that this is somehow related to hormones,
Dörner hypothesized that homosexual men would show the characteristic
LH surge. In his “A Neuroendocrine Predisposition for Homosexuality in
Men,” Dörner claimed that homosexual men displayed the LH surge in re-
sponse to estrogen injections, and concluded that “homosexual men pos-
sess a predominantly female-differentiated brain” (Dörner et al. 1975, 1).1

This article was the first in a stream of investigations into a possible rela-
tionship between biochemical responses to hormone injections (the LH
surge response or the positive estrogen feedback effect) and male and
female homosexuality and transsexuality. These studies are variously re-
ferred to as testing “neuroendocrine function,” “LH surge,” “gonadostat,”
or “response to estrogen challenge.” Unlike the “Pepsi Challenge” com-
mercials that were made around the same time as these studies, featuring
blinded taste tests between Coke and Pepsi, there were no clear winners in
the “Estrogen Challenge” tests. They turned out to not differentiate very
well between homosexual and heterosexual men, or conventionally gen-
dered versus transsexual people. Between 1975 and 1989, seventeen stud-
ies attempted to establish a link between sexual orientation or gender iden-
tity and hormone exposure by some variation on this basic study design.
In sharp contrast to studies of clinical intersex syndrome and hormone-
exposed pregnancies, many of these studies were pursued by skeptics, and
there are more outright negative results in this group than in any other
subtype of brain organization research. This is probably also due to the
fact that these researchers examined only a few outcomes (at most, three
or four measures of hormone response), whereas in the cohorts of
hormone-exposed and unexposed people, investigators often examined
dozens or even scores of measures of behavior or temperament. (As I ex-
plained in Chapter 4, the more variables a scientist looks at in a study, the
more likely it is that she or he will find some differences between groups
just by chance.)

Though LH surge (also sometimes called “positive estrogen feedback”)
studies are still sometimes cited as evidence for brain organization, this
line of inquiry was abandoned by 1990. A fact that played a large, possibly
decisive role in dropping this design was the issue that created much of the
skepticism about it in the first place, namely, that rodents are not always
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a good model for human sexual differentiation. As Hendricks and col-
leagues summed up the problem, “In primates, contrary to rodents, the ca-
pacity of the neuroendocrine system to respond with a positive feedback
response to injected estrogen may not be a sexually dimorphic character-
istic” (Hendricks, Graber, and Rodriguez-Sierra 1989; see also Gooren
1990). Studies showed that “normal” males could exhibit the positive
feedback response in adulthood if primed with enough estrogen. Thus, the
LH surge design is probably useless for testing brain organization theory
in humans.

Prenatal Stress

Dörner’s second innovation in brain organization research, studies of pre-
natal stress and sexuality, has had more staying power. This design, too,
built directly on studies of mating behavior in prenatally stressed rats. In
the early 1970s at Villanova University, Ingeborg Ward conducted a series
of experiments on pregnant rats that she subjected to extreme stress, by
such conditions as intense and continuous exposure to bright light. She
found that prenatal stress produced male offspring with “low levels of
male copulatory behavior and high rates of female lordotic responding”
(Ward 1972, 82). Dörner rephrased these findings in a manner that made
them directly relevant to the question of human homosexuality: “bi- or
even homosexual behavioral patterns were observed in adult male rats
which had been exposed to prenatal stress” (Dörner, Schenk, et al. 1983,
83).2

In 1980 and again in 1983, Dörner and colleagues reported that homo-
sexual and bisexual men were very likely to be the offspring of “stressed
pregnancies” (Dörner et al. 1980; Dörner, Schenk, et al. 1983). The first
study was an attempt to compare the relative birth frequency for homo-
sexual men in the German Democratic Republic (GDR) in times of ex-
treme and widespread stress (during and immediately following World
War II) compared with the years before and after the war. His method re-
lied on the fact that venereal disease clinicians in the GDR were required
to register homosexual patients. Using these registries and broader birth
data for the GDR, he computed that there was a higher frequency of “ho-
mosexual births” during the highest-stress years, relative to the total num-
ber of males born in each period.

The study was and continues to be highly cited, as well as scathingly
criticized. It prompted one of the few direct replications in the literature on
brain organization: “Does Peace Prevent Homosexuality?” in which Gun-

Brain Storm p 94



ter Schmidt and Ullrich Clement (1990) examined various large-scale sur-
veys of homosexual and heterosexual behaviors in the GDR, along with
data on birthrates. They concluded that gay men can “go on loving peace
and getting involved in the peace movement” because there was not even
“the slightest evidence that wartime stress during the prenatal period in-
creases the incidence of homosexual behavior” (Schmidt and Clement 1990,
186). Further, they suggested that a number of biases in Dörner’s initial de-
sign (all related to the lack of a random sample from the venereal clinic
registries) may explain his findings.

Nonetheless, Dörner’s initial study struck a chord, and a number of
other approaches to investigating prenatal stress and homosexuality fol-
lowed in short order. Dörner’s group published a second study in which
heterosexual, homosexual, and bisexual men were queried about “stress-
ful events that may have occurred during their prenatal life.” The men
were also asked to consult their mothers. (It’s critical to note that the
mothers weren’t asked directly, though almost all reviews and subsequent
citations miss this point. Asking sons to report for their mothers by proxy
is a highly unreliable method, and would not be accepted as scientifically
adequate in most research fields.)

Again, the results were striking: very few heterosexual men reported
even moderately stressful events during prenatal life, and none of them re-
ported any major stressful events; over one-third of the bisexual men re-
ported either moderate or severe stressful events, and over two-thirds of
the homosexual men reported moderate or severe stressful events in their
prenatal lives (Dörner, Schenk, et al. 1983). None of the subsequent stud-
ies using Dörner’s basic hypothesis of prenatal stress have approached the
almost perfectly linear relationship that he found between increasing levels
of prenatal stress and increasing levels of same-sex orientation. In fact, the
findings of subsequent studies have ranged from mildly supportive (Ellis et
al. 1988) to completely negative (Schmidt and Clement 1990; Bailey, Wil-
lerman, and Parks 1991). The largest such study (Bailey, Willerman, and
Parks 1991), in fact, not only failed to find a relationship between male
homosexuality and prenatal stress, but found slightly higher prenatal stress
among the mothers of lesbians compared with mothers of heterosexual
women. Given these investigators’ expectation that prenatal stress would
lower male-typical hormone exposures, and their further understanding of
lesbians as having male-typical sexual orientation, this finding puzzled
Bailey and colleagues, who noted that “the primary obstacle to taking this
finding at face value is the absence of an etiological theory. The maternal
stress hypothesis for human male homosexuality seems reasonable be-
cause stress hormones impede the production of hormones necessary for
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male sexual differentiation. No such scenario exists for human female ho-
mosexuality” (290).

Other investigators have suggested a way to reconcile a link between
maternal stress and lesbianism. Melissa Hines and colleagues, for exam-
ple, have noted that although prenatal stress does not alter the sexual be-
havior of female rats, it does seem to have some effect on “female-typical”
behavior in other rodents, including mice and guinea pigs. In a twist on the
“cohort” research that uses measures of prenatal hormones among general
population samples to explore whether normal variation in hormones re-
lates to normal variation in sex-typed behavior, Hines tested the prenatal
stress theory in a prospective cohort study that enrolled nearly 14,000
pregnant women in the United Kingdom during 1991 and 1992 (Hines,
Johnston, et al. 2002). A unique strength of Hines’s study is the fact that
stress was reported during pregnancy, rather than years (sometimes de-
cades) after the fact. In addition to the obvious fact that this eliminates
faulty memory, this is important because it eliminates the chance that
mothers of gay men and lesbians might recall more stress simply because,
as Simon LeVay noted in a critique of the Ellis study, they were “racking
their brains to figure out what ‘went wrong’” (LeVay 1996, 169).3 Hines
and colleagues did find a very small but significant correlation between
prenatal stress and gender role behavior in very young girls (42 months),
but found no relationship at all between stress and the gender role behav-
ior of boys. The apparent effect of stress was extremely slight, however,
explaining less of the variance in gender than at least nine other factors
they measured, leading this team to conclude that “prenatal stress does not
influence the development of gender role behavior in boys, and appears to
have relatively little, if any, effect on gender role behavior in girls” (Hines,
Johnston, et al. 2002, 135).4

Returning to the case-control research on sexual orientation, there
was one other relevant study of prenatal stress. In 2001, Ellis and Cole-
Harding published a second examination of prenatal stress and sexual ori-
entation, this time using a complicated scenario involving not only prena-
tal stress but maternal use of alcohol and/or nicotine during pregnancy.
Ellis again found some relationship between prenatal stress and male ho-
mosexuality, but with an important difference: instead of stress during the
second trimester, which is what most scientists would speculate is the im-
portant period and is the timing he found to be important in his earlier
study, this time he tagged the first trimester as critical.5 In a particularly
complicated sequence of events, the study also suggested that nicotine in
the first semester, followed by stress in the second trimester, was related to
lesbian orientation in female offspring. A bit more information on data
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from experiments in other animals, regarding the specific relationship be-
tween stress and testosterone levels, adds to the incoherence one might al-
ready perceive in these findings. In rats, Ward and others have found that
intense and prolonged stress leads to an initial surge of testosterone, fol-
lowed by a sharp drop; levels tend to remain low for a long period after-
ward. Given this two-part scenario, it might be plausible to find associa-
tions between different gestational periods for lesbians and gay men. If the
prenatal stress scenario is to explain sexual orientation, then lesbians should
indeed have had earlier prenatal stress than gay men. But the model is sup-
posed to apply to both genetic males and females; there is no theoretical
rationale for achieving this result by introducing some variables (nicotine
and alcohol) for females only. Ellis and Cole-Harding (and the extraordi-
nary number of other scientists who have cited them) blithely ignore all
these pesky details that show their findings don’t actually fit the theory.
(The fact that investigators continue to find some positive associations be-
tween prenatal stress and sexual orientation likely speaks more to the cri-
tique raised by Simon LeVay and others: that same-sex orientation is still suf-
ficiently stigmatized that the mothers of gay men and lesbians are more likely
than other mothers to recall negative events during those pregnancies.)

In sum, research has yielded little support for the idea that prenatal
stress affects later gender-related behavior, including sexual orientation.
Several important scientists who are generally supportive of the brain or-
ganization hypothesis (such as Simon LeVay and Melissa Hines) have ex-
pressed skepticism about the notion that prenatal stress plays a meaningful
role in sexual orientation. Currently some scientists are so disenchanted
with the prenatal stress hypothesis that they do not even mention this line
of research when they review biological research on the development of
gender, sexual orientation, or sex-typed cognition (for example, Beren-
baum 1998; Cohen-Bendahan, van de Beek, and Berenbaum 2005; Rah-
man 2005). The stress studies are still actively cited, though, both to sup-
port the general claim that maternal stress in humans alters behavioral and
cognitive development (Bowman et al. 2004) and the specific claim that
maternal stress leads to “increased occurrence of homosexuality” (Swaab
2004, 308).

Neuropsychology Studies

Neuropsychology as a field concerns the relationship between physical and
biochemical properties of the brain, on the one hand, and, on the other,
aspects of human psychological function, including both behaviors and
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other kinds of traits (like lateralized information processing, the pro-
cessing of a certain type of information in one hemisphere rather than both
hemispheres of the brain). Neuropsychologists conducting brain organiza-
tion studies look for ways in which sexual orientation or gender identity
correlates with various other characteristics that they believe are influ-
enced by early hormone exposures. But again, they do not have any direct
information about hormone exposures. Instead, these scientists use physi-
cal or psychological traits that differ, on average, between men and women
as proxy indicators of early hormone exposure. Examples of their proxy
indicators include aggressiveness, competitiveness, verbal abilities, spatial
relations, handedness, hemispheric specialization (the degree to which one
side or the other of the brain is engaged to process certain cognitive tasks),
aspects of auditory function (dichotic listening and otoacoustic emissions),
and motor tasks such as throwing at a target.

Although these traits are often called sex-typed, it’s important to recog-
nize two things about them. First, the sex differences for most are small—
you couldn’t take an aggression score, for example, and predict with very
good accuracy whether that score came from a man or a woman, and
you’d have an even worse time trying to predict someone’s sex by knowing
scores on other cognitive tests, or knowing whether they are right- or left-
handed. For all of these traits that are used as proxies for early hormone
exposure, the male–female differences are not apparent unless you have
very large groups to compare. In fact, as noted in Chapter 3, recent meta-
analyses indicate that men are more likely to be left-handed, but men and
women do not have different lateralization patterns for language-related
tasks, and possibly not for spatial tasks either (Sommer et al. 2008; Vogel,
Bowers, and Vogel 2003). Second, the evidence that early hormone expo-
sures are responsible for the sex differences that do exist in these traits
is still indirect and often inconsistent. This limits the overall symmetry
among studies, as explained in Chapter 3. As noted earlier, the decision to
choose a certain trait for contrasting heterosexuals and homosexuals is of-
ten made on the basis of isolated findings from other brain organization
studies, which don’t always hold up when the studies are viewed as a
group. Thus, the evidence for brain organization that comes from these
neuropsychology studies (as well as the neuroanatomy studies reviewed
next) is a step further removed from brain organization theory than the ev-
idence that comes from hormone-exposed pregnancies.

Studies of hand preference provide a good illustration of the general
shape of findings in neuropsychology research, because they compose the
largest subset and are quite interesting and complex in terms of the hy-
potheses at play. Recall that in brain organization research, the classic pre-
diction for sexual orientation is that higher levels of prenatal testosterone
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will be followed by greater attraction to women (the “male-typical” pat-
tern), regardless of the individual’s genetic sex. But these predictions get
messy in the handedness studies. In these, scientists tend to predict that ho-
mosexuality in either men or women will be associated with higher rates of
left-handedness, which is the masculinized pattern (that is, because men in
general are more likely to be left-handed, this trait is thought to follow rel-
atively high levels of prenatal testosterone during the critical developmen-
tal period when handedness is determined).

While this fits neatly with brain organization research in the case
of women, it includes the somewhat surprising suggestion that gay men
have had “hypermasculine” androgen exposures, at least during one por-
tion of their early development. One very highly cited study, by psycho-
logist James Lindesay (1987), draws on a finding of a “left-shift” in hand-
edness among gay men to suggest that gay men are hypermasculine in
general, and suggests that a link between (male) homosexuality and left-
handedness in humans contradicts animal research that links “gender-
anomalous sexual behavior in males” to reduced androgens in develop-
ment (967). Lindesay looks to an unusual authority—the Old Testament
Book of Judges—to suggest that there is precedent for linking hypermas-
culinity, left-handedness, and same-sex preferences among men: “the Ben-
jamite army at Gibeah contained ‘seven hundred chosen men left-handed;
every one could sling stones at an hair-breadth, and not miss’ (interest-
ingly, the men of Gibeah were punished for the same transgressions as the
Sodomites)” (968).

Most other studies reconcile a link between increased left-handedness (a
“hypermasculine” trait) and sexual orientation to men (a “feminine” trait)
by reference to a model advanced by Norman Geschwind and Albert
Galaburda (Geschwind and Galaburda 1985a, 1985b, 1985c). Appeal to
the Geschwind-Galaburda model is a more conventionally scientific ap-
proach, but it’s not necessarily less controversial, because the theory has
been widely criticized (for example, McManus and Bryden 1991; Beren-
baum and Denburg 1995). Nonetheless, most researchers linking sexual
orientation to handedness, especially in men, rely on this model. In brief,
the Geschwind-Galaburda hypothesis is an extension of the animal re-
search mentioned above suggesting that prenatal stress causes testosterone
to surge briefly and then fall to permanently low levels.6 If handedness de-
velops first, and sexual orientation develops later, then such a two-stage re-
sponse to prenatal stress might plausibly link sexual orientation and left-
handedness in men. Of course, this still leaves the question of why handed-
ness and sexual orientation should follow this pattern in men (especially
given the lack of empirical support for the prenatal stress hypothesis) but
not in women. Perhaps handedness develops differently in men than in
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women? That could be the case, but there are no independent data to sug-
gest that this is so, and it seems to contradict animal data.

Another theoretical possibility may be that both gay men and lesbians
have atypically high androgen exposures early on, but the pattern persists
for lesbians and reverses for gay men. If so, that should result in a pattern
of consistent masculinization across traits in lesbians, but a more mixed
pattern of hypermasculine, feminine, and possibly “average” traits among
gay men. But again, this is not consistent with the findings for other traits
among gay men and lesbians. One prominent researcher believes current
evidence even shows that lesbians might be “more female-like than hetero-
sexual women,” suggesting that scientists and laypeople should “not get
bogged down in thinking of lesbians as sort of like guys. Think of them as
killer women” (Dr. A, interview with author, February 5, 1999). In Chap-
ter 7 I look closely at the various ways brain organization researchers
think about sexual orientation, especially how they think homosexuality
relates to sex differences, and how this matters in interpreting the evidence
that the human brain is “organized” by hormones to be masculine or femi-
nine, as well as gay or straight. For now it is simply important to note that
brain organization researchers have never systematically mapped out ei-
ther the specific traits that should and should not be correlated, or the spe-
cific sequence of events required to produce the pattern of associations
that these studies hypothesize. (I begin to do that mapping in this book, es-
pecially here and in Chapter 7.)7

Even without rigorously tracing the way evidence about handedness and
sexuality should fit together to support the idea that prenatal hormones in-
fluence sexual orientation in men, the evidence to date is less than over-
whelming. There are currently slightly more studies that fail to find in-
creased left-handedness among gay and bisexual men (Rosenstein and
Bigler 1987; Marchant-Haycox, McManus, and Wilson 1991; Satz et al.
1991; Gladue and Bailey 1995b; Bogaert and Blanchard 1996; Cohen
2002; Mustanski, Bailey, and Kaspar 2002) than studies that find such an
association (Lindesay 1987; McCormick and Witelson 1991; Becker et al.
1992; Holtzen 1994; Lippa 2003). One meta-analysis has suggested that
the preponderance of negative results is due to the fact that the difference
in handedness between gay and straight men is extremely small, so that
most studies have not been large enough to find this link (Lalumiere,
Blanchard, and Zucker 2000), but this point is undermined by the fact that
the largest studies tend to find no significant associations, and the fact that
the inability to select truly random samples of gay men and lesbians may
subtly bias these studies.8

Fewer studies have examined sexual orientation and handedness in
women, but at least on the surface, the data are stronger for a link between

Brain Storm p 100



homosexuality and left-handedness or “decreased right-hand preference”
for women than for men. Three studies do find an association between les-
bianism and hand preference (McCormick, Witelson, and Kingstone 1990;
Mustanski, Bailey, and Kaspar 2002; Lippa 2003), and the review by
Lalumiere and colleagues (2000) did find the larger effect size in women
compared with men, which they predicted.9 Two studies found no differ-
ence in handedness between lesbians and heterosexual women (Rosenstein
and Bigler 1987; Gladue and Bailey 1995b), though the former of these
used an exceptionally poor measure of sexual orientation. Studies of peo-
ple with atypical gender identity have consistently shown this group to be
more left-handed than controls (Green and Young 2001; Zucker et al.
2001; Cohen-Kettenis et al. 1998).

Other traits studied in sexual minorities do not follow these same pat-
terns. For example, consider digit-length ratios, which have now been ex-
tensively examined in both men and women. The relative length of the sec-
ond to the fourth fingers (known as the 2D:4D ratio) tends to be roughly
equal in women, but lower in men, reflecting a longer “ring” finger than
index finger. There have been seven studies comparing 2D:4D in gay and
straight men, and the findings are all over the map. Three studies find
higher (feminized) ratios in gay men (McFadden 2002; Lippa 2003; Col-
laer, Reimers, and Manning 2007), but two other studies found gay men to
have lower (hypermasculinized) ratios (Robinson and Manning 2000; Rah-
man and Wilson 2003) and two found no difference in digit ratios between
gay and straight men (Williams et al. 2000; Voracek, Manning, and Po-
nocny 2005).10 Among women, two studies found lesbians to have “mas-
culinized” digit ratios (Rahman and Wilson 2003; and Williams et al.
2000), but one small study (Anders and Hampson 2005) and the two larg-
est studies (Lippa 2003; Collaer, Reimers, and Manning 2007) found no
difference compared with heterosexual women. Only one study has re-
ported a link between 2D:4D and gender identity, and this found a “fem-
inized” pattern in male-to-female transsexuals, but no difference between
female-to-male transsexuals and other genetic females (Schneider, Pickel,
and Stalla 2006). In sum, if there is any link between digit ratio and sexual
orientation or gender identity, it appears to be very small, and to be limited
to (genetic) men. The evidence is similarly mixed for other indicators.

Neuroanatomy Studies: Is There a Gay Brain?

Last, but certainly not least, it’s important to consider evidence from
neuroanatomy, because a small group of studies from this field have been
among the most influential in the literature. As with neuropsychological
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studies, scientists who use neuroanatomy as evidence for brain organiza-
tion do not actually assess or attempt to control for hormone exposures
during some early period. Instead, focusing on brain structures that they
believe are different between men and women, investigators look for dif-
ferences in the brain that correlate with differences in sexual orientation or
gender identity. The general brain organization hypothesis is that “male-
typical” structural features (like the size, cell density, or shape of a particu-
lar brain region) will go with “male-typical” patterns of sexuality or gen-
der identity. But brain structures, even more than psychological traits,
don’t come in neat “male” versus “female” types. Further, as with the neu-
ropsychology studies, scientists typically infer that a high correlation be-
tween “male-pattern” sex-dimorphic structures and masculine patterns of
sexuality indicates that both the structures and the traits developed as a re-
sult of early hormone exposures, though this may not be the case, as I de-
scribe below.11

Given that these studies have had extraordinarily high citation rates and
eager popular coverage, they seem to appeal to people as particularly
“concrete” evidence of a biological basis for differences in sexuality. Per-
haps that is simply because the design involves actual examination of the
brain, which, along with genitals, is the alleged “target” of the organizing
effects of hormones. But the reality is more complicated, for several rea-
sons, not least of which is the controversy over the extent and nature of
sex differences in the human brain. Brain organization research has mostly
focused on regions within the hypothalamus, because studies in rats have
indicated the existence of a sex-dimorphic nucleus within the preoptic area
of the hypothalamus (SDN-POA, or simply SDN). Based on this rat re-
search, the SDN is relevant to brain organization on two counts: (1) an
area of the hypothalamus sexually differentiates under the influence of ste-
roid hormones in early development, and (2) the same area is functionally
involved in sex-typical mating behaviors (Gorski 1979).

But locating the human homologue to the rat’s SDN proved elusive, in-
deed. The search for a human SDN has centered on various cell groups in
the anterior hypothalamus. The Dutch neuroscientists Swaab and Fliers
first reported a sex difference in this region in 1985, and designated it
the “sex-dimorphic nucleus” to indicate the presumed parallel with the
SDN that Gorski had identified in the rat (Swaab and Fliers 1985). Laura
Allen, then a graduate student working with Gorski, later failed to confirm
the sex difference reported by Swaab and Fliers, so Allen and Gorski sug-
gested the name “first interstitial nucleus of the anterior hypothalamus”
(INAH1), for that area (Allen et al. 1989). Allen and colleagues also iden-
tified three other nuclei in the anterior hypothalamus, INAH2–4, and re-
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ported that two of these, INAH2 and 3, were sex-dimorphic. The sex dif-
ference in INAH3 has been replicated at least twice (LeVay 1991; Byne et
al. 2000). Two later studies failed to replicate the sex difference in INAH2
(LeVay 1991; Byne et al. 2000), although some neuroscientists continue to
claim that the area is sexually dimorphic (for instance, Koutcherov et al.
2002). Why all the confusion? As authors of a recent developmental study
of the human brain explained, “cell groups in the adult human hypothala-
mus are less circumscribed [than in the rat], and, thus, more difficult to
identify” (Koutcherov et al. 2002). (This is exactly the point I raised in
Chapter 3—that it is difficult to apply a genital model to understand brain
development, because interspecies differences in brains are both larger and
more difficult to discern.)

At least four studies have reported attempts to link one or more of these
nuclei with sexual orientation. The first of these was conducted by Dick
Swaab, the scientist who had initially called INAH1 the “sex-dimorphic
nucleus,” and his junior colleague Michel Hofman. Swaab and Hofman
(1990) reported that, in contrast to the sex difference Swaab had earlier
found, INAH1 did not vary by sexual orientation in men. They did, how-
ever, find a sexual orientation difference in a fifth cell group in the anterior
hypothalamus, the suprachiasmatic nucleus. The finding was never repli-
cated.

The next report to emerge is one of the most influential (and controver-
sial) studies in all of brain organization research. Simon LeVay, then work-
ing at the Salk Institute in southern California, released his comparison of
homosexual versus heterosexual men’s brains in a 1991 article in the jour-
nal Science, receiving a veritable storm of press coverage. Building on
Laura Allen’s identification of sex differences in INAH2 and INAH3,
LeVay reported that INAH3 was smaller, closer to the size of presumed
heterosexual women, in gay men’s brains (LeVay 1991). As noted earlier,
LeVay found no sex difference in INAH2; neither was there a difference by
sexual orientation.

A partial replication of LeVay’s work came from somewhat surprising
quarters, a team headed by William Byne of Columbia University. Byne
has been an outspoken skeptic of brain organization research and has
offered particularly pointed criticisms of what he has characterized as
sweeping and premature conclusions from preliminary, often ill-designed
studies of variations in the human brain by sex and sexual orientation (for
instance, Byne and Parsons 1993). Like LeVay, Byne found INAH3 to be
smaller in women than in men, with some interesting qualifications. Byne’s
group found the sex difference in INAH3 size to be accounted for by
women having fewer neurons. In contrast, the difference between homo-
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sexual and heterosexual men was not a matter of the number of neurons,
but was a near-significant trend for the former to have smaller INAH3 vol-
umes relative to brain weight. So, although there was a difference, the sex-
ual orientation difference did not mirror the sex difference (Byne et al.
2001). Byne and colleagues interpret both findings, but especially the sex-
ual orientation-related difference, as consistent with a pattern that arises
after the critical period of development, because “in humans, the major
expansion of the brain occurs postnatally while the individual is in con-
stant interaction with the environment” (91).

In addition to the INAH studies and the (unreplicated) finding of a dif-
ference in the suprachiasmatic nucleus (Swaab and Hofman 1990), one
other study has reported a difference in brain structure between heterosex-
ual and homosexual men. Laura Allen, “scooped” by LeVay’s research on
gay men’s brains, added her own finding about a sexual orientation dif-
ference.12 She and her mentor, Roger Gorski, examined the anterior com-
missure, which is a thick band of tissue that connects the two sides of the
brain. While not known to have any specific functions related to sexual be-
havior or reproductive capacity, the anterior commissure has been found
by some teams to be larger in women than in men. Allen and Gorski re-
ported that this structure was also larger in homosexual than in heterosex-
ual men, a “feminine” pattern that they believed was due to female-typical
hormone exposures in development (Allen and Gorski 1992). Other stud-
ies have failed to replicate that sex difference (Byne and Parsons 1993;
Byne et al. 2001), and another study later found that the anterior com-
missure did not vary by either sex or sexual orientation (Lasco et al. 2002).

Though no studies have examined the brains of lesbians, one study has
now looked at the brains of male-to-female transsexuals (Zhou et al.
1995; Kruijver et al. 2000). The study, by Dick Swaab’s lab at the Nether-
lands Brain Institute and conducted in conjunction with Louis Gooren, a
renowned clinician-researcher who works with transsexuals, concerns yet
another portion of the hypothalamus, the central subdivision of the bed
nucleus of the stria terminalis (BSTc). In an initial report, Jiang-Ning
Zhou and colleagues simultaneously reported a difference in the volume of
the BSTc between nontranssexual men and women, and between transsex-
ual and nontranssexual men. The study is particularly interesting because
the scientists had sought to identify “a brain structure that was sexually di-
morphic but was not influenced by sexual orientation, as male-to-female
transsexuals may be ‘oriented’ to either sex with respect to sexual behav-
ior” (Zhou et al. 1995, 68). (Most other brain organization researchers,
especially in the early years, have missed this point about the variability of
sexual orientation among transsexuals.) When Zhou and colleagues found
that the six transsexuals they studied had, on average, a smaller BSTc vol-
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ume than other genetic males, they concluded that they had found “a fe-
male brain structure in genetically male transsexuals,” which they said
supported “the hypothesis that gender identity develops as a result of
an interaction between the developing brain and sex hormones” (68).
Swaab’s team later refined the analysis, determining that the volume differ-
ences they observed reflect a difference in cell number (Kruijver et al.
2000). They also ruled out a relationship between cell number and (male)
sexual orientation, because nontranssexual men, regardless of sexual ori-
entation, had almost twice as many of a specific kind of neuron (soma-
tostatin neurons) as women in this brain area, and the number in male-to-
female transsexuals was similar to that of the women.13 (It’s worth empha-
sizing that the second paper is an elaboration, rather than a new study, be-
cause 26 of the 34 subjects in the main analysis were the same as those
studied by Zhou et al. (1995). Thus, the finding of a relationship between
the BSTc and gender identity has been extended but not replicated.)

In part because the spotlight has shined on them, these studies have also
drawn a great deal of criticism for certain aspects of their design. The
study that has been most heavily criticized is LeVay’s examination of a sec-
tion of the hypothalamus, but the criticisms apply equally well to the other
studies. First, because they are autopsy studies, there is very little informa-
tion on the subjects’ sexual behavior, and none whatsoever on their desire,
which is what most sexuality researchers consider a better reflection of
sexual orientation. Almost all of the “homosexual” men in these studies,
as well as a portion of the “heterosexuals,” are people who died of AIDS.
So the designation “homosexual” or “heterosexual” reflects information
that was collected for purposes of classifying HIV transmission, not for
sexuality research. This is far from ideal.14 Second, a number of critics
have raised the issue of how HIV might have affected the brain areas that
the scientists compare. By including some heterosexual subjects who died
of AIDS, as well as others who did not, scientists can conduct various anal-
yses to try to rule out an effect from the disease. But the underlying virus,
HIV, affects different people in different ways, and none of the studies so
far has actually controlled for the specific clinical diagnoses of different
subjects. (This is especially important because the gay men may have been
less likely to be users of intravenous drugs, and more likely to have other
sexually transmitted infections, than the other men with AIDS—and each
of these covariates may have distinct effects on the brain.) In any case,
nothing short of studying brains from homosexual subjects who have not
died of AIDS can actually eliminate this problem. Third, all of the studies
are very small, and the amount of overlap in size or shape of the brain area
in question between the homosexual and the heterosexual groups in each
case is quite substantial. Fourth, there is no temporal information about
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the development of the brain structures in question relative to the develop-
ment of same-sex orientation. Many scientists simply assume that struc-
tural differences predate and are causally related to differences in sexual
desire and behavior; others, most notably William Byne and colleagues
(2001), point to a large body of evidence showing that brain structures are
responsive to experience and retain plasticity well into adulthood, if not
throughout life.

In the end, there is one replicated finding linking neuroanatomy to sex-
ual orientation, which is that the portion of the hypothalamus known as
INAH3 seems to be larger in heterosexual men than in homosexual men.
What to make of this finding is a matter of dispute even between the two
main researchers involved: Simon LeVay (1996) suggests it means that gay
men have likely had less testosterone exposure in utero, so they have un-
dergone a different brain organization, but Bill Byne and colleagues (2001)
believe it is just as plausibly a reflection of influences from later in life.

So what is the take-home message of case-control research on brain or-
ganization in humans? Taking the studies reviewed here at face value,
there seem to be several research areas that we can eliminate as providing
reliable evidence for “organizing” effects of prenatal hormones in hu-
mans: neither prenatal stress, nor neuroendocrine function, nor any so-
matic characteristics are reliably related to sexual orientation or gender
identity. While there are some data suggesting a link between sexual orien-
tation and handedness, more studies overall suggest no link, and there
are major difficulties in reconciling the suggested empirical pattern of in-
creased left-handedness in both gay men and lesbians with the predictions
of brain organization theory. There do seem to be some data suggesting
that gay men and lesbians are more likely to have sex-atypical interests
and possibly also sex-atypical cognitive skills (especially spatial relations)
relative to their heterosexual counterparts. But as I have noted above,
these data don’t fit into any coherent pattern, either on their own or to-
gether with data on prenatal stress, handedness, or digit-length ratios.
There is also a portion of the hypothalamus, INAH3, that appears to be
larger in heterosexual men, though major questions remain regarding the
functional significance of this difference, as well as the timing (especially
whether it predates or follows the emergence of sexual attraction and be-
havior).

Moving Beyond the Best-Case Scenario

As I described in Chapter 3, analysis of quasi-experimental studies re-
quires special attention to studies that use significantly different research
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designs. In this chapter I have not attempted to consider how the findings
from case-control studies on brain organization stack up next to the co-
hort studies. That is a critical next step. Rather than examining every do-
main for congruence between the cohort and case-control studies, I limit
the cross-design analysis to those domains where there seems to be the
most evidence of early hormone effects.

Given the overall pattern of findings in the cohort and case-control stud-
ies on brain organization, what domains appear to be the most likely can-
didates for showing an influence of prenatal hormones? First, a variety of
studies seem to suggest that early hormone exposures affect aspects of sex-
uality, both sexual orientation and broader “masculine” or “feminine”
patterns of sexuality. Before we conclude that hormones affect masculine
or feminine sexuality, though, it’s important to consider just what “mascu-
line” or “feminine” sexuality is, and make sure that we consider evidence
in a way that compares apples to apples. The same goes, of course, for
“homosexuality,” which is by far the most common characteristic that has
been studied in connection with prenatal hormone exposures. Thus, I de-
vote the next two chapters to a deeper symmetry analysis of evidence
about sexuality.

Second, there seems to be evidence from both clinical and nonclinical
populations that some aspects of sex-typed interests and cognitive patterns
may be associated with prenatal androgens. The basic analysis in Chapter
4 showed that some common claims in this regard are at the very least
overstated—for example, if there is a connection between androgens and
spatial relations, it is neither simple nor linear. Because the evidence is so
weak for the effect of prenatal hormones on sex-typed cognition, and be-
cause there are already several excellent critical reviews of this subset of re-
search (including Hines 2004; Spelke 2005), I do not give additional atten-
tion to symmetry analysis for that domain.

Sex-typed interests are another story. This is a domain where, based on
this surface analysis, there seem to be consistent findings across several
categories of studies. A closer analysis of evidence regarding interests is es-
pecially important in light of the fact that, to my knowledge, there have
been no deep reviews of this research to date. Moreover, claims about
innate sex-typed interests are central to the way “male brain” and “fe-
male brain” arguments are built in relation to important policy issues. Do
schools fail boys if reading lists aren’t sufficiently action-oriented (Tyre
2005; Brooks 2006)? Should we eliminate “disparate impact” analyses
that support discrimination claims with evidence that there is a lack of
parity in certain jobs? Some argue that parity should be dropped alto-
gether as a goal, because they interpret brain organization research to
show that men and women “self-select” into occupations based on inter-
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ests (Holden 2000). I don’t directly tackle these policy issues, but Chapter
8 takes a closer look at evidence that is recruited for making these sugges-
tions.

Finally, with a few exceptions, most scientists who study hormone ef-
fects on gender identity agree that one’s basic sense of self as male or fe-
male is not “set in stone” by the level of androgens in utero, but that these
androgens do seem to have some effect. The evidence that is considered
strongest in this regard comes from intersex syndromes, as well as studies
of other conditions in which children are reared in a gender that does not
fully accord with their genetic sex and/or their presumed prenatal hor-
mone environment. As I have suggested, these studies have been subjected
to a number of criticisms, most frequently the inability to control for the
effect of unusual genitals on either parental treatment or one’s developing
sense of self. But there are critical issues about interpretation of these stud-
ies that have not yet been deeply explored, issues that signal a broad short-
coming in current thinking about how sexuality, gender, or indeed person-
ality in general might be connected to both physical bodies and to one’s
social experiences. For example, what might be the effect of repeated ques-
tioning about one’s gender, coupled with repeated physical exams, surger-
ies, and the awareness that one’s physique is “different” from others’? I do
not devote an entire chapter to the evidence on gender identity, but I ex-
plore such questions in Chapter 9. There, I consider how a number of rele-
vant and measurable variables are systematically excluded from analyses
of gender identity development. There, and in Chapter 10, I also revisit the
evidence about gender identity as one of several strategies for imagining a
more dynamic theory of human sexual development.
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c h a p t e r s i x

Masculine and Feminine
Sexuality

One of the most apparently obvious features of masculinity and
femininity is that they are different from one another—whether con-

ceived of as two poles of a single continuum (where being more masculine
implies being less feminine) or as entirely different dimensions—masculin-
ity and femininity are thought to be sharply different and easily distin-
guished. In my interviews with the top scientists conducting brain organi-
zation research, I heard repeatedly that masculine and feminine sexuality
are simply “commonsense” ideas. As one scientist said: “Most people . . .
don’t have any problem understanding that male sexuality is different
from female sexuality. It’s a no-brainer” (Dr. A interview, February 1999).
Like Dr. A, nearly all scientists conducting brain organization research
treat masculinity and femininity as commonsense ideas that don’t require
explicit definitions.

Most people—scientists included—also tend to think of masculinity and
femininity as stable across times and cultures, especially when thinking
about how biology might matter to sex or sexuality. Things that are “natu-
ral” don’t change much over time, at least not in the short run. Evolution
is a slow process. But even a cursory familiarity with the history of sexual-
ity—or recent social history more generally—brings the obviousness of
masculine and feminine sexuality into serious question. Just in the decades
since brain organization research began, the sexual revolution, second-
wave feminism, and the gay and lesbian liberation movement have



brought big questions into public discussion: How important is sexual sat-
isfaction to women? What gives “normal” women orgasms? How many
and what sort of sexual partners is it normal to have—and is the answer
different for women and men? Brain organization researchers have been
asking, “What causes masculine or feminine sexuality?” Many activists,
scholars, and regular people trying to work out their own sexual lives have
been asking, “What is masculine or feminine sexuality?” That discrepancy
underlies the central question of this chapter: How have scientists con-
ducting brain organization research come up with definitions and mea-
sures for masculine and feminine sexuality, when these concepts are politi-
cally contested and seem to be in flux?

As it turns out, these scientists’ certainty that we all know what we’re
talking about, so they don’t have to spell it out, masks dramatic changes in
how they distinguish between masculine and feminine sexuality. In this
chapter, I trace the shifts in scientific definitions by focusing more particu-
larly on feminine sexuality, because the changes all involved a broadening
of feminine sexuality to include aspects that previously were treated as
clear signals of masculinization. Interestingly, no aspects that were origi-
nally considered feminine ever became a part of the “normal” masculine
repertoire.1

Given that ideas about timeless differences in the fundamental sexual
natures of men and women form the conceptual structure for brain organi-
zation research, it’s useful to point out just a few historical changes before
turning to close examination of “feminine sexuality” in the studies. For
example, the contemporary idea that men have a much greater sexual ap-
petite than women is the exact reverse of the idea in Renaissance Europe
that women were generally sexually insatiable and men were much more
capable of controlling their “base desires” with their naturally greater ra-
tionality (Laqueur 1992). Another example concerns the type of conclu-
sions one might draw about the sexual habits of a man who is extremely
concerned with his appearance and dress. According to current American
stereotype, the man is likely to be gay; but according to the common wis-
dom of early modern Europe, he was likely to be a womanizer (van der
Meer 1997). Interestingly, being a womanizer in this earlier period was
considered effeminate, because it signaled a lack of manly self-control. So
much for the popular idea that a desire for lots of sex and multiple part-
ners has always and everywhere been considered masculine!

Closer to our historical “home,” it is somewhat amazing to trace the
shift in ideas about “normal” women’s sexuality—both psychological and
physiological—over the twentieth century. In a 1933 lecture, Sigmund
Freud articulated a theory of femininity that was dominant for decades:
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“mature” female sexuality required giving up the active, clitoral-focused
erotics of childhood for the passive pleasures associated with vaginal pene-
tration: “In the phallic phase of girls, the clitoris is the leading erotogenic
zone. But it is not, of course, going to remain so. With the change to femi-
ninity, the clitoris should wholly or in part hand over its sensitivity, and at
the same time its importance, to the vagina” (Freud 1965, 118). Women
who “failed” to experience their greatest sexual pleasure from vaginal
penetration were viewed as sexually and psychologically disordered, while
healthy “adjustment” to femininity was characterized by “passivity in co-
itus.” Freud’s followers even went so far as to suggest that femininity en-
tails masochism, which “impels [woman] to welcome and to value some
measure of brutality on the man’s part” (Marie Bonaparte, quoted in
Ehrenreich 1978, 272). Even Freud’s critics, like Alfred Kinsey, agreed that
women had a naturally lower sexual “capacity” (though Kinsey attributed
this to physiological differences rather than the different developmental
mandates for males and females) (Irvine 1990, 49–50).

The idea of men’s greater sexual appetite has carried through the de-
cades, but the idea of men’s greater sexual capacity was soundly put to rest
in 1965, when Masters and Johnson published their paper “The Sexual
Response Cycle of the Human Female.” Among their most riveting find-
ings, which helped propel their 1966 book Human Sexual Response to
best-seller status, was their conclusion that men’s orgasmic capacity paled
beside that of women, whose capacity for multiple sequential orgasms
was usually limited by “physical exhaustion alone” (Masters and Johnson
1965, 64). Likewise, Freudian ideas about “mature vaginal sexuality”
were trounced by behavioral sexologists, whose work in the 1950s and
1960s emphasized the importance of clitoral stimulation for the sexual
satisfaction of most, if not all, women (Irvine 1990, esp. 161–163; Lloyd
2005, esp. chap. 2).

These issues just touch the surface of recent changes in expert knowl-
edge about feminine sexuality. Note also that the discussion above is lim-
ited to mainstream ideas in Western Europe and the United States; the
range of ideas about “normal” masculine and feminine sexuality expands
greatly when one takes a cross-cultural perspective or considers nonma-
joritarian and nonexpert views. Several excellent historical studies, In-
timate Matters: A History of Sexuality in America (D’Emilio and Freed-
man 1988), The Invention of Heterosexuality (Katz 1995), and The Long
Sexual Revolution: English Women, Sex, and Contraception, 1800–1975
(Cook 2004), richly detail the changing sexual landscape for both women
and men, before and into the twentieth century. The pace of change was
uneven, and a general pattern of rapid liberalization was punctuated by
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periods of sexual conservatism. But over the course of the twentieth cen-
tury, the horizon of sexually acceptable behavior moved farther and far-
ther from the nineteenth-century standard of reproductive intercourse in
marriage. From our current vantage point, changes in the visibility and ac-
ceptability of same-sex relationships may seem to be the most dramatic
sexual change of the past few decades. But heterosexual norms and be-
haviors have been transformed as well. Each time, norms and behaviors
shifted first for men, then for women, with more and more behaviors even-
tually constituting the “normal” repertoire for both (D’Emilio and Freed-
man 1988; Cook 2004).

In fact, at the very same time that brain organization studies on humans
began in the late 1960s, political and social movements were shaking tra-
ditional ideas about sexual behavior, and a revolution in birth control and
the legalization of abortion increasingly separated sexuality from repro-
duction. This separation had a particularly dramatic effect on notions of
acceptable—and therefore normal—sexual behavior for women. Consider
how the definition of “promiscuous” rapidly transformed from the 1950s
to the 1970s, as historian Hera Cook has pointed out:

In 1972, the Sunday Times reported on a study in which 3,000 women who
suffered unwanted pregnancies were interviewed and then divided into four
classes: permanent cohabitees; people in stable liaisons (anything over three
months); temporary relationships (under three months or undefined), and
lastly ‘those who had disordered casual sex with a variety of partners’. Only
the last group . . . was identified as promiscuous. . . . In the 1950s, all of these
women would have been considered immoral and all of those not in perma-
nent relationships would have been considered promiscuous.” (Cook 2004,
294)

It wasn’t just opinions that were changing, but also behavior. Citing de-
mographic figures on cohabitation, marriage, and births outside of mar-
riage in the United Kingdom, Cook concluded that seismic shifts in sexual
behavior that began in the 1970s actually “accelerated in the 1980s and
1990s” (338). The end result, which she attributes above all to the avail-
ability of contraception, is that “women’s behaviour has become closer to
that long considered acceptable for men” (338).

Similar changes swept the rest of Europe, as well as the United States.
Young men’s descriptions, from the 1950s and 1960s, of the emotional
content of their sexual desires and behavior are a particularly compelling
indicator of just how much changed in the second half of the century. The
current popular and scientific view holds that male sexual desire is largely,
if not entirely, independent of concerns for love and intimacy, but this
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“masculine” separation of lust and emotional connection was demonstra-
bly less pronounced just a few decades ago. In interviews about “premari-
tal” sex, some young men justified their sexual activities outside of mar-
riage with reference to emotions, especially love: “We didn’t believe in
petting because of the sex alone, but because we were very much in love
and this was a means of expressing our love to each other” (Rothman
1984). Others felt that it was disrespectful to make sexual advances to
“nice” girls, even if that meant settling for little or no sex themselves. “As
one college male explained: ‘. . . the fact that I was never sexual with any-
one is because I never dated anyone I didn’t care for’” (263).

This is not to say, of course, that sex now is or ever was an equal propo-
sition for women and men. To the present day, the consequences of hetero-
sexual intercourse generally remain higher for women than for men, both
because of the risks of pregnancy and because of the damage to reputation
that can result from being sexual outside the (expanding, but still gender-
defined) boundaries of social acceptability. But from this side of the sexual
revolutions of the twentieth century, it is easy to lose track of just how
much has changed, and how rapidly.

Surprisingly, against this backdrop of change, most brain organization
researchers have used the common term feminine sexuality through more
than four decades as though it is absolutely self-evident and unproblem-
atic. But the ground has been shifting under their feet. While ideas and
practices associated with “normal” sexuality changed in the broader world
during those decades, the transformation of masculine and feminine sexu-
ality was just as dramatic in the studies that are intended to determine how
male and female sexual natures develop.

In brief, from the late 1960s until around 1980, brain organization
researchers relied on a model of human sexuality that sharply divided
masculine and feminine sexual natures. Their model exhaustively divided
aspects of sexual desire and expression into male and female “forms”:
initiating versus receptive, versatile versus conservative, genitally focused
versus diffuse. As posited in the early studies, feminine sexuality looks
frankly Victorian: it is romantic, dependent, receptive, slow to waken, and
only weakly physical. Scientists thought of female sexual activity not as an
end in itself but as a means for fulfilling desires for love and motherhood.
Their picture of masculine sexuality was a mirror image of their feminine
model: active and energetic, initiating, dominant, penetrating, frequent,
intense, and genitally focused. Masculine sexual activity was assumed to
be its own end, unsentimental and undiluted by romance. Certain activi-
ties, especially masturbation and having multiple partners, or sex outside
of marriage, were unequivocally coded as masculine. Above all, sexual de-
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sire for women—only and always for women—was understood to be the
central feature of masculine sexuality, while exclusive sexual desire for
men was central to the feminine pattern.

Things began to change in the early 1980s. In the most general way, sci-
entists continued to assert that early exposure to “masculinizing” hor-
mones makes sexual development either more masculine or less feminine,
and their preoccupation with sexual orientation intensified. But a closer
look at the specific behaviors coded as masculine or feminine in the later
studies shows some surprising and very important differences from the
first period. In particular, masturbation, genital arousal, and sex with mul-
tiple partners came to be understood as “commonsense” features of femi-
nine sexuality, even though these had earlier been read as clear signs of
masculinization.

The remainder of this chapter will provide detailed examples of how
sexual patterns have been interpreted as masculine or feminine in specific
studies over the years. Scientists’ definitions are usually left implicit. But by
painstaking examination of research reports and the materials used in con-
ducting these studies—especially the actual questions asked and the rules
for evaluating answers—it is possible to identify the operational defini-
tions at work. What follows is based both on what scientists explicitly said
female sexuality is, and also on how they interpreted women’s actual be-
haviors as “masculine” or “feminine.”

The survey is divided into two roughly chronologic periods when one or
the other model of sexuality was dominant among scientists. Perhaps more
surprising than the outright reversal in scientists’ ideas about some key
components of female sexuality is that scientists (those who conduct re-
search related to the theory; those who review studies for journals, funding
proposals, and other publications; and those who lean on the theory for
broader arguments about sex differences or sexuality) have apparently
never noticed these critical changes. After examining the transformation in
scientists’ interpretations of sexuality, I’ll turn to a consideration of how it
matters for brain organization theory itself.

Working Definitions, Take One:
The 1960s and 1970s

Brain organization research on human sexuality was officially launched by
John Money’s team with a 1968 study of women with congenital adrenal
hyperplasia (CAH) (Ehrhardt, Evers, and Money 1968). CAH interferes
with the synthesis of the steroid hormone cortisol, causing overproduction
of androgens, including testosterone and dihydrotestosterone. As noted in
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earlier chapters, these high androgen levels cause various degrees of genital
masculinization in genetic females with “classic” CAH (as opposed to the
milder, late-onset form). Until 1950, when it was found that treatment
with cortisone would suppress the overproduction of androgens, women
with CAH would undergo progressive virilization, so that the initial mas-
culinization of the genitalia was complicated by the development of sec-
ondary sexual characteristics.

Money, whose own doctoral research had focused on the psychosexual
development of people with various intersex disorders (then known as her-
maphrodites), had been studying people with CAH for over a decade by
the time of his first brain organization report. Housed in the Department
of Psychiatry and Behavioral Sciences and the Department of Pediatrics at
Johns Hopkins University School of Medicine, Money’s projects were co-
alescing into a new “psychohormonal research unit.” The team included a
young German doctoral student, Anke Ehrhardt, who came to the United
States to work with Money and would go on to become one of the most
distinguished sexuality researchers of her generation.

Ehrhardt took the lead on a paper about women with CAH whose treat-
ment did not begin in infancy, as is now the norm, but at adolescence or
even later. These “late-treated” women had come of age prior to the intro-
duction of cortisone therapy, so “the majority of the sample had lived for
many years with the stigma of heavy virilization, sometimes uncorrected
genital morphology and lack of feminine secondary sexual development”
(Ehrhardt, Evers, and Money 1968, 117). Several features of the article
recommend it as an excellent anchor for understanding scientists’ ideas
about masculine and feminine sexuality in early brain organization stud-
ies. First, although the title vaguely referred to “some aspects of sexually
dimorphic behavior,” the focus of the report was squarely on eroticism
and sexual practices. As such, it was the first research report concerning
the influence of prenatal androgens on frank sexuality in humans. Second,
while the authors acknowledged that late-treated women with CAH pro-
vide an imperfect window into hormonal brain organization (because ele-
vated androgens have not been confined to the prenatal period in this
case), the report was nonetheless interpreted by its authors and others as
providing evidence that prenatal hormones shape adult sexuality. It is, in
fact, an especially influential study that continues to garner an impressive
number of citations in the current period.2 Third, in this paper Money’s
team drew a detailed template of masculine and feminine sexuality that
psychologists working on brain organization studies would subscribe to
for the next dozen years.

Close reading of this influential early study gives a good sense of scien-
tists’ working definitions of masculine and feminine sexuality. Consider, in
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particular, two brief sentences in which the scientists describe how prena-
tal androgen exposures have affected sexual arousal in women with CAH:

The arousal was in the women’s own genitals and was such as might lead to
masturbation in the absence of a partner. It was not the sentimental arousal,
more typical of the normal female, which leads to romantic longing for the
loved one alone and which will, in his absence, require waiting for his return.
(Ehrhardt, Evers, and Money 1968, 120)

This short passage is a rich source of information about scientists’ ideas
of masculine and feminine sexual natures. By characterizing this arousal
pattern as “masculinized,” Ehrhardt, Evers, and Money thereby defined
masculine arousal as being focused in the genitals and requiring “release”
(if no partner is available, masturbation will do the trick). Conversely, they
defined feminine arousal as sentimental, romantic longing; it is explicitly
not located in the genitals and does not reach the threshold of frank sexu-
ality without a partner present; masturbation will not follow arousal. Fur-
ther, feminine sexuality is tightly attached to love (“longing for the loved
one alone”), and the longed-for loved one is, by definition, a male (his ab-
sence, his return).3 Finally, female sexuality is passive: in the absence of a
partner, a “normal” woman simply waits. Elsewhere in this same article,
the researchers were even more explicit on this point: “The female role in
heterosexual relations is conventionally defined as more passive and recep-
tive in comparison with the more aggressive, active and initiating role of
the male” (120).

The contrasts that Ehrhardt and colleagues drew between women with
late-treated CAH and “normal” females suggested a number of additional
distinctions between masculine and feminine sexuality. For example,
women with CAH showed “versatility in coitus,” operationally defined as
“experimenting in sexual foreplay and coital positions.” They noted, for
example, that “nine patients were versatile and enjoyed a variety of posi-
tions in sexual intercourse rather than just one or two” (120). This versa-
tility, as well as the women’s “erotic response to perceptual material and
the personal freedom in sex,” they suggested, “indicate behavior more of-
ten found in males than in females” (121). They also divided sexually
arousing stimuli into masculine and feminine, with different senses en-
gaged in these two types of arousal. For example:

Dependency on touch, including kissing and caressing, for the erotic arousal
of most of these patients fits into the expected female pattern. However, al-
most the same number of women also reported sexual response to visual and
narrative stimuli. The latter are generally believed more frequently associated
with the male. (120)
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Most importantly, Money and Ehrhardt’s model divided stimuli into
masculine and feminine in terms of content. In other words, whether it is
evoked by sight, smell, narrative, or otherwise, is the arousing image that
of a man or a woman? Setting the tone for literally all brain organization
studies that would follow, they treated erotic desire for men as the most
dramatic and clear-cut sign of feminine sexuality, and erotic desire for
women as the clearest sign of masculinization. Underscoring the fact that
sexual object choice was central to them, they embedded information
about the gender of partners in all data on sexual behavior. For example,
rather than simply listing “frequency” of sex, they listed frequency sepa-
rately as “frequency of homosexual contacts” and “frequency of hetero-
sexual contacts” (Ehrhardt, Evers, and Money 1968, table II, 119). They
similarly divided “amount of satisfaction from sex,” “age of initiation,”
and virtually all other aspects of sexual experience into “homosexual” and
“heterosexual”—even when there were no homosexual data to report.

Some of Ehrhardt and colleagues’ qualifying statements, meant to indi-
cate that these women were not fully masculinized, are also instructive. In
particular, the report highlighted the fact that the subjects’ sexual relation-
ships were all with steady partners. In an earlier commentary on the sexual
patterns of women with late-treated CAH, Money had interpreted their
arousal as masculine because arousal in these women was “likely to be ac-
companied by . . . masturbation or the willingness for sexual intercourse
with even a transitory partner” (Money 1965a, 70). Continuing that line
of thought here, Ehrhardt, Evers, and Money suggested that having sex
only with “steady partners” is a feminine trait.

While it is important to not judge forty-year-old studies by current stan-
dards, a brief pause to situate this study historically shows that many of
these claims were seriously out of step with sexual standards at the time.
Ehrhardt and her co-authors had sent the article to the Johns Hopkins
Medical Journal in December 1967, a few months after the “summer of
love” launched the sexual revolution into mainstream consciousness. Mas-
ters and Johnson’s (1966) Human Sexual Response had already been out
for a year, which gave wide publicity to their findings that the physiology
of arousal and orgasm is extremely similar in men and women. And long-
standing evidence was already available from several studies of nonclinical
samples of women that bluntly contradicted the prim, almost disembodied
picture of normal female sexuality painted by Ehrhardt, Evers, and Money.
Their statements on masturbation are especially fascinating in this regard.
The notion that normal women do not masturbate ran counter to literally
all survey data collected from the 1920s to the late 1960s, showing that
anywhere from one-third to one-half of American women reported mas-
turbation, with the proportion generally increasing for each younger age
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cohort (Kinsey et al. 1953; Davis 1924–1925; Gagnon, Simon, and Berger
1970).

Given this context, it is important to recognize that in this “sexual revo-
lution”–era study, Ehrhardt, Evers and Money compared the women with
CAH to outdated, stereotypical expectations about normal women, rather
than to actual women without CAH.4 Almost all later studies (including
studies from Money’s team) did include some comparison or control group,
but the neglect of population-based data on the sexual practices of “nor-
mal” women has been the rule rather than the exception in brain organiza-
tion research.5

In sum, “feminine” sexuality in this key study followed a sort of roman-
tic, sleeping-beauty model: awaiting the touch of her special prince, a nor-
mal woman may experience romantic longing, but will not feel physical,
genitally focused lust. The scientists divided sexual arousal into many dis-
tinct aspects, some of which had to do with the stimulus to arousal, and
some with the response—but all of which came in either a masculine or
a feminine form. Does the arousing stimulus, whether evoked by sight,
smell, narrative, or otherwise, refer to a male or a female partner? What
senses must a stimulus engage for sexual arousal to follow? Where in the
body is the physical sensation of sexual arousal located? Is the quality of
desire that is aroused specifically sexual, or is it romantic? What about the
speed and intensity of response—how much stimulation is required to be
sexually arousing?

Following Ehrhardt, Evers, and Money’s first report in 1968, the picture
of feminine sexuality drawn by brain organization studies remained re-
markably consistent until around 1980. During these years, at least nine-
teen published studies linked prenatal hormones to sexual behaviors and/
or desires in humans (many additional studies looked at other aspects of
masculine or feminine cognition and personality). Each of these studies
employed definitions of masculine and feminine sexuality that accord with
the study I’ve just detailed.6

The Early Years: “His and Hers” Sexualities

The scientific model of sexuality that held sway during the first decades of
brain organization research was fundamentally one-dimensional, meaning
that masculine and feminine sexuality could be represented as not just
distinct, but polar opposites. That is, masculinity and femininity were
thought of as the extreme ends of a single continuum, and an individual’s
sex or gender “profile” was a trade-off between the two: the presence of

Brain Storm p 118



feminine traits automatically made someone less masculine, and vice versa
(see Figure 6.1). Twenty years after brain organization theory had first
been proposed, Anke Ehrhardt and Heino Meyer-Bahlburg summed up
the theory in a way that nicely illustrates the underlying one-dimensional
model of masculinity and femininity that had guided research to that
point:

Deprivation of testosterone in the male animal during his species-specific
critical time of brain differentiation will result in a female pattern of sex-
dimorphic behavior. In contrast, a female rat given testosterone shortly after
birth will, as an adult, perform more like a male in the tests for male and fe-
male sexual behavior. This principle holds true even though mammalian be-
havior is not completely sex dimorphic but is a matter of degree and relative
frequency of behavior components that are more typical for one sex or the
other. (Ehrhardt and Meyer-Bahlburg 1979, 417, emphasis added)

Within this logic, femininity can be demonstrated by the presence of cer-
tain traits specifically defined as “feminine,” but also by the absence of
traits defined as “masculine.” In this model, there is no way to represent
someone who is either unfeminine and unmasculine, nor both feminine
and masculine. (As I describe further on, this model would change in the
1980s.) From the beginning, sexual orientation was the most consistently
interesting item to investigators. Prior to 1980, every single study that gave
any attention to sexuality and eroticism included information on sexual
orientation, which was treated as a master element that conveys all (or at
least the most important) information about masculine and feminine sexu-
ality. In this scheme, sexual desire for females is the sine qua non of mascu-
line sexuality, and desiring males is likewise fundamental to feminine sexu-
ality.

But given that the hormone-exposed women in these studies were none-
theless largely or even exclusively heterosexual, what did scientists see as
the hallmarks of their “masculinized” sexuality? The early investigations
concerned sexual arousal, libido, patterns of sexual relationships, specific
sexual activities, interest in marriage, and the timing of sexual “mile-
stones” (such as first date or first sexual intercourse) in their search for or-
ganizing effects of hormones on the brain.
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Arousal and Libido: Male = More

The model of feminine arousal elaborated by Ehrhardt, Evers, and Money
(1968), for instance, is closely echoed in a study comparing (“masculin-
ized”) women with CAH to (“feminized” or “unmasculinized”) women
with androgen insensitivity syndrome (Masica, Money, and Ehrhardt
1971). In this report, the scientists again reported “more conventionally
male” sexual arousal in some of the CAH women, “the arousal having a
strong genitopelvic component with little sentimental component” (138).
Likewise, they focused on the fact that more of the “masculinized” women
reported “sexual arousal from visual stimuli” or from “narrative stimuli,
such as love scenes in novels” (138), in contrast to the more “feminine”
women, who were aroused only by “tactile” stimuli—the touch of a part-
ner. Arousal in response to visual stimulation, especially from pornogra-
phy, was mentioned as an aspect of masculine sexuality in several other
studies from this early period (Yalom, Green, and Fisk 1973; Money and
Daléry 1976; Money and Alexander 1969).

Investigators consistently defined a strong libido as masculine, and a
weaker libido as feminine (for example, Ehrhardt, Evers, and Money 1968;
Masica, Money, and Ehrhardt 1971; Lev-Ran 1974a, 1974b; Money and
Ogunro 1974; Kester et al. 1980). In many studies, “libido” was implicitly
treated as a key difference that in turn explains many other aspects of
male–female differences in sexuality. This is apparent from the fact that
under the heading of “libido,” investigators discussed number of partners,
“versatility” versus “conservatism” in sexual positions, being passive and
receptive versus active and initiating, and even being orgasmic versus non-
orgasmic (for instance, Ehrhardt, Evers, and Money 1968, 118–120; Ma-
sica, Money, and Ehrhardt 1971, 137).

In terms of masculine versus feminine relationship patterns, research re-
ports often simultaneously conveyed expectations about the number of
sexual partners that normal men versus women might have, and the type
of relationships in which normal men versus women have sex. The idea
that women’s response is normally directed to “a loved one alone” (Ehr-
hardt, Evers, and Money 1968, 120; Masica, Money, and Ehrhardt 1971,
138) contains two requirements: an emotional connection (the loved one)
and exclusivity (alone). The conventionally male pattern, in contrast, was
thought to have “little sentimental component” (Masica, Money, and Ehr-
hardt 1971) but instead to involve a response to thoughts or images of
“girls” or “women”—nearly always referred to both generically and in the
plural (Money and Alexander 1969, esp. 117; Money and Daléry 1976;
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Money and Ogunro 1974, esp. 203; Yalom, Green, and Fisk 1973). In the
early studies, especially, masculinity was established by dating many girls
or women, as well as having sex with multiple partners. For example, to
emphasize the masculinity of three genetic females with CAH who had
been reared as male, Money and Daléry (1976) noted that one had “four
different girlfriends,” another had “four or five different girlfriends” be-
fore marriage, and the third claimed “having had 19 different girlfriends”
(364–365).

The first study of children exposed in utero to diethylstilbestrol, or DES,
provides a detailed illustration of the basic expectations for boys’ sexual-
ity, and of the corollary expectations for feminine sexuality (Yalom, Green,
and Fisk 1973). Irvin Yalom and his colleagues—who included Richard
Green, an important researcher with a special interest in “sissy boys” and
who later founded a “gender identity disorder” clinic—were working from
the hypothesis that DES, a synthetic estrogen, would feminize prenatally
exposed boys. What did that mean for them? The DES-exposed boys were
expected to have fewer sexual contacts with girls, less sexual activity, less
frequent erotic daydreams, and so on. Interviewers rated the boys for,
among the many indicators of masculine development, “existence and
number of girlfriends, past and current, general amount of social contact
with girls, amount of physical contact with girls (coded on a 6-point scale
from no physical contact to hand-holding, to sexual intercourse with many
girls)” (555). Note that the masculine sexual profile built up with this rat-
ing system is a composite of high frequency, high number of partners, and
sexual orientation to females.

It’s worth pausing here to note that Yalom and colleagues’ hypothesis
about estrogen “feminizing” the brain was a sort of folkloric extension of
brain organization theory, which did not originally include any role at all
for estrogens. I will return to this point at the end of this chapter when
I describe some troubling trends in how earlier studies are cited even
though the specific working hypotheses in brain organization research
have changed. For now the crucial point is that throughout the 1970s, var-
ious research teams produced studies suggesting that estrogens would mas-
culinize behavior in several species (McEwen, Lieberburg, MacLusky, and
Plapinger 1977; Simon and Gandelman 1978; MacLusky, Lieberburg, and
McEwen 1979). Accordingly, the next study relating DES exposure to hu-
man sexuality found that DES-exposed boys were more, rather than less,
masculine (Kester et al. 1980).7 The findings about DES effects were differ-
ent, but definitions of masculine sexuality were quite consistent between
the two reports.

For example, Kester and colleagues wrote that hypotheses regarding
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sexuality of “female hormone–exposed” boys and men in this study in-
cluded that they “would have a lower sex drive and a higher incidence of
sexual dysfunction” as well as a “higher incidence of homosexual fantasy
and experience” (271).8 In contrast to this hypothesis, they reported that
the 17 subjects exposed to DES alone were the most “masculine” of the
groups, especially in comparison to those exposed to progesterone alone.
(Again, note the operative definition of “masculine” sexuality in the study.
The finding itself should not be taken too seriously, given the dizzying
number of dependent variables and the multiple comparison strategies
with very small groups.)

In spite of emerging confusion about whether estrogen would increase
or decrease the “masculine” pattern of sexuality, all studies conducted
through 1980 were unanimous in characterizing multiple partners and
high libido as hallmarks of masculine sexuality. Scientists characterized the
feminine pattern, on the other hand, as a “relative weakness of what most
people identify, subjectively, as sexual drive and its urgency” (Money and
Ogunro 1974, 195).

Specific Activities: “Normal” Girls Don’t

During these early years, brain organization studies were also based on the
idea that certain activities are the purview of males, not females. These
included masturbation, initiating sex with a partner, having erotic dreams,
using pornography, plus the catchall category “versatility.” Versatility,
for example, reflected the idea that feminine sexuality is “conservative,”
meaning that (“normal”) women would be interested in or willing to have
coitus in “one or two positions only,” while men are more “experimen-
tal,” preferring “a variety of positions in coitus” (Ehrhardt, Evers, and
Money 1968; Masica, Money, and Ehrhardt 1971, 134–137; Money and
Ogunro 1974).9 Of supposedly masculine activities, masturbation and ini-
tiation of sex got the most attention: one or both of these was coded as
masculine in each of the ten studies from the early years that include in-
formation on particular sexual behaviors (Ehrhardt and Money 1967;
Ehrhardt, Epstein, and Money 1968; Ehrhardt, Evers, and Money 1968;
Money and Alexander 1969; Masica, Money, and Ehrhardt 1971; Yalom,
Green, and Fisk 1973; Money and Ogunro 1974; Lev-Ran 1974a, 1974b;
Kester et al. 1980; Money and Lewis 1982). Neither masturbation nor ini-
tiation of sex was ever coded as feminine in these studies. For example, in
a study comparing women with two different intersex syndromes (Masica,
Money, and Ehrhardt 1971), the scientists asked women about their “role
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in heterosexual relations,” meaning the proportion of the time a woman is
“initiating” (the male pattern) versus “reserved and passive” (the female
pattern) (see also Ehrhardt, Evers, and Money 1968; Money and Ogunro
1974).10

As with homosexuality, the idea of masturbation played an important
conceptual role in these studies even when there was not much masturba-
tion to report. Along with early signals of sexual orientation, masturba-
tion was the only aspect of frank sexuality that was often assessed in stud-
ies of children with “cross-sex” hormone exposures. The association of
masturbation with masculinity, and specifically the notion that masturba-
tion is “logically” more connected with male anatomy (the penis) than
with female anatomy (clitoris, vulva, and/or vagina) is apparent in this
passage from the study of early-treated girls with CAH: “The enlargement
of the clitoris was not as important a stimulus to sexual play as it might
have been. Each patient had had a clitorectomy within the first few years
of life with the latest one being done at age 3-1/2. It is noteworthy that this
patient with the latest clitorectomy is the same patient who is neurotic and
confused about her femininity” (Ehrhardt, Epstein, and Money 1968, 163).
This context is important for recognizing that, even when they were not
explicitly framed as “masculine” behaviors, both masturbation and in-
creased “childhood investigative curiosity” about genitalia signaled mas-
culinity in these early studies. For example, in discussing girls whose gen-
italia had been virilized by prenatal progestin exposure, Ehrhardt and
Money (1967) wrote that “there were no parental complaints of mastur-
bation” (93–94). This framed masturbation by girls as something that
would be troubling—if not for the investigators, then for the girl’s parents.
None of the reports ever suggested that boys’ parents might “complain” of
masturbation. Instead, masturbation among young boys with sexual pre-
cocity due to CAH was interpreted as rather typical, “a strictly masculine,
heterosexual developmental pattern” that was unusual only in that it “oc-
curred at an earlier age than in nonprecocious boys” (Money and Alex-
ander 1969, 116–117). Likewise, in a report of seven cases of genetic fe-
males with CAH, full masculinity among the three who were reared as
males was established, in part, by highlighting frequent masturbation: “All
three reported orgasm by masturbating and by sexual intercourse . . . O.I.
claimed, besides having pleasurable vaginal intercourse two to three times
a week, that he masturbated two to three times a day” (Money and Daléry
1976, 367–368).

Other reports followed suit. Echoing the earlier article on late-treated
women with CAH, Masica, Money, and Ehrhardt (1971) noted that
arousal would “very possibly [lead] to masturbation” in women with
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CAH (138). They contrasted the “much higher incidence of masturba-
tion” in CAH women (136) to the complete absence of masturbation in
the “fully feminine” women with complete androgen insensitivity (see esp.
table II, 133). Similarly, other scientific teams approached masturbation as
a signal of masculinity, even though they did not find differences in rates of
masturbation between hormone-exposed and unexposed subjects (for ex-
ample, Yalom, Green, and Fisk 1973; Kester et al. 1980).11

Though the focus of this chapter is on the definitions used in the re-
search, rather than the findings of studies, some observations about find-
ings are unavoidable, and the data on masturbation provide a good point
of departure for discussing the problem of comparison data. As noted
above, brain organization researchers have generally avoided introducing
population-based data on sexual desire and behaviors, instead preferring
to compare hormone-exposed subjects to specific comparison samples.
Had scientists used larger and more representative comparison groups,
or even included reference to population-based data on the sexuality of
healthy men and women, it would have been difficult or even impossible
to maintain that masturbation was a completely “masculine” trait. But
even if they conceded that “normal” women masturbate, would they have
found that women with CAH masturbated more than “normal” women?
Interestingly, it is impossible to tell from the research reports, because even
the most detailed reports do not contain sufficient information to make a
comparison.

Table II in Ehrhardt, Evers, and Money’s 1968 study of late-treated
women with CAH illustrates this difficulty. Instead of frequencies for vari-
ous behaviors being presented separately, the data on sexual activities are
presented in a hierarchical manner, such that masturbation is discussed
only for women with no experience in sexual relations with any part-
ners. Furthermore, the data are presented in a dichotomous “ever” versus
“never” format, without frequencies. More recent data on sexual behavior
among women with CAH suggests exactly the opposite: women with this
condition are, if anything, likely to masturbate less (Zucker et al. 2004).
There will be more to say about that when I describe the later studies. For
now, let us return to the remaining ways in which scientists coded sexual
patterns as masculine or feminine in the early studies.

The Tricky Bits: Marriage and Milestones

Marriage, while not exactly a component of “frank” sexuality in the same
sense as erotic behaviors and attractions, has been treated as a signal of
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heterosexuality since the very earliest brain organization studies. Yet sci-
entists’ approach to marriage as an indication of masculine or feminine
brain organization has been complex. In the early studies of adult men
and women, being married was frequently used to signal heterosexuality
(Money, Ehrhardt, and Masica 1968; Lev-Ran 1974a, 1974b; Money and
Daléry 1976; Imperato-McGinley et al. 1979), and even core gender iden-
tity: “Marriage, when it is combined with romantic affection and falling in
love rather than being a perfunctory arrangement, is one manifest confir-
mation of gender identity” (Money and Ogunro 1974, 190).

Juliana Imperato-McGinley and colleagues’ (1979) well-known study of
people with 5-alpha reductase deficiency (5-ARD) provides a good exam-
ple of how marriage was used to confirm sexual orientation to women,
which in turn signaled masculine brain organization. In this intersex syn-
drome, genetic males have fetal androgen exposures within the normal
range, but are born with female-looking genitalia because additional sub-
stances required for genital development are deficient. Therefore, while
they are born with slightly ambiguous but more female-looking genita-
lia, brain organization theory would suggest that the brains of children
with 5-ARD have been masculinized. At puberty, adolescents with 5-ARD
undergo dramatic physical masculinization—the voice deepens, the penis
grows significantly, and facial and body hair becomes abundant.

Imperato-McGinley and colleagues (1979) used the fact of marriage
among men with 5-ARD as a gloss for information about sexuality, briefly
describing subjects as “initially anxious” and “fearing ridicule” from po-
tential sex partners, but ultimately sweeping this aside with the conclusion
that “15 of 16 subjects who changed to a male-gender role are either living
with women in common-law marriages or have lived with women in a
common-law relation” (1234).

Likewise, in the early studies of children, researchers presented both in-
terest in marriage and a “timely” interest in romantic relationships and
motherhood as feminine. For example, Ehrhardt and Money described
how girls who were exposed prenatally to progestins failed to display what
scientists considered to be the feminine attitude: “Five aspired to profes-
sional careers; two of these preferred career to marriage and motherhood
which they approached in a rather perfunctory way as something that
might or might not happen in the future” (Ehrhardt and Money 1967, 93).
Rather than this “perfunctory” approach, feminine sexuality was expected
to be accompanied by wedding fantasies and prioritization of marriage
over a nondomestic career (Ehrhardt, Epstein, and Money 1968). Slightly
later studies from Anke Ehrhardt and colleagues showed similar expecta-
tions about gender and interest in marriage. While still collaborating with
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John Money at Johns Hopkins, Ehrhardt had moved in 1970 to the De-
partment of Psychology and Pediatrics at the State University of New York
(SUNY) in Buffalo. There she began collaborating with Heino Meyer-
Bahlburg, with whom she has continued working to the present day. Their
earliest publications together concerned children exposed to the synthetic
progestogen medroxyprogesterone acetate (MPA), and proceeded from
the hypothesis that MPA would “antagonize androgen action,” resulting
in the feminization or demasculinization of behavior in girls and boys
(Ehrhardt, Grisanti, and Meyer-Bahlburg 1977; Meyer-Bahlburg, Grisanti,
and Ehrhardt 1977). The data showed very few differences between chil-
dren exposed to MPA and unexposed controls, but the reports are none-
theless informative about the investigators’ expectations regarding interest
in marriage. As part of a “cluster of behavior data [that] concerns toy pref-
erence and role rehearsal of becoming a mother in adulthood,” interest in
marriage was coded as feminine (Ehrhardt, Grisanti, and Meyer-Bahlburg
1977, 395; Meyer-Bahlburg, Grisanti, and Ehrhardt 1977, 389).

Conversely, scientists never mentioned marriage fantasy as a possibility
among the studies of boys, even in studies where they scrutinized boys
for evidence of feminization (Yalom, Green, and Fisk 1973). Scientists
consistently rated boys as more masculine for having more girlfriends,
rather than for having particularly serious relationships. Nonetheless, if
boys were actively hostile to the idea of marriage, this would be a strike
against their masculinity, too. Money and Lewis (1982), for instance, rated
boys’ “positive orientation toward marriage and parenthood” as mascu-
line (343).

Marriage, then, was a somewhat complicated indicator of masculine or
feminine sexuality in these early studies. Boys were expected to not express
an active interest in marriage, but as adults, men should be married in or-
der to confirm their heterosexuality. Girls and women, on the other hand,
were expected to approach marriage as a priority, actively fantasizing and
planning for it, as well as marrying when the time came.

Investigators’ hypotheses regarding the timing of sexual milestones is
another interesting feature of the early studies. Given that CAH, if un-
treated, results in “precocious virilizing puberty in the female” (Ehrhardt,
Epstein, and Money 1968, 160) as well as conventional though precocious
puberty in the male, the investigators seem to have expected that mascu-
linization would lead to psychosexual precocity as well: rather than noting
that girls were late to develop, they initially tended to comment that fetally
androgenized girls were not precocious. For example, girls with the early-
treated syndrome of CAH “did not show more childhood investigative cu-
riosity about sex than their matched counterparts” (163). In several dis-
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cussions, Money and Ehrhardt subtly employed data on nonhuman pri-
mates to indicate that earlier manifestations of sexual behavior would be
expected among masculinized females (Ehrhardt and Money 1967, 98;
Ehrhardt, Epstein, and Money 1968, 160; Money and Ehrhardt 1972, 88
and 100).

The hypothesis that “masculinizing” regimens would engender precoc-
ity was consistent across sexual as well as nonsexual outcome variables,
and for both androgen and progestogen exposures (see, for instance, Dal-
ton’s 1968 study of progesterone).12 By the time Money and Ehrhardt pub-
lished Man and Woman, Boy and Girl in 1972, they already had the “im-
pression that [fetally androgenized girls] are late in reaching the boyfriend
stage of development and in getting married” (Money and Ehrhardt 1972,
102). Still, when Yalom and colleagues (1973) examined estrogen-exposed
boys, and when Kester and colleagues (1980) looked at males exposed to
“female hormones,” they looked for delay in reaching sexual milestones as
a sign of feminization.

The Centrality of Object Choice

The importance of object choice (a concept that was not yet, at the time,
referred to as sexual orientation) in this early model is apparent from the
fact that investigators often reported early indications of object choice
even in studies of children, for whom they otherwise made few observa-
tions or speculations regarding sexuality and eroticism. The same year that
Ehrhardt, Evers, and Money published the report on sexuality and eroti-
cism among women with CAH whose treatment had commenced at later
ages, Money’s team also released the first report on gender identity and
related behavior among the girls with CAH whose treatment had be-
gun much earlier, usually in infancy (Ehrhardt, Epstein, and Money 1968).
The study’s main finding was that the girls were more likely to be “tom-
boys” than were girls in the comparison group (healthy girls chosen from
Baltimore public schools). Ehrhardt and colleagues were at some pains,
though, to emphasize limits to the girls’ tomboyism, especially concerning
sexuality and core gender identity. Driving home the point that same-sex
interest would be a clear sign of masculinization, they mentioned the lack
of such interest three separate times in this article—for example, “tom-
boyism in the adrenogenital girls did not, however, extend to erotic inter-
ests or sexual play. . . Their tomboyism did not include implications of ho-
mosexuality or future lesbianism, or a belief of having been assigned to the
wrong sex” (165). Note, however, that the investigators contrasted the
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kind of tomboyism observed in these girls with that observed in the late-
treated girls and women: “Their tomboyish traits included, in some cases,
homosexual fantasies and dreams and, in some few cases, frank bisex-
ualism” (166, emphasis added). In other reports, too, investigators’ consis-
tent attention to lesbianism even in its absence confirmed their idea that
orientation toward men is a critical marker of feminine sexuality.13

In their study of 5-ARD, Imperato-McGinley’s team explicitly identified
“sexual object of choice (the sex of the person chosen as an erotically in-
teresting partner)” as one of the four key criteria for evaluation of “sexual
behavior differentiation” into masculine or feminine patterns (Imperato-
McGinley et al. 1979, 1234). The other three included gender identity, or
self-concept as male or female; “sexual patterns,” in which they included
sex-related but nonsexual behaviors like aggression or occupation; and
sexual mechanisms, those “features of sexual expression over which an
individual has little control, which for men include the ability to obtain
and maintain an erection and to achieve orgasm.” The report’s narrative
showed that these four aspects were not equally ranked, though: next to
core gender identity as male, the number of mentions as well as the specific
context indicate that Imperato-McGinley and colleagues approached sex-
ual orientation toward women as the most important signal of brain mas-
culinization among subjects with 5-ARD. For example, “The change to a
male-gender role occurred either during puberty or in the post-pubertal
period, after the subjects were convinced that they were men (male-gender
identity) and were experiencing sexual interest in women.” Also, as noted
above, this team emphasized sexual orientation through their focus on
subjects’ marriages and common-law relations with women (1234).

With the advent of the case-control model in brain organization stud-
ies, the emphasis on sexual orientation was further amplified. Recall that
these are the studies where researchers begin with subjects whom they per-
ceive to be “psychosexually distinct” enough to suggest that they may
have been exposed to an early hormone environment that was unusual for
their sex. Brain organization researchers interpreted homosexuality as a
partial “sex reversal” in psychology, reflecting a cross-sex pattern in the
physical organization of the brain. Gunter Dörner was the earliest to state
this bluntly, suggesting that “homosexual men possess a predominantly
female-differentiated brain” (Dörner et al. 1975, 1).

Oddly, the overarching importance of sexual orientation is clearest in
the studies that focus on transsexuals. Although none of the case-control
studies reported information about sexuality other than sexual orienta-
tion, nearly all of the early case-control studies that focus on transsex-
uality (also defined as cross-sex gender identity) also report on sexual ori-
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entation (Dörner et al. 1976; Seyler et al. 1978; Boyar and Aiman 1982;
Dörner et al. 1983; Weisen and Futterweit 1983). (The only exception in
this regard is Goh, Ratnam, and London 1984.) In keeping with now-
outmoded clinical criteria that required anyone undergoing sex-change
surgery to demonstrate that they would be heterosexual at the end of the
process, investigators in all the early studies used sexual orientation both
to establish that the transsexual subject groups in these studies were “re-
ally” transsexual, and as a criterion for establishing the “normal,” sex-
typical status of individuals in the control groups. Describing female-to-
male transsexuals in a study of endocrine response to injected estrogens
(one of the “estrogen challenge” studies described in Chapter 5), for exam-
ple, Seyler and colleagues (1978) wrote that “sexual interest is directed to-
ward ‘straight’ women and they are not attracted sexually to homosexual
women” (177). Likewise, they stipulated that the men and women serving
as controls were “exclusively heterosexual in orientation” (177). (Interest-
ingly, this study seems to be unique in the brain organization literature for
treating attraction to heterosexual women as qualitatively distinct from at-
traction to lesbians. This suggests that the construct of sexual orientation
is more complex than simply attraction to a particular body type. Instead,
they imply it should be framed in terms of the ideal sexual partner’s own
sexuality and perhaps gender, instead of or in addition to the ideal part-
ner’s sex.)

The importance of sexual orientation in brain organization research has
intensified over time; since around 1980, the overwhelming majority of
studies have reported no actual sexual activities at all, relying only on in-
formation about sexual orientation to indicate masculinizing or feminizing
influences of hormones. Definitions changed over time, but sexual object
choice has remained the most constant aspect of masculine and feminine
sexuality, at least in theory. As Chapter 7 will demonstrate, however, the
actual measurement of sexual orientation is so different within various
studies that that this can’t be considered a stable variable either.

Summary: Masculine and Feminine Sexuality
in the Early Studies (1967–1980)

Figure 6.2 summarizes how characteristics of sexuality were interpreted
as either masculine or feminine in studies of human brain organization
through about 1980. Qualities that could be quantified were put on scales
with masculine at one end and feminine at the other: libido, number of
partners, and number of sexual positions enjoyed. Which end of the scale
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is which? Brain organization researchers almost always treated this issue
as though it goes without saying, and the simple rule was “male is more.”
More libido, more partners, more “versatility” in terms of actual posi-
tions, and more ways to be aroused were all a part of scientists’ ideal for
masculine sexuality. In contrast, there was scarcely any conceptual space
for autonomous feminine sexuality in these studies. Given that scientists
consistently interpreted behaviors such as initiating sex, expressing intense
physical desire, or masturbation as masculine, it is scarcely an overstate-
ment to suggest that sexuality itself was seen as a masculine trait. Female
sexuality—if not an outright oxymoron—was nonetheless thought to be
decidedly responsive rather than autonomous, requiring a masculine sex-
ual partner to move it from mere possibility to expression.

Around 1980 the sexual revolution began to have an effect on brain or-
ganization research. Or rather, that might be why things began to change
in the studies around that time. The crucial point here isn’t why they
changed, but that they did change—and sometimes quite dramatically. Sci-
entists still believed that androgens were crucial to the development of
masculine sexuality and damaging to feminine sexuality. But what went
under those general umbrella terms masculine and feminine—especially
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Figure 6.2. How brain organization researchers divided activities and desires into
masculine and feminine in the early studies, roughly 1967 through 1980.
*Penile-vaginal intercourse should be understood as a “meeting point” for masculine and
feminine sexuality in this model, not an overlapping element.



feminine—wasn’t stable. Broadly, scientists began to see “healthy” and
“normal” feminine sexuality as a more corporeal, active phenomenon
than they had previously thought.

Working Definitions, Take Two: Active Feminine
Sexuality in the 1980s and Beyond

What do women want? To this famously perplexing question, brain orga-
nization researchers have offered a simple answer: women want men.
From the start of these studies, sexual orientation to males has been the
most important indicator of a “feminine” sexual profile, and sexual orien-
tation to females has been the most important indicator of a “masculine”
sexual profile. The weight of sexual orientation has intensified over time:
since 1980 the great majority of studies that include any information about
sexuality have exclusively focused on sexual orientation, omitting mention
of any other aspects, such as libido, arousal patterns, and so on (for exam-
ple, Money and Lewis 1982; Dörner, Schenk, et al. 1983; Gladue, Green,
and Hellman 1984; Lindesay 1987; Hochberg, Gardos, and Benderly
1987; Ellis et al. 1988; McCormick, Witelson, and Kingstone 1990; Swaab
and Hofman 1990; Bailey, Willerman, and Parks 1991; LeVay 1991; Allen
and Gorski 1992; Bogaert and Hershberger 1999; Lalumiere, Blanchard,
and Zucker 2000; Titus-Ernstoff et al. 2003). But even when investigators
have conducted detailed sexual histories, their reports have followed the
example set in the earliest studies by John Money, Anke Ehrhardt, and
their various colleagues, in that sexual object choice has been the clear or-
ganizing principle of masculine and feminine sexuality.14 It is still standard
practice for brain organization studies to structure information on sexual
arousal and behaviors so that object choice is inseparable from most or
all specific information about sexuality (see Money and Mathews 1982;
Meyer-Bahlburg et al. 1984; Dittmann, Kappes, and Kappes 1992; Men-
donca et al. 1996; McCarty et al. 2006).

Depending on how you look at it, the focus on sexual orientation can
seem like either a mark of continuity in the way brain organization studies
have approached sexuality, or a signal of change. That’s because virtually
none of the other aspects of sexuality are treated in the same way during
the period before 1980 versus the period afterward. As the examples be-
low indicate, some things—arousal patterns and the timing of sexual mile-
stones, in particular—are simply dropped out of the framework of mascu-
linity versus femininity. To the extent that these aspects of sexuality are
mentioned at all in later studies, they are seen as “gender neutral” aspects
of the development of sexuality. Other aspects of sexuality have undergone
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an even more remarkable transformation, and this is where things get re-
ally interesting. High libido, multiple partners, and more varied and fre-
quent sexual activities are all treated as part of normal female sexuality in
more recent brain organization studies, even though each of these was pre-
viously interpreted as a masculine sexual pattern. As surprising as this is,
what is more surprising is that the changes have gone unnoticed. Some
readers might be tempted to simply say “Phew! Thank goodness they
changed that!” but it is not so simple. These changes seriously affect the
overall structure of the network of research, such that studies showing a
link between androgens and masculinized sexuality in the second period
are showing a link between androgens and feminine sexuality, according
to the definitions used in the first period.15 Like a shell game that has gone
on too long, not only the observers but also the people wielding the shells
seemed to lose track of what was underneath.

To appreciate the “new female sexuality” that appeared in the 1980s, it
is helpful to understand two key ways that brain organization theory had
been elaborated. As noted above, researchers had generally accepted by
then that estrogens, like androgens, contributed to male-typical sex differ-
entiation. During the 1970s, experiments with rodents began to indicate
that some aspects of male-typical behavior are not directly differentiated
by testosterone; instead, testosterone must first be converted (aromatized)
to estrogen in the brain.16 The important implication of this elaboration of
brain organization theory was that it gave a clear new paradigm for study-
ing estrogens as a potentially masculinizing agent for human sexuality.

Second, most scientists no longer worked from a behavioral paradigm
that looked at sexuality as one-dimensional, in which masculinity and
femininity occupy opposite poles of a single continuum. Another way of
thinking gained currency in the 1970s and is now (at least officially) more
favored than the idea that masculinity and femininity are trade-offs. It
had long been known that normal female animals routinely display both
“male-typical” and “female-typical” behaviors (and the same is true of
male animals), but this observation fit poorly with mid-twentieth-century
theories about human sexuality and gender, which assumed that “normal”
and healthy development involved either consistent masculinity or consis-
tent femininity. In 1974, psychologist Sandra Bem (1974) proposed the
“orthogonal” model, suggesting that masculinity and femininity are two
separate domains of personality and behavior. According to the orthogo-
nal model, any individual may be more or less masculine and, indepen-
dently of their masculinity, more or less feminine. The orthogonal view fit
well with animal data showing that normal male and female animals regu-
larly display both so-called male and female sexual behavior, but in differ-
ent proportions that vary by factors like species, breeding strain, and rear-
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ing conditions, in addition to early hormone exposures (Phoenix et al.
1959; Beach 1971; Goy and Goldfoot 1975).17

Figure 6.3 contrasts the bipolar (or one-dimensional) model with the or-
thogonal (or two-dimensional) model. Note that in both models, mascu-
linity and femininity may be seen as completely distinct domains—that is,
there are no traits that signal both masculinity and femininity. But the way
the properties of masculinity or femininity may be combined or absent in
any individual are quite different in the two models.
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Bem’s model specifically departed from the traditional psychological
“assumption that it is the sex-typed individual who typifies mental health”
and suggested that “in a society where rigid sex-role differentiation has al-
ready outlived its utility, perhaps the androgynous person will come to de-
fine a more human standard of psychological health” (1974, 162). Re-
search has tended to support this view, indicating that androgynous people
are better able to engage in “situationally effective behavior without re-
gard for its stereotype as more appropriate for one sex or the other” (Stake
2000; Shifren, Furnham, and Bauserman 2003; Lefkowitz and Zeldow
2006; Hunt et al. 2007). Brain organization researchers never picked up
the idea of androgyny as the apex of psychological health, and generally
didn’t credit Bem with the innovation, but both animal and human studies
mostly dropped the polarity model for an orthogonal model by the early
1980s (for instance, Arnold and Gorski 1984; Ehrhardt et al. 1984; Gooren
et al. 1984; Hines and Shipley 1984).

The orthogonal concept of masculinity and femininity appeared at
about the same time that the role of estrogen in sexual differentiation was
broadly accepted, and the two concepts were linked through the “two-
pathway” model of sexual differentiation. Scientists had observed that
hormone treatments did not evenly affect all sex-typed traits, including
components of mating behaviors (such as mounting versus lordosis). They
reasoned that male-typical sex differentiation required both the develop-
ment of masculine traits (masculinization) and the active suppression of
feminine traits (defeminization). Instead of sexual differentiation happen-
ing through one chain of neurochemical events (through androgen directly
stimulating masculine trait development and suppressing feminine trait de-
velopment), the new model suggested that differentiation could happen
through either androgen effects or estrogen effects.18

The change of model had particularly serious implications for the way
in which feminine sexuality was understood. In the old model, where mas-
culine was associated with active expression of sexual desire, higher libido,
more activities, and so on, it could seem very much as if moving toward
the feminine “pole” of sexuality meant moving away from sexuality itself,
toward a sort of sexual “null set.” The shift to an orthogonal model re-
quired positing female sexuality as a domain with content—not an ab-
sence of traits that men had, but an expression of traits that were typical of
“healthy” and “normal” women.

Let’s see how the changes play out in specific studies.

In 1982 John Money and Dana Mathews published a follow-up on an
early brain organization report that had focused on girls (Ehrhardt and
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Money 1967; Money and Ehrhardt 1972) who were exposed in utero to
progestins. Whereas the earliest reports of progestin-exposed girls had
suggested that these girls were “tomboys” (a complicated designation that
included erotic masculinization), the overall argument of this later study
was that “girls with a history of progestin-induced prenatal androgen-
ization” were not, as adults, “behaviorally different from women in gen-
eral” (Money and Mathews 1982, 81). In fact, the authors emphasized
that their findings “correspond to everyday criteria of what to expect from
teenaged girls and young adults in contemporary America” (81). This was
not especially surprising, because various human and nonhuman studies
since the 1967 report had produced complex and seemingly contradic-
tory information on the effects of prenatal exposure to progestogens (Dal-
ton 1968; Shapiro et al. 1976; Reinisch and Karow 1977; Ehrhardt and
Meyer-Bahlburg 1979). Further, though Money had been an important pi-
oneer in human brain organization research, he was always anxious to
note that the effects of early hormones were subtle and may even decrease
over time, provided gender socialization was relatively normal (Money
and Ehrhardt 1972).

So the findings themselves were not remarkable. The way in which
Money and Mathews arrived at their conclusions, however, was quite
another story, because they departed so dramatically from scientists’ ear-
lier expectations regarding aspects of sexuality and gender among normal
women. One of the clearest changes concerned the way they described sex-
ual arousal. Most of the women were “erotically responsive to the sight or
touch of the partner and also to reading narrative material of romantic
and explicit erotic content” (Money and Mathews 1982, 79). Further, they
experienced arousal primarily in the genital area. Here is where it gets in-
teresting: Money and Mathews characterized these responses as “stereo-
typically feminine sexual behavior” (82). Recall that just a few years ear-
lier, Money and colleagues had consistently characterized genitally focused
arousal, as well as arousal in response to visual or narrative material, as
“masculine” (Money 1965a; Ehrhardt, Evers, and Money 1968; Masica,
Money, and Ehrhardt 1971; Money and Daléry 1976).

This study was the last to describe subjects’ patterns of sexual arousal as
masculine or feminine. In fact, very few brain organization studies after
1980 mention sexual arousal at all, but even these do not indicate that
some kinds of arousal are feminine and other kinds are masculine. For ex-
ample, Meyer-Bahlburg and colleagues (1985) listed the relative frequency
of vaginal responsiveness as well as “nongenital sexual arousal” in a table
comparing DES-exposed women to women with abnormal Pap smears,
but did not in any way suggest that either genital or nongenital arousal is
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associated with a masculine or feminine pattern. What is most telling is
that after Money and Mathews’s 1982 report, scientists no longer referred
to the previous findings of “masculinized” or “feminized” arousal patterns
among subjects with anomalous hormonal histories, even in review or
background sections summarizing studies that explored arousal patterns
at length (for example, the review of CAH research in Dittmann, Kappes,
and Kappes 1992).

It is always worth noticing when a research finding that is considered
important in one period is no longer mentioned at all in a later period, be-
cause it signals a change in scientific thinking. Ideally scientists document
the changes in their thinking, so that other researchers and consumers of
the research can understand why they changed their approach, and to clar-
ify the relationship of early studies to those that come later. In this case,
though, students of brain organization research will search in vain for an
explanation of why arousal patterns have been dropped as a signal of mas-
culine or feminine brain organization.

Marriage and Milestones:
Outside the Frame of Gender

A change in the way sexual arousal was conceived is just one of several sci-
entific “turnarounds” regarding masculine and feminine sexuality patterns
that have not been accounted for in the scientific literature. Another aspect
of sexuality that was reframed in later studies is the timing of sexual mile-
stones. Recall that scientists had initially expected that “masculinized”
children would reach sexual and other milestones earlier (Ehrhardt and
Money 1967; Dalton 1968; Ehrhardt, Epstein, and Money 1968; Money
and Ehrhardt 1972). The hypothesis that androgens would lead to precoc-
ity was gradually dropped as evidence continued accumulating that chil-
dren exposed to exogenous hormones, as well as children with clinical
intersex conditions, were more likely to be delayed in sexual develop-
ment. Again, the 1982 study of progestin-exposed women by Money and
Mathews is interesting, less because of the findings than because of the
change in how the findings are framed. Earlier studies of “masculinized”
subjects had either reported some developmental precocity (Dalton 1968)
or had noted the absence of precocity (for example, Ehrhardt, Epstein, and
Money 1968), but in this report the investigators noted an absence of de-
lay in reaching milestones: “There were no reports indicating slowness in
arriving at the dating age, relative to age mates, and no evidence of dif-
ficulty in establishing a dating relationship with a boyfriend” (Money and
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Mathews 1982, 77, emphasis added). This is a signal that the hypothesized
effect of “virilizing agents” on the timing of milestones had shifted from
precocity to delay (see Tenhula and Bailey 1998 for a recent example of
this hypothesis, and similarly negative findings).

After that short transition, though, later studies have generally shifted
hypotheses about hormones and the timing of milestones to the extent that
they no longer fit a paradigm of sexual differentiation. Instead these stud-
ies are shaped around the expectation that “unusual” hormone exposures
may lead to developmental delay, regardless of whether the hormones
were masculinizing or not (for instance, Meyer-Bahlburg et al. 1984; Hur-
tig and Rosenthal 1987; Dittmann, Kappes, and Kappes 1992). An espe-
cially clear example of this comes from Meyer-Bahlburg and colleagues’
1984 report on psychosexual milestones in women who had been exposed
to DES prenatally. In this article the investigators did not describe the tim-
ing of physiological or psychological puberty in the familiar terms of mas-
culinization, feminization, defeminization, or any of the increasingly awk-
ward variants of those terms. Instead, they framed developmental delay as
an implicitly gender-neutral effect of the hormone exposure, effectively re-
moving this aspect of sexuality from the brain organization framework of
masculinization or feminization.

By retrospectively reframing all earlier research on the initiation of sex-
ual behaviors in this same gender-neutral language of timing and delay,
Meyer-Bahlburg and colleagues make the findings across time seem more
coherent than they are. Their description of Yalom, Green, and Fisk’s 1973
study of male adolescents with prenatal exposure to DES and/or pro-
gestogens is of particular note. In 1984 Meyer-Bahlburg and colleagues
discussed the Yalom group’s finding of “decreased sexual interest or activ-
ity” in the gender-neutral language of delayed psychosexual development
(Meyer-Bahlburg et al. 1984, 360). There are two reasons to question this
characterization. First, Yalom and his colleagues had interpreted the delay
of sexual development among hormone-exposed males not as a neutral
matter of timing, but as a sign of feminization. Second, in a 1977 article,
Meyer-Bahlburg’s team had likewise summarized the Yalom group’s find-
ings not as (gender-neutral) developmental delay but as “decreased hetero-
sexual experiences,” which suggested “an anti-androgenizing effect” (Meyer-
Bahlburg, Grisanti, and Ehrhardt 1977, 384).

Besides the Yalom group, only one other team had looked at timing of
sexual development in men prenatally exposed to DES and/or proges-
togens, and the fate of that study in later brain organization literature is
also troubling. Patricia Kester and colleagues (including Richard Green,
who co-authored the study with Irvin Yalom) had found that men prena-
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tally exposed to DES reported earlier initiation of sexual activities (Kester
et al. 1980). This was in keeping with ideas at the time, because DES had
been reconceived by then to be a masculinizing agent, and masculinization
was still expected to cause earlier sexual development. The study by Kester
and colleagues is still frequently cited, but their findings on sexual mile-
stones have sunk like a stone: I could not identify one subsequent brain or-
ganization study that refers to them.

Good for the Gander, Good for the Goose:
Libido and Sexual Activities

While arousal patterns and the timing of psychosexual development were
dropped from the masculine/feminine framework, other elements were
moved from one clear position to another. In each case, these elements
shifted from exclusively masculine to neutral—that is, to common ele-
ments of human sexuality that are shared by both “normal” men and
“normal” women. One study that provides an especially dramatic contrast
with the original picture of feminine sexuality is Meyer-Bahlburg and col-
leagues’ 1985 report, “Sexual Activity Level and Sexual Functioning in
Women Prenatally Exposed to Diethylstilbestrol.”

Citing animal evidence of defeminization secondary to prenatal DES
exposure, these investigators hypothesized that prenatally DES-exposed
women would be defeminized, specifically meaning that they would “have
lower levels of sexual interest, activity, and function than unexposed con-
trols” (Meyer-Bahlburg et al. 1985, 498). They indicated that their data
generally supported this hypothesis:

The DES women were found to have less well-established sex-partner rela-
tionships and less experience with child-bearing, to be lower in sexual desire
and enjoyment, sexual excitability, and orgasmic coital functioning. (497)

It is remarkable that these findings were presented in toto as defemin-
ization. An emphasis on strong relationships and childbearing had always
been seen as components of feminine sexuality, but earlier studies had
without exception framed lower rates of sexual desire, excitability, and or-
gasm, and lower number of partners, as the feminine expectancy, while rel-
atively higher rates were interpreted as evidence of masculinization. If any-
thing, consistency with the earlier definitions would suggest that these
DES-exposed women had been unmasculinized.

Here, a brief pause to consider the context of this study helps to make
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some sense of the stunning shift in definitions. First, there was the back-
ground factor of studies on DES in nonhuman animals. Animal research
had shown that in several species, estrogens “defeminized” or “mascu-
linized” behavior. So there were two possible hypotheses available for in-
terpreting differences between DES-exposed and unexposed women in a
way that would be consistent with current thinking in brain organization
studies: either DES would defeminize women’s behavior or it would mas-
culinize it. But once women were found to have fewer partners, fewer or-
gasms, less desire, and so on, there was only one choice that seemed to fit
the cultural, “commonsense” logic of sexuality. In this logic, it would be
truly unthinkable to interpret lower libido, fewer partners, and so on as
indicating “masculinization.” But in the post-sexual-revolution common
sense of 1985, it made a great deal of sense to view these elements as show-
ing an impairment of “normal” feminine sexual appetite, that is, defem-
inization. The problem, of course, is that the interpretation of the evidence
that looked perfectly reasonable from a “commonsense” standpoint looks
totally inconsistent when it is placed side-by-side with the interpretation
that would be dictated by previous studies’ definitions of female sexuality.

This same study also decisively shifted the status of two specific sexual
activities: masturbation and sexual night dreams. Researchers had previ-
ously consistently interpreted both masturbation and sexual night dreams
as more masculine activities. By explicitly including these activities among
those for which a lower rate indicates defeminization (see, for example,
table 3, 502), Meyer-Bahlburg et al. (1985) redefined masturbation and
sexual night dreams as part of normal feminine sexuality. As with higher
orgasm rates, higher libido, and so on, the researchers (apparently un-
wittingly) aligned their interpretations with cultural logic rather than with
the logic of scientific precedent.19

Very few studies in the period after 1980 assess specific sexual activities
other than penile-vaginal intercourse, but those that do follow the exam-
ple set by the DES studies of Meyer-Bahlburg and colleagues in discarding
the old notions of feminine sexuality. Ralf Dittmann’s work provides an
example of how the definitions of normal feminine sexuality shifted even
in studies that do not rely on the concept of defeminization. In his publica-
tions on a sample of German women with CAH (especially Dittmann,
Kappes, and Kappes 1992), Dittmann characterized women with CAH as
“masculinized” in comparison to their nonaffected sisters. While the scien-
tists’ interpretation of “normal” feminine sexuality in these sisters includes
many features that have been characterized as feminine since early brain
organization research (being in love, having long-term relationships with
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partners, and especially being attracted only to men), it also quite remark-
ably includes many features that were always characterized as masculine
in the early studies. The sisters with presumably “feminine” prenatal hor-
mone histories report more initiation of sexual relationships, more sex-
ual contacts, more orgasmic experiences, and more romantic/erotic night
dreams than the “masculinized” women with CAH. Yet all of these differ-
ences are presented as indication of “feminine” sexuality and taken to sup-
port the brain organization hypothesis! Similarly, more recent analyses of
sexual functioning and sexual activity in women with CAH either present
lower levels of sexual arousal, masturbation, and heterosexual intercourse
as “apart from” those aspects of psychosexuality that would be affected
by early androgens (Kuhnle et al. 1993), or they include the suggestion
or explicit interpretation that lower levels of arousal, masturbation, and
heterosexual activity may reflect brain masculinization (Federman 1987;
Mulaikal, Migeon, and Rock 1987; Zucker et al. 1996; Meyer-Bahlburg
1999; Zucker et al. 2004).

Figure 6.4 illustrates the newly expanded version of feminine sexuality
that showed up in brain organization research around 1980. Recall that in
the early studies, masculine and feminine sexuality have no overlap—they
occupy sharply bounded territories. In the later studies, there is a middle,
neutral zone. Certain aspects of the old model were retained in the new
model. Sexual orientation continued to intrigue researchers and to be the
most frequently investigated aspect of human sexuality. As before, sexual
orientation was treated as a master element, from which all important in-
formation about an individual’s sexuality could be inferred. Finally, when
investigators did focus on particular behaviors rather than sexual partners
(real or fantasized), penile-vaginal intercourse was always treated as the
pinnacle of sexual activity: usually it was treated as the only sexual activity
of interest.

But a great deal changed, too. As noted early in this chapter, the major
change between definitions in the first and second model of sexuality used
in brain organization research can be thought of as a migration of certain
elements from the exclusive domain of masculine sexuality into the neutral
zone, meaning that normal women are also expected to exhibit these
traits. The new norm after 1980 placed a relatively high value on the quan-
titative aspects of sex (libido, number of partners, frequency of sexual ac-
tivity) for both men and women. In this version of feminine sexuality, these
formerly masculine traits are now considered feminine, as long as the part-
ner or object of desire is male. Finally, masturbation and initiation of sex-
ual activity, once coded as unequivocally masculine, were later treated as
the expected norm among women.
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Implications: Bullet-Proofing the Theory

What, specifically, is wrong with the fact that brain organization research-
ers came to expect relatively high libido, frequent sex, multiple partners,
masturbation, sexual night dreams, and initiation of sexual activity from
sexually normal women? Updating their assumptions about feminine sex-
uality might seem to be a fairly straightforward matter of scientific prog-
ress—especially when the later model seems to fit better with contem-
porary women’s sexual behavior, and when many early studies of brain
organization have been criticized as sexist due to their outmoded assump-
tions. So why the critique? Aren’t the changes relayed in the preceding dis-
cussion a good thing? Unfortunately, as I noted before, it’s not that simple.
Newer and more complex conceptualizations of feminine sexuality may be
an improvement in abstract theory, but unfortunately they make it difficult
to grasp the meaning of research underlying brain organization theory. We
might read that two different studies have shown that prenatal androgens
“masculinize” women’s sexuality, but we can’t be confident that those two
studies are talking about the same thing—in fact, there’s a good chance the
studies directly contradict one another. My point is not that updating the
definitions is bad, but that updating the definitions has serious conse-
quences for how brain organization studies can be compared to see if the
theory is supported, on the whole, by the evidence.

It is important to be entirely clear about one thing: I do not believe that
scientists shifted definitions on purpose in order to make their favored the-
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ory look better. From the studies and from the interviews I conducted with
scientists, I am convinced that they are totally unaware of the transforma-
tion this key concept has undergone over time in their studies. As I noted
early in this chapter, these scientists—like most people, probably—tend
to think that masculine and feminine sexuality is a no-brainer. My sense
is that over time, as sexual-revolution ideas about women’s sexuality be-
came increasingly mainstream, scientists’ definitions changed without their
even realizing it. This was an especially comfortable and “natural”-feeling
change because of the ways that data on DES-exposed women seemed to
fit hypotheses with the newer definitions of feminine sexuality. But regard-
less of why the definition of feminine sexuality changes or whether scien-
tists are aware of it, once we notice the change, we have to acknowledge
that studies with different definitions of feminine sexuality generate irrec-
oncilable evidence about the theory.

According to the symmetry principles reviewed in the previous chap-
ter, studies with definitions that are starkly different or even contradictory
can’t be lumped together as evidence of how hormones affect feminine
sexuality. The general term feminine sexuality is used to gloss divergent—
and in some cases diametrically opposed—concepts in the research. This
level of departure from earlier definitions veers dangerously close to mak-
ing brain organization literally unfalsifiable. It begins to look as though
any difference from a comparison group could be interpreted as in keep-
ing with the idea that CAH-affected women are masculinized, or DES-
exposed women are defeminized, and so on. Further, because scientists
have not noticed the changes and confronted them directly, they have both
reinforced the notion that “masculine” and “feminine” sexuality are uni-
versal, timeless constructs and created the illusion of a seamless line of evi-
dence supporting human sexuality as hardwired by hormones.

In addition to the dramatic shifts in definitions for key constructs, scien-
tists have also sometimes failed to notice serious discrepancies between
specific studies and the actual predictions of brain organization theory.
One of the clearest examples is the study of DES-exposed boys by Yalom,
Green, and Fisk (1973). Yalom and colleagues’ hypothesis that estrogens
would have a feminizing effect was based on the notion that androgens
and estrogens are antagonists, and thus would have opposing effects on
development. As I noted earlier, this “sex antagonism” paradigm was in-
consistent with brain organization theory. (Recall that the theory at the
time concerned the “active” role of androgens in differentiating as mascu-
line; development as feminine was believed to be the default, not the result
of exposure to estrogens.) Moreover, the antagonism hypothesis had been
empirically refuted in many experiments from as early as the 1930s (Beach
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1971; Oudshoorn 1994). Yet as historian Marianne van den Wijngaard
(1997) has documented, sex antagonism held sway with a great many bio-
medical researchers through the 1960s and beyond. In fact, van den Wijn-
gaard has convincingly argued that the “consensus among scientists” that
androgens and estrogens were “carriers of biological maleness and female-
ness, respectively” was a potent factor in scientists’ readiness to accept
brain organization theory in the first place (37). It should not be surpris-
ing, then, though it is indeed disappointing, that in spite of its inconsis-
tency with brain organization theory at the time the study was done, and
its subsequent outright contradiction by studies that found DES to be a
masculinizing agent, Yalom and colleagues’ study continues to be widely
cited as supporting brain organization theory.20

The issue of citations, of which studies have “staying power” and which
do not, as well as which specific findings continue to be mentioned while
other findings—even in otherwise highly cited studies—disappear, is like-
wise important. For example, I noted that Kester and colleagues’ study is
still actively cited, but that the specific findings on the timing of psy-
chosexual milestones have literally disappeared from the literature. The
troubling possibility is that those findings have disappeared because both
Kester’s hypothesis and her findings of early sexual initiation among DES-
exposed men contradict both the theory and the evidence presented in
later studies. But instead of directly confronting and disputing the older
model (as is supposed to be the scientific norm for advancing knowledge),
scientists have replaced the previous conceptualization of masculine pre-
cocity/feminine delay by selective reference and reinterpretation of earlier
research. Again, I do not think that this practice has been deliberate; in-
stead I think it is a function of researchers’ searching the literature for find-
ings that seem “salient” when they are exploring their current hypotheses.
But the “cleansing” effect that it has on the scientific record is unhealthy,
because to eyes trained solely on the current literature and its character-
ization of the research trajectory, it makes brain organization research ap-
pear seamless, coherent, and ever-advancing—rather than characterized by
many dead ends, reevaluations, and continuing contradictions.21

To sum up the effect of shifting definitions on masculine and feminine
sexuality, scientists’ superficial certainty about these concepts masks both
an enormous amount of disagreement among them and a lot of change in
the concept of feminine sexuality over time. Their cavalier approach to
definitions of their key variables has led them to be conceptually sloppy,
and the result is devastating for the existing network of evidence about
brain organization. As we shall see in the next chapter, they also stub their
toes on their “commonsense” approach to homosexuality.
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c h a p t e r s e v e n

Sexual Orienteering

Orienteering, n. 1. The action of determining one’s position cor-
rectly. 2. A competitive sport in which runners have to find their
way across rough country with the aid of a map and compass.

Why are some people gay and other people straight? This ques-
tion is quite intriguing to some scientists, judging by the amount of

time and money they put into looking for evidence that hormones influ-
ence sexual orientation. And the public seems very interested, too, because
studies about the possible origins of homosexuality always get great news
coverage. But sexual orientation is notoriously difficult to define. So when
a headline proclaims, “Prenatal Environment May Dictate Sexual Orienta-
tion,” just what is it, exactly, that is said to have been dictated?1 Is it whom
someone desires? Whom one has sex with? What a person calls him or her-
self? Because these various aspects of sexuality don’t always point toward
the same orientation, it matters very much which one a scientist picks. In
this chapter, I’ll show that brain organization research on sexual orienta-
tion is fraught with internal contradictions. In particular, scientists’ ex-
tremely different ways of measuring “homosexuality” have contributed to
a network of studies that look convincing and mutually supportive on the
surface, but in fact are fundamentally at odds with one another.

In interviews, when I asked prominent scientists who study brain orga-
nization what they thought about various theories of sexual orientation,
most of them were uninterested in these questions. Dr. A, whom I intro-
duced in Chapter 6 by way of his comments on the “commonsense” differ-
ence between masculine and feminine sexuality, told me a story to illus-
trate his conviction that current theoretical work on sexuality is pointless



and distracting. Referring to the Klein Sexual Orientation Grid (Klein,
Sepekoff, and Wolf 1985), a measure that treats sexual orientation as
multidimensional and changeable over time, Dr. A’s comments show how
brain organization researchers filter out the complications that trouble sci-
entists in other fields:

Fritz Klein had some complicated grid for determining sexual orientation,
and [Dr. N], who was doing the bulk of these interviews, said, “You know,
these are all nice scholarly heuristics, but 99 times out of a hundred, listen to
the subject and they’ll tell you who they are.” You don’t run into too many
straight men who lie and say they’re gay. You may have some gay men who
will tell you they’re heterosexual, but not if they know that the confidentiality
of the project is high. And under questioning and interactions and inter-
change, as well as filling out questionnaires, if they’re consistent, we keep
them as subjects. If they check off straight and then they start checking off gay
and then they tell you straight and they tell you gay, we’re not sure what’s go-
ing on. We’re not sure if the person is just having fun with us, we’re not sure if
the person is themselves not sure of who they are, and when that would hap-
pen, we’d exclude them from participating further in the study. (Dr. A. inter-
view, January 21, 1999)

To Dr. A and Dr. N, who are among the most influential scientists in the
world studying biological influences on human sexuality, subjects who
give equivocal or contradictory answers to questions about sexual orienta-
tion are either obstructive or confused. Ironically, Dr. A’s admonition to
“listen to the subject” ends up being qualified by “if they’re consistent.”
Dr. A doesn’t consider the possibility that subjects’ hedging and ambiguity
reflect meaningful complexity—that the phenomenon of sexual orienta-
tion is complex and sometimes ambiguous. Instead, he thinks of sexual
orientation as a simple categorical trait—the objections of modern intel-
lectuals and old cranks like Alfred Kinsey notwithstanding, you can sort
people into discrete types. In this view, subjects who don’t fit the profile are
simply lying, or perhaps more charitably, self-deluded.

But in more than two decades of conducting sexuality research, I’ve
noticed that subjects sometimes object to questions when they feel forced
into unsatisfying choices to describe their sexuality. More often, they
struggle to provide the “right” answers, and this can lead to confusing and
contradictory responses. In fact, that’s one major reason to have multiple
questions that are supposed to assess the same thing—not to screen out
“bad” research subjects, but to screen out bad questions. Perhaps Dr. A’s
subjects hedge and equivocate because his questions or response categories
are not adequately nuanced. How much same-sex attraction or even expe-
rience is required to invalidate someone’s identity as straight, and vice
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versa? Such questions are literally out of the question in brain organization
research.

While other scientists vigorously debate what sexual orientation is and
how best to measure it, brain organization researchers almost never ad-
dress the fundamental questions involved. The majority of studies linking
early hormone exposures with human sexuality have focused primarily
or exclusively on sexual orientation—yet most brain organization studies
that are “about” sexual orientation either have not defined sexual orienta-
tion at all, or have used vague and contradictory definitions that often do
not agree with the measures scientists have used.2 In the last decade or so,
scientists who study prenatal hormones and sexual orientation have been
somewhat more likely to include definitions and even detailed information
on measures in their research reports, but most continue to simply declare
that their own definition is best, leaving the impression that measures are
mundane and predictable rather than plucked from a wide range of alter-
natives. However, as we shall see, the “quiet” disagreements among brain
organization scientists about sexual orientation are profound.

The point is not that some scientists choose the “wrong” measures for
sexual orientation. The point, instead, is that the measures they choose of-
ten put them at odds with one another. As a result, their studies just don’t
add up to the consistent findings about brain organization that are com-
monly claimed. In fact, a good many of the studies supposedly showing
that prenatal hormones influence sexual orientation contradict other stud-
ies that supposedly show the same thing. Between slippery measures and
other problems, such as illogical dose–response inferences about hormone
effects, the overall evidence that early hormones affect sexual orientation
is murky, at best.

This chapter focuses first on problems related to measurement and next
on inconsistent patterns of evidence in the studies. I am particularly inter-
ested in how scientists define homosexuality in this body of research, and
in the way measurement problems amplify some breaches in evidence that
appear when comparing the major subsets of studies. That is, some studies
start with hormones, and other studies start with endpoints (sexual orien-
tation). Somehow the evidence from all these studies should meet up, but it
does not. In part because researchers have very different notions of what
counts as homosexual (usually related to what measures will give “better”
results in the individual studies), it’s impossible to get the findings to align
in a way that supports brain organization theory.

I explore measurement of sexual orientation by focusing on three major
issues. First, what part of sexuality is sexual orientation? Some of the most
commonly identified elements include the sex of actual sexual partners;
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self-description as heterosexual, homosexual, or bisexual; the sex of the
people one falls in love with; and (the one that most scientists prefer) the
degree of desire for same- or other-sex partners. Moreover, is there a sin-
gle, definitive criterion, or do multiple aspects of sexuality constitute ori-
entation? Second, do scientists think of sexual orientation as being toward
men versus women, or toward one’s own sex versus the other sex? This
distinction might seem trivial, but it turns out to have major implications
for study design, because it determines which people are considered to
have similar versus contrasting sexual orientations. That is, are lesbians
like straight men, because both are attracted to women? Or are they like
gay men, because both are attracted to people of their own sex? The third
question involves issues of quantity: what are the cutpoints, or boundaries,
between heterosexuals, homosexuals, and bisexuals? How much interest
in or sexual activity with people of the same sex disqualifies someone from
a heterosexual orientation, and vice versa?

In the second part of this chapter, I again use symmetry principles to
think about how the findings in studies of sexual orientation align with
one another. My main strategy is to compare the two major kinds of brain
organization studies, cohort studies and case-control studies. As I de-
scribed in Chapter 3, quasi experiments like those used in human brain or-
ganization studies have to be judged together, not individually. With quasi
experiments, it is especially important to see if there is triangulation of
findings, meaning that evidence from studies with significantly different
designs should point in the same direction. Do the cohort studies (where
scientists begin with early hormone exposures, then investigate psycho-
sexual characteristics) point to similar conclusions as the case-control
studies (where scientists begin with “distinct” psychosexual groups, then
look for evidence that these subjects had different prenatal hormone expo-
sures)?3 As you will see, the very different pattern of measurement in the
cohort compared with the case-control studies is a key factor in judging
how the findings stack up across the two sets of studies.

After considering the overall pattern of findings, I return briefly to the is-
sue of generalizability. In research on sexual orientation and prenatal hor-
mone exposure, no one is really interested in the prenatal hormone histo-
ries of specific individuals who are gay or straight: people want to know
something about the mechanisms of sexual orientation development in
general. So the question of generalizability is a critical issue, and the ma-
jor question that must be answered is whether “homosexuality” in brain
organization research means the same thing as “homosexuality” outside
the lab.

Let us begin, then, with the basics: what is sexual orientation?
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Measurement Issue #1:
Constituents of Sexual Orientation

Sexual attraction? Behavior? Love? Identity? Sexual orientation is a great
example of a “commonsense” concept that seems fairly transparent, but
turns out to be complicated and slippery when you try to pin it down. And
deciding how to pin it down generally requires knowing why you want to
pin it down. In epidemiological work on HIV/AIDS, for instance, it is of-
ten more important to know what people actually do sexually than what
they would prefer to do. But that is not always the case. Depending on
one’s objective, it might be most important to understand how people
think of themselves (so that we can devise and target public health cam-
paigns in which people can “recognize” themselves), or to understand
what specific sexual practices they enjoy and value (so that we can help
them negotiate and maintain safe behaviors) (Young and Meyer 2005). So
just what is the best indicator of sexual orientation for brain organization
research?

It seems wise to begin by considering the experimental foundation for
brain organization studies, that is, to begin with the animal models for
sexual orientation. When scientists draw parallels between animal behav-
ior and human homosexuality, they nearly always make a series of as-
sumptions that draw a line between male-typical sexual behaviors and ori-
entation to females, on the one hand, and female-typical sexual behaviors
and orientation to males, on the other. Their reasoning goes like this:
in animals, masculinizing hormones lead to the development of “male-
typical” sexual behaviors, such as mounting. An animal who mounts re-
quires a partner who allows itself to be mounted (or, in the case of rodents,
facilitates a partner’s mounting by performing lordosis, raising the rump).
Because allowing a partner’s mount or performing lordosis is considered
“female-typical” behavior, scientists reason that an animal who exhibits
mounting is signaling a preference for female partners. An animal who
performs lordosis or allows another animal to mount it is taken to be sig-
naling a preference for male partners. (It’s worth knowing the fact that
normal animals of both sexes both mount and are mounted, and that
mounting behavior can be about other things besides sex, like play or
dominance. Certainly, mounting is much more common in males, and
lordosis or receiving mounts is more common in females, but even these
definitively masculine or feminine behaviors aren’t the sole purview of ei-
ther sex. This does not necessarily discredit the model, but it suggests that
characterizing even rodent sexual behavior in dichotomous “masculine”
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or “feminine” terms is a simplification that might foreclose other ways of
thinking about sexual variability.)

Researchers have long interpreted associations between masculinizing
hormone exposures (which, as you will recall from earlier chapters, can be
either androgen or estrogen exposures) and mounting behavior to mean
that masculinizing hormones lead to an orientation toward females, re-
gardless of sex. By the same reasoning, researchers suggest that feminizing
hormones (or a lack of masculinizing ones) lead to an orientation toward
males.

The chain of reasoning that equates male-typical sexual behaviors (espe-
cially mounting) to male-typical sexual orientation has been subject to
devastating critique (Byne and Parsons 1993; Fausto-Sterling 1985).
Briefly, as an animal model for human homosexuality, it is a logical error
to designate just one individual in a same-sex pair as “the homosexual”
(that is, a female who mounts, or a male who is mounted). Moreover, ac-
cording to this model, even male–female pairs can be interpreted as “ho-
mosexual” if a female mounts a male (a not too rare occurrence, even
among animals not experimentally treated with hormones). Of course, hu-
man homosexuality is not typically understood as the preference for par-
ticular behaviors or sexual positions, but is understood as a preference for
partners of one’s own sex. In response to such critiques, animal researchers
increasingly conduct studies that assess actual preference for female versus
male animals rather than testing for the display of certain “sex-typed” sex-
ual behaviors (Watabe and Endo 1994; Adkins-Regan 2002; Roselli, Lar-
kin, Resko, et al. 2004; Bodo and Rissman 2007).

A Closer Look at Animal Sexual Preferences:
Rams on the Down Low?

Unfortunately, some of the contexts in which animals are tested for “sex-
ual” preferences are still not necessarily good models for human sexual-
ity—for example, scientists might measure whether an animal spends
more time investigating bedding that has been used by male versus female
animals (Bodo and Rissman 2007), or simply spends more time “visiting”
male versus female animals when given the opportunity to approach teth-
ered conspecifics of either sex (Watabe and Endo 1994). Enormous as-
sumptions must be made to interpret these measures as sexual orientation.
For example, is time spent with a tethered female an indicator of sexual in-
terest in the female, or an indicator of some aversion to the male? These
are not the same thing, because the latter might just be conflict avoidance.
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The most stringent sexual orientation test that any team has used was de-
vised by Charles Roselli and his colleagues at Oregon State University
(Resko et al. 1996; Roselli, Resko, and Stormshak 2002; Roselli, Larkin,
Schrunk, and Stormshak 2004). Their three-part test for “male orienta-
tion” among rams consists of the following:

Only rams that would not mount estrous females in the preliminary tests sat-
isfied the criterion for entrance into the Sexual Preference Paradigm. . . .
Briefly, in November and December of the second year of life, rams were ex-
posed simultaneously to two restrained estrous females and two males that
were chosen at random for use. Rams that courted and mounted males in
preference to females during a 30-min test that was repeated at least three
times were classified as male-oriented. Male-oriented rams were given an ad-
ditional preference test 5 days before they were killed. Using these proce-
dures, we identified six males that would not mount females in the prelimi-
nary sexual tests, mounted males in a group setting, and mounted males in
preference to females in the sexual preference tests. (Resko et al. 1996, 121)

It turns out, though, that most, if not all, of these “male-oriented” rams
are having sex with ewes when the scientists aren’t looking. In a study that
was designed to test the relationship between successful reproduction (sir-
ing of lambs) and behavioral measures of “sexual performance,” 5 male-
oriented rams impregnated at least 330 ewes over 21 days, resulting in
more than 480 offspring.4 The number of ewes they impregnated and the
number of lambs sired fell roughly midway between the groups of rams
whose behavioral tests had classified them as “high performing female-
oriented” and “low performing female-oriented” (Stellflug, Cockett, and
Lewis 2006). In behavioral tests after breeding, only 3 of the 5 “male-
oriented” rams exhibited any sexual activity, and 2 of the 3 continued to
show a strong (though not exclusive) preference for mounting other rams.
Offering the understated conclusion that “individual sexual partner pref-
erence tests did not absolutely reflect the breeding performance of the
male-oriented rams,” the scientists speculated that aspects of the testing
environment differed sufficiently from the “competitive breeding environ-
ment” to make the preference test an imperfect predictor of rams’ mating
behavior (466).

There are two take-home messages from this brief discussion of animal
research on sexual orientation. First, it is not an easy task to come up with
good animal models for partner preferences, and much research focuses on
animals’ sexual positions rather than on preferred category of partners.
Second, even when sexual preference tests in animals focus on identifying
partner preferences, the preferences that look like a “stable, dispositional
trait” in one context look unstable and fluid in other contexts. (Of course,
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it’s not really clear which aspects of the context are relevant for inducing
different sexual behaviors in these rams. It’s tempting to speculate that
these rams, like an awful lot of humans, act differently when their aim is
procreation than when it is recreation. At any rate, given the number of
gay people who sometimes have sex with other-sex partners, and straight
people with same-sex partners, maybe the sheep is a better animal model
for human sexual behavior than we thought!)

What about humans? Social scientists and public health researchers who
study human sexuality spend a great deal of time discussing what counts
as sexual orientation, and debating how best to measure it (Klein, Sepe-
koff, and Wolf 1985; Laumann et al. 1994; Sell 1997; Solarz 1999; Young
and Meyer 2005). Some suggest it is best defined by the sexual attraction
or desires one feels, while others point to patterns of falling in love or pair-
bonding, the (physical) sex of sexual partners, the gender (masculinity or
femininity) of sexual partners, or even whether one identifies as straight,
gay, lesbian, or bisexual. At first blush, though, there seems to be much
greater consensus among researchers conducting brain organization stud-
ies. For one thing, they all agree that sexual orientation is a “status,”
meaning that what people do, or what they call themselves, might change,
but the basic character of their desires is fixed from a very early stage of
development. John Money, always an imaginative writer, explained the
difference between a status and sexual behavior via the elaborate example
of a “crazed sex-terrorist”:

The Skyscraper Test exemplifies the difference between act and status. One of
the versions of this test applies to a person with a homosexual status who is
atop the Empire State Building or other high building and is pushed to the
edge of the parapet by a gun-toting, crazed sex terrorist with a heterosexual
status. Suppose the homosexual is a man and the terrorist a woman who de-
mands that he perform oral sex with her or go over the edge. To save his life,
he might do it. If so, he would have performed a heterosexual act, but he
would not have changed to have a heterosexual status. (Money 1987)

Of course, the idea that sexual orientation is organized by early hor-
mone exposures depends on such a definition, because the notion of orga-
nization invokes a point of irrevocable commitment of structure or func-
tion in the developing organism. Importantly, the reverse is not true—that
is, thinking of sexual orientation as a status that is stable from very early in
life does not depend on any particular theory about how sexual orienta-
tion develops. Thus, it is not the case that skeptics of brain organization
theory necessarily reject the idea that sexual orientation is a status. In any
case, let us turn away from this single point of agreement among brain
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organization researchers to consider their many points of disagreement
about what sexual orientation is.

If “Kinsey 5” Was the Answer,
What Was the Question?

A common measurement tool that helps maintain the illusion of broad
agreement among scientists is the familiar “Kinsey Scale.” Kinsey rated
men’s “psychologic reactions and overt experience” as follows:

0 Exclusively heterosexual with no homosexual
1 Predominantly heterosexual, only incidentally homosexual
2 Predominantly heterosexual, but more than incidentally homosexual
3 Equally heterosexual and homosexual
4 Predominantly homosexual, but more than incidentally heterosexual
5 Predominantly homosexual, but incidentally heterosexual
6 Exclusively homosexual.(Kinsey, Pomeroy, and Martin 1948)

Investigators generally write as though “Kinsey scale” fully explains a
method of assessing sexual orientation. Yet a Kinsey scale is a format for
answers; it does not explain what questions were asked. There are in fact
many different kinds of questions that one might ask about sexual orienta-
tion and answer with a Kinsey scale. Kinsey intended the scale to reflect
the heterosexual–homosexual balance in people’s sexual activities and re-
sponses. It was not meant to be a tool for rating people per se. In fact,
Kinsey was adamantly opposed to the use of the terms heterosexual, bisex-
ual, or homosexual to refer to people, in part because he thought it implied
a biological basis for homosexuality, which he thought was an extremely
silly theory. Historian Stephanie Kenen has wryly observed that “Kinsey’s
rating scale was not a resounding success” in this regard, because “the rat-
ings themselves have become reified categories of identity, and references
to ‘Kinsey 4s’ and ‘Kinsey 6s’ are not uncommon in popular parlance or
scientific literature” (Kenen 1997, 208–209).

Alfred Kinsey has posthumously lost the battle over using his famous
scale to rate people, rather than behaviors, as homosexual versus hetero-
sexual, but there are still many questions to resolve among those who use
the scale to rate people. Which aspects of sexuality are most interesting
and important? Brain organization researchers strenuously disagree about
this, and various scientists have chosen many different dimensions to mea-
sure with Kinsey scales, such as
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Sexual behavior (have sexual contacts been with men, women, or
both?) (e.g., Lindesay 1987)

Identification with a particular sexual orientation term such as homo-
sexual, bisexual, or heterosexual (e.g., Holtzen 1994)

Sexual fantasies (are they about men, women, or both?) (e.g., Bailey,
Willerman, and Parks 1991)

Composite assessments of night dreams, day dreams, erotica, masturba-
tion fantasies, sexual attractions, and sexual partners (e.g., Meyer-
Bahlburg et al. 2008)

All this variety is often obscured by the simple notation that a study
“employed Kinsey scales to rate subjects as homosexual, heterosexual, or
bisexual.” Reading beyond the studies that employed Kinsey scales, the
manifestations of sexuality that count as sexual orientation continue to
expand. For example, John Money saw sexual orientation as comprising
multiple dimensions, but believed that romantic love rather than sexual
behaviors, fantasies, or even sexual attraction or arousal was “the defin-
itive criterion of homosexual, heterosexual, and bisexual status” (Money
1987).

Even the most widely accepted definition of sexual orientation as “sex-
ual attraction” to a certain category of partners does not resolve the issue,
because opinions differ about the best indicator of sexual attraction. An
excellent example of disagreement about measuring sexual attraction is
found by contrasting Dr. A, mentioned above, with Michael Bailey, an-
other prominent psychologist who does brain organization research. Re-
call that Dr. A suggested that people can “tell you who they are,” so this
would suggest you could also simply ask people if they are attracted to
men, or women, or both. Bailey, though, believes that measures of physio-
logical arousal are superior. In a study that made the front page of the New
York Times, Bailey’s team, led by graduate student Gerulf Rieger, com-
pared subjective attraction to a measure of physiological response (Rieger,
Chivers, and Bailey 2005).5 The team had advertised for “‘heterosexual,’
‘bisexual,’ and ‘gay’ men for a paid study of sexual arousal,” and men who
volunteered “were asked about their sexual attraction toward men and
women” as well as “their sexual identity as straight, bisexual, or gay”
(580). Each man was then tested with a penile plethysmograph, which in-
volves showing the man explicit sexual images while measuring his penis
to detect circumference changes associated with erection. The stimuli in
this study were four short erotic films, two of which showed two men hav-
ing sex with each other, and two of which showed two women having sex
with each other. (To avoid confusion regarding which person in the film
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was arousing to the research subjects, the scientists did not use films of
men and women having sex together.) As expected, the men who said they
were attracted to men were more aroused by pictures of men, and the
men who said they were attracted to women were more aroused by pic-
tures of women. But the men who said they were attracted to both men
and women, instead of showing arousal patterns that were intermediate,
mostly showed more erectile response to the male images (a few mostly
showed response to the female images). Bailey concluded from the study
that “in men there’s no hint that true bisexual arousal exists, and that for
men arousal is orientation” (quoted in Carey 2005).

This study got a great deal of attention, but very little of it was critical
(for exceptions, see the letter by Barker, Iantaffi, and Gupta [2006] and the
comments by Fritz Klein, Gilbert Herdt, and Randall Sell in Carey 2005).
It provides a dramatic example of the variety of measures that are avail-
able even for apparently obvious aspects of sexual orientation like “erotic
attraction.” It also shows how subtle inconsistencies between abstract
definitions and concrete measures slip into studies. Bailey’s comment that
“arousal is orientation” omits other aspects of orientation that he and his
co-authors identified when they wrote: “Sexual orientation refers to the
degree of sexual attraction, fantasy, and arousal that one experiences for
members of the opposite sex, the same sex, or both” (Rieger, Chivers, and
Bailey 2005). What is the justification for dropping out subjective at-
traction and fantasy? The report also begs the question of choosing be-
tween different measures for the same aspect of orientation—in this case,
arousal. That is, even if we could agree that arousal is the most important
or “core” aspect of orientation, Bailey’s team doesn’t offer any rationale
for judging the physiological measure to be the best indicator of arousal.
By what criterion is blood flow to the penis a better indicator of desire
than someone’s subjective sense of arousal? One reason to question the as-
sertion that the physiological measure is superior is that more than a third
of the men in the study did not have enough erectile response to the films
to be classified as aroused at all (581). Does this mean that one-third of
men who believe that they are either heterosexual, gay, or bisexual actually
have no sexual orientation? That seems to be an absurd conclusion. A test
that provides interpretable results only for two-thirds of healthy, normal
subjects is problematic, to say the least.

And it’s not necessarily the case that a “better” physiological measure is
the answer to this problem. Biologically oriented researchers have tended
to invest great faith in physiological measures as superior, but this requires
justification. In particular, the subjective sense of arousal may be a better
predictor of other aspects of sexual orientation (such as actual sexual pair-
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ings or love relationships). In fact, there was a second measure of arousal
that was overlooked when the study was reported in the popular press.
Men were directed to move a lever in response to their own sense of sexual
arousal while watching the films. By this measure, bisexual men’s arousal
actually matched quite well with their self-reported patterns of attraction
and identity. Other researchers have found that self-described orientation
correlates well with “implicit” measures that, like the physiological mea-
sure here, “reflect immediate reactions that may not be available to intro-
spection” (Snowden, Wichter, and Gray 2008).

Finally, think back to the sheep for a moment. It is possible that some as-
pect of the testing context (such as the specific images chosen, the types of
sexual activity portrayed in images that included men versus women, and/
or the fact of being watched by the scientists running the experiment)
made attraction to men more salient for the bisexual subjects. Recall that
the images of women were of women having sex with each other. Perhaps
bisexual men generally have less interest in “lesbian” imagery than hetero-
sexual men do. (I have no idea if that’s true.) The point is that context and
subjectivity matter to sexuality, and the attempt to get around subjectivity
in order to “drill down” to a more valid substrate is misguided. This is a
point I take up in the final chapters. For now, let’s return to how sexual
orientation is measured in brain organization studies.

Getting Real: Sexual Orientation
as Multidimensional

Many brain organization researchers ask about more than one aspect of
sexual orientation in their studies. Treating sexual orientation as multidi-
mensional fits more closely with the data on sexuality from social science
and public health research, in which the most commonly assessed aspects
are the gender of actual sexual partners (“behavior”), the gender of ideal
sexual partners (“fantasy”), and self-identification as homosexual, hetero-
sexual, or bisexual (“identity”) (Sell and Becker 2001; Laumann et al.
1994).6

The reason for assessing multiple dimensions, of course, is that many
people’s sexual orientation does not neatly line up across all the different
possible aspects of this phenomenon. Take a look at the Venn diagrams in
Figures 7.1 and 7.2. The data are from the National Health and Social Life
Survey (Laumann et al. 1994), one of the largest and most comprehensive
sexuality surveys conducted to date in the United States. Each of the dia-
grams shows how three aspects of sexual orientation (behavior, fantasy,
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and identity) are related in people who reported any kind of same-gender
sexuality as adults. The most important thing to notice is the small shaded
area at the center of each diagram. This area shows the proportion of peo-
ple for whom all three aspects of sexual orientation align: just 15 percent
of the women and 24 percent of the men indicated sexual desire for same-
gender partners, and sexual activity with at least one same-gender partner
in adulthood, and also consider themselves to be either homosexual (in-
cluding equivalent terms such as gay or lesbian) or bisexual.7

These are also the most common dimensions of sexual orientation as-
sessed in brain organization studies, both those that rely on just one di-
mension and those that ask about two or more dimensions. Note, though,
how differently this team of sociologists perceives their finding of discrep-
ancy among the various dimensions of sexual orientation, compared with
the researchers (usually psychologists) who conduct brain organization
studies. Laumann and colleagues approach the discrepancy itself as the
phenomenon of interest, rather than as “noise” to be eliminated. In other
words, they measure multiple dimensions in order to answer the question
“How are these three aspects of homosexuality related?” (1994, 298).
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Further, they use their analysis of continuity and divergence among the
three aspects as an opportunity to reflect on various ways that “homosex-
uality is both organized as a set of behaviors and practices and experienced
subjectively” (300). They are also attentive to the way that the subjec-
tive experience of sexuality is, at least in certain respects, responsive to the
social environment, noting that “the group of people who report behav-
ior and desire but not identity is quite small among the men but fairly siz-
able among the women, comparable to the women who had sex partners
but nothing else and to those who exhibit all three characteristics. This
may indicate a slightly lower threshold of homosexual and bisexual iden-
tity among men than among women. This would fit with the historically
greater visibility of gay men as opposed to lesbians” (300). Finally, they
sensibly suggest that at least some of the discrepancies they find are related
to their own manner of questioning: “Not surprisingly, since these ques-
tions are asked in different places [in our survey] and in different ways
(face-to-face vs. self-completion, directly vs. indirectly, etc.), there were
some inconsistencies between responses” (298 n. 17). Accordingly, Lau-
mann and colleagues firmly endorse multidimensional assessments:
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While the measurement of same-gender practices and attitudes is crude at
best, with unknown levels of underreporting for each, this preliminary analy-
sis provides unambiguous evidence that no single number can be used to pro-
vide an accurate and valid characterization of the incidence and prevalence of
homosexuality in the population at large. In sum, homosexuality is funda-
mentally a multidimensional phenomenon that has manifold meanings and
interpretations, depending on context and purpose. (301)

Some brain organization studies do use multidimensional measures (for
instance, Ehrhardt et al. 1985; Dittmann, Kappes, and Kappes 1992; Mc-
Carty et al. 2006; Meyer-Bahlburg et al. 2008), but the rationale and exe-
cution behind such assessments is quite different. Rather than seeking to
explore the patterns and meanings of same-sex orientation that multiple
measures can reveal, brain organization researchers assess more than one
dimension exclusively to increase their ability to detect any same-sex eroti-
cism. I explore problems with this approach further along in this chapter.
Meanwhile, it is also fairly common for scientists to agree in principle with
the idea that sexual orientation is multidimensional, but to omit certain di-
mensions when they measure the construct, or when they conduct their
analyses (as the study of arousal among bisexual men discussed above il-
lustrates). In such cases, the working definition remains one-dimensional
(for instance, Ellis et al. 1988; Reite et al. 1995; Bailey, Willerman, and
Parks 1991). For a study testing the relation of hormones and sexual ori-
entation via maternal stress, for example, Bailey and colleagues (1991)
measured both behavior and fantasy, but dropped the behavior measure.
As justification, they cited a theoretical article by John Money (1987) to
support their assertion that “sexual fantasy is more closely linked to the
concept of sexual orientation than is sexual behavior” (Bailey, Willerman,
and Parks 1991). Money actually pointed not to fantasy but to falling in
love as the key factor; in any case, why ask about sexual behavior if you
don’t use the information?

Just as some criteria are frequently dropped out, other criteria are some-
times slipped into the measure without acknowledgment, because of the
ways subjects are recruited into studies. Several highly cited studies by
Gunter Dörner (Dörner, Rohde, et al. 1975, 1976, and 1983; Dörner et al.
1980; Dörner, Schenk, et al. 1983) demonstrate this problem. In one study,
Dörner explicitly asserted that sexual orientation is desire (being “sexually
excited by another male”) and sexual experience (a “homosexual” has
“unambiguous homosexual behavior since puberty”), and implicitly sug-
gested that it is role in sexual activity (a homosexual man is one who is
“receptive” in intercourse, or exhibits some other human homologue of
“female-like” sexual behavior as it is experimentally manipulated in rats)
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(Dörner, Rohde, et al. 1975). These components of orientation are not
equivalent, and are independent: men can be sexually excited by other men
and be sexual “tops” or be sexually versatile (preferring an insertive role in
intercourse or having no role preference); and men can be sexually excited
by other men but have sexual experiences only with women. In practice,
Dörner has never assessed specific position or activity preferences. More-
over, his recruitment procedure relied heavily on referrals from clinicians
who deal with various “sexual problems” (therapists, sexologists, and
venerologists, and so on). He thereby included “having sexual problems”
as one of the unstated criteria for being classified as a “homosexual” in his
studies.8

To be fair, it is difficult to address measurement issues adequately within
the page limits of a typical journal article, and in recent years brain organi-
zation researchers have been much more likely to publish monographs
that do address the definition and appropriate measures for sexual orienta-
tion (Wilson and Rahman 2005; Bailey 2003; LeVay 1996). Unfortunately,
though, even in these lengthier treatments, there is a tendency for scientists
doing brain organization research to make their arguments in a manner
that is more like advocacy than like science (see the discussions below
about choosing boundaries between homosexual and heterosexual sub-
jects, and generalizability of definitions).9 Meanwhile, in the brain organi-
zation studies themselves, investigators tend to sweep measurement issues
aside as either unimportant or already settled.

Measurement Issue #2: Framing

There are two basic ways to frame sexual orientation for a study. The first
possibility is to conceive of someone’s sexual attraction being directed
toward women (gynephilic), men (androphilic), or both. The second possi-
bility to is conceive of attraction as being toward one’s own sex (homo-
sexual), the other sex (heterosexual), or both (bisexual). For many pur-
poses, it might not make a big difference whether you use a gynephilic/
androphilic frame or a homosexual/heterosexual/bisexual frame, but in
brain organization research the choice is critical. This is because the frame
determines how people are grouped to reflect similar versus different sex-
ual orientations in studies. Those groupings, in turn, matter when you are
looking at multiple studies to see whether the findings are consistent.

In the gynephile/androphile frame, heterosexual men and lesbians have
similar orientations, and gay men and heterosexual women have similar
orientations. In the homosexual/heterosexual/bisexual frame, gay men and
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lesbians have similar orientations (both are attracted to people of the same
sex as themselves), as do heterosexuals of both sexes (attracted to people
of the other sex), and bisexuals of both sexes (attracted to both same-sex
and other-sex partners). This simple difference is illustrated in Figure 7.3.

The first thing to recognize is that the androphile/gynephile frame is the
one that is implicit in the theory of brain organization. It is easiest to un-
derstand this by considering how some scientists think of the “representa-
tion” of sexual orientation in the brain, and how this line of thought is
connected to research in other animals. Not all traits that are thought to be
organized by early hormone exposures are credited with corresponding to
distinct or “dedicated” brain areas, but sexual orientation often is. Mi-
chael Bailey (2003) is among the prominent researchers who have specu-
lated that there is a specific “sexual orientation center of the brain” that
differentiates as masculine or feminine under the influence of early hor-
mones (but compare LeVay 1996; see also Morris et al. 2004; Rahman
2005).10 As Bailey explains it, “If [the sexual orientation center] is mascu-
line, then attraction to women results. If it is feminine, then attraction to
men results. Thus, both straight men and lesbians would be expected to
have masculine sexual orientation areas, and gay men and straight women
to have feminine areas” (Bailey 2003).

As support for this idea, Bailey and others appeal to research in nonhu-
man animals. Manipulation of early hormone exposures affects various
mating and courting behaviors in a range of species. Furthermore, manip-
ulating hormones during development, as well as removing or damaging
certain brain areas, indicates that specific neural areas, especially parts of
the hypothalamus, are necessary for various components of sexual activity
and interest in infrahuman animals. And in sheep, one of the few animals
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in which natural variations in partner preference have been studied, the
size of a cell group in the hypothalamus seems to vary according to both
sex and partner preference (in general, the area is larger in rams than in
ewes; but larger in “female-oriented” rams than in “male-oriented” rams)
(Roselli, Larkin, Resko, et al. 2004). Given the complexity and context-
dependence of ram “sexual orientation” that I discussed earlier, it is not
entirely clear what this cell group signifies. Moreover, interspecies differ-
ences are important, making easy extrapolation from animal experiments
to human sexual orientation impossible. Simon LeVay has pointed out an
especially useful contrast for understanding the difficulty:

In rats, for example, lesions in the medial preoptic area interfere with mount-
ing but leave the male rat with some interest in estrous females. They behave
as if they still want to do something with the female but have forgotten what
it is. In primates, on the other hand, even quite small lesions within the me-
dial preoptic area can cause males to lose all interest in estrous females; they
still have a sex drive (as evidenced by their continuing to masturbate), but
they seem to lose any notion that females offer a means to satisfy it. (LeVay
1996, 134)

Whether based on behavioral displays or on partner preferences, the an-
imal research on the “organizing” effects of hormones always employs a
gynephile/androphile frame for sexual orientation. But psychologists and
other scientists often frame human sexual orientation differently. Consider
the definition offered by Martin Lalumiere and colleagues (2000) in a
review and reanalysis of data on handedness and sexual orientation: “a
person’s erotic preference for opposite-sex individuals (heterosexuality),
same-sex individuals (homosexuality), or both (bisexuality)” (575). Figure
7.3 showed how this “homosexual” versus “heterosexual” framework is
different from the androphile/gynephile framework. Figures 7.4 and 7.5
show how each of these frameworks requires a different developmental
model for relating early hormones to the development of sexual orienta-
tion. Figure 7.4 shows the original model using the gynephile/androphile
frame, which does not depend on the sex of the developing individual—the
same model applies to males and females. In Figure 7.5, the sexual orienta-
tion variable is framed as “homosexuality versus heterosexuality.” In this
case, to fit with brain organization theory, there must be two different
causal models: one for females, and one for males. Exposure to mascu-
linizing hormones supposedly leads to homosexuality for women, but a
lack of exposure to masculinizing hormones is purported to cause homo-
sexuality in men. Only bisexuality (among those investigators who allow
for this category of orientation) has a similar model for males and females:
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hormone exposures that are partially, but not completely, masculinizing
are thought to underlie bisexuality in both males and females.

And here’s where the trouble begins. Remarkable as it seems, some sci-
entists studying brain organization have completely failed to appreciate
the implications of alternative ways of framing sexual orientation. Begin-
ning with some of the studies on prenatal stress in the 1980s (Rosenstein
and Bigler 1987; Ellis et al. 1988) and continuing with studies of handed-
ness and other markers of brain lateralization (for example, McCormick,
Witelson, and Kingstone 1990; Holtzen 1994; McFadden and Champlin
2000), a significant subset of studies have employed the terms homosexual

Brain Storm p 162

Figure 7.4. Original model of brain organization, which uses the gynephile/an-
drophile frame.



and heterosexual as if they represented the same phenomenon in women
and in men—that is, they switch to the homosexual/heterosexual frame.
Yet they do not seem to grasp that this changes how one would model the
influence of hormones on sexual orientation, and this leads them to either
misinterpret earlier research or design studies that are at odds with the
main thread of brain organization. Ellis and colleagues (1988), for exam-
ple, interpreted animal data on stress to suggest that maternal stress during
pregnancy “interfere[s] with fetal production of various sex hormones, es-
pecially testosterone. . . . Should this disruption occur when crucial brain
parts controlling sexual orientation are being sexually differentiated, per-
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manent inversions could occur” (153). In the remainder of their discussion
of animal experiments, they explicitly noted that the studies concerned
male rodents, but they structured their own study “to determine if mater-
nal stress during pregnancy was predictive of sexual inversions [i.e., homo-
sexuality and bisexuality]”—without regard to sex. They proceeded to
construct identical hypotheses regarding an association between prenatal
stress and sexual orientation for both men and women.

McCormick, Witelson, and Kingstone (1990) ran into the same prob-
lem, but from a different angle. In their literature review, they noted that
higher androgens in CAH women are related to “higher ratings of homo-
sexual behavior” and contrasted this with CAH men, in whom androgens
are also increased but “homosexual behavior was extremely rare” (70).
Yet brain organization theory predicts that high androgen exposures in
both CAH women and CAH men will lead to an orientation toward fe-
males (gynephile orientation). Using the “homosexual versus heterosex-
ual” frame, McCormick and colleagues conclude that the hormonal mech-
anism for development of sexual orientation is different in men and
women. Of course, if they had used the androphile/gynephile way of fram-
ing sexual orientation, they would have interpreted the data to indicate
that the mechanism is identical in men and women.

Many researchers seem to unwittingly shift theoretical frames as a result
of simply linking “atypicality” on two variables—like sexual orientation
and handedness, or sexual orientation and prenatal stress. Reasoning that
homosexuality is an atypical orientation, they advance the generalized pre-
diction that homosexuals are also likely to be atypical on the second vari-
able. But when researchers fail to differentiate male homosexuality from
female homosexuality, they end up (implicitly or explicitly) hypothesizing
that both male and female homosexuality are influenced by the same type
of atypical hormone exposures (Rosenstein and Bigler 1987; Ellis et al.
1988; Gladue and Bailey 1995b).11 Of course, this does not fit either with
the animal research on hormones and sex-typed behavior or with the usual
predictions and interpretations of the human “cohort” studies of brain or-
ganization, all of which argue that exactly the opposite type of hormone
exposures would lead to male versus female homosexuality. Yet these stud-
ies are folded into the brain organization literature as if they concur with
studies that use the exact opposite model.

Studies that link sexual orientation with prenatal stress and/or handed-
ness are particularly problematic in this regard. The main tension between
these studies and other brain organization research is disagreement about
whether homosexuality in men would be related to higher or lower testos-
terone during development. The cohort studies (as well as virtually all ani-
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mal studies on sexual behavior and partner preferences) proceed from the
assumption that lower than typical testosterone would lead to male homo-
sexuality. But because left-handedness is slightly more common in men, it
is generally thought that higher than typical levels of testosterone lead to
left-handedness. Thus, studies on various aspects of lateralization intro-
duced a murkier set of predictions—so murky, in fact, that quite a few sci-
entists doing this work have been unable to sort them out.12

Linking male homosexuality and left-handedness through prenatal hor-
mone exposures requires a model that involves lower than typical testos-
terone during the critical period when sexual orientation is thought to
develop with higher than typical testosterone during the period when
handedness develops. Norman Geschwind and colleagues (Geschwind and
Behan 1984; Geschwind and Galaburda 1985a, 1985b, 1985c) proposed
that rodent studies of neuroendocrine response to prenatal stress could re-
solve this difficulty. As you may recall from earlier chapters, intense stress
has been shown to create a brief surge in testosterone, followed by a long-
term drop to levels much lower than normal; consequently, male rats sub-
jected to prenatal stress exhibit more-feminine sexual behaviors (Ward
1972, 1984). Geschwind and colleagues suggested that intense stress dur-
ing the early prenatal period could provide a mechanism whereby gay
men (whose sexuality these scientists considered to be “feminized”) would
nonetheless exhibit the “hypermasculine” characteristic of increased left-
handedness. (This solution, of course, requires exquisite timing, and relies
upon a developmental sequence in terms of specific critical periods that
was purely hypothetical when proposed, and remains so.)

The elaborate wedding of theories proved to be popular, but confusing.
Of the first ten studies of lateralization and homosexuality, five included
basic errors in their descriptions of the main theories they drew on (Linde-
say 1987; McCormick, Witelson, and Kingstone 1990; Marchant-Haycox,
McManus, and Wilson 1991; Becker et al. 1992; Holtzen 1994).13 Three
others evaded the issue by predicting a “link” between testosterone, left-
handedness, and homosexuality, but without specifying whether higher or
lower levels of testosterone would be implicated in this link (Rosenstein
and Bigler 1987; Gladue and Bailey 1995b; Reite et al. 1995). In only two
of these ten studies did the scientists accurately characterize the various re-
search and theories they built upon (Satz et al. 1991; Götestam, Coates,
and Ekstrand 1992).

It is surprising how many articles containing fundamental framing er-
rors have gotten through peer review in well-respected journals, and are
repeatedly cited as supporting brain organization theory. In a study that
purported to find a link between prenatal stress and homosexuality, Ellis
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and colleagues (1988) compared homosexual with heterosexual men, and
homosexual with heterosexual women, in both cases hypothesizing that
homosexuality in offspring is linked to higher maternal stress during the
prenatal period. But of course, there is no theoretical reason to link higher
maternal stress to homosexuality in females, other than a vague folkloric
prejudice that links lesbianism as a “problematic” outcome with various
problematic developmental inputs. Still, in spite of methodological prob-
lems that go well beyond this issue of framing, this study, as well as a
closely related review article (Ellis, Burke, and Ames 1987), are particu-
larly highly cited (44 and 153 citations, respectively, as of July 2008, ac-
cording to the ISI Web of Science).14 Further compounding the error, many
other scientists cite Ellis and colleagues’ (1988) stress research as if it sim-
ply supported the theory of brain organization instead of considerably
complicating it (for example, Holtzen 1994; Hall 2000; Yasuhara, Kem-
pinas, and Pereira 2005; Meek, Schulz, and Keith 2006; Swaab 2007).
Similarly, Rosenstein and Bigler (1987) compared male and female hetero-
sexuals (grouped together) to male and female homosexuals (also grouped
together) in order to look for an association between homosexuality and
handedness. As with Ellis and colleagues, Rosenstein and Bigler assembled
their groups in a way that hypothesized a common hormonal history for
all homosexuals (males and females).

When I began analyzing brain organization research more than ten
years ago, I noticed these framing problems and was surprised that not one
study in the literature addressed the issue.15 Recently some scientists have
recognized the contradictions in framing and have suggested that their
findings should be understood in light of other neurohormonal theories of
development rather than classic brain organization theory (Lindesay 1987;
McFadden and Champlin 2000; Lippa 2003). For example, in their meta-
analysis of sexual orientation and handedness in men and women, Lalu-
miere, Blanchard, and Zucker (2000) acknowledge:

The findings that handedness and sexual orientation are associated in both
men and women are difficult to explain with current etiological theories of
homosexuality, especially the well-known hormonal theory of sexual orienta-
tion, which we here call the prenatal androgen exposure theory. The prenatal
androgen exposure theory postulates that homosexuality in men is due to
undermasculinization and in women to overmasculinization of the brain dur-
ing a critical period of development. (586)

Nonetheless, even those scientists who have tried to use a broader range
of evidence to decide among the various theories that are currently at play
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for linking sexual orientation with handedness or other “sex-linked” traits
have not gone as far as they could. In particular, these discussions still fail
to account for the overall pattern of findings among human studies of pre-
natal stress, lateralization, and the expected versus demonstrated constel-
lation of sex-typed traits among lesbians and gay men under various theo-
ries. For example, prenatal stress is often invoked to explain higher rates
of left-handedness among gay men, but studies of prenatal stress have
themselves repeatedly come up empty-handed: gay men have not experi-
enced higher prenatal stress. Further, as the discussion below will detail,
the overall constellation of sex-typed traits might be expected to be more
mixed in gay men, but more consistently “masculinized” in lesbians, but
this does not fit the data, either.

Measurement Issue #3: Quantifying Orientation

How gay is gay? How straight is straight? In deciding “who counts when
you’re counting homosexuals” (to quote Stephanie Kenen [1997] again),
scientists must consider not only what elements matter, but what are the
cutpoints for labeling someone as heterosexual, bisexual, or homosexual.
Does same-sex orientation count only if it meets certain time-based rules
(lifelong; after a certain age; consistent for the past five years)? Do all of
one’s partners have to be same-sex, or a majority, or some, or perhaps only
partners with whom there is a certain emotional attachment? Do very
small incremental differences in terms of how much attraction is toward
persons of the same or the other sex matter? Brain organization research-
ers have very different answers for these questions, meaning that they se-
lect different scores as the cutpoints to divide their subject groups for anal-
ysis. This, too, is unacknowledged in the literature.

To illustrate how variable the cutpoints for specific sexual orientation
categories are in brain organization research, it’s again helpful to refer to
Kinsey scales. Each of the studies in Figure 7.6 classified subjects according
to scores on some Kinsey-type scale. The variations in shading on the bars
show where the scientist set the cutpoint for considering a subject as ho-
mosexual, bisexual, or heterosexual. Note that the figure understates the
amount of variability in the meaning of Kinsey scores, because the as-
pect(s) of sexuality used to assign a Kinsey score vary from study to study.
In some cases the aspects measured were not reported; rarely were actual
questions reported. Nonetheless, it is illustrative to see the great variation
in how scientists assign Kinsey scores to particular groups (homosexual,
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bisexual, heterosexual). Subject groups were split into homosexuals versus
heterosexuals by different scientists at literally every point along the scale
between 0 and 6.

As Figure 7.6 shows, one scientist’s heterosexuals are another scientist’s
homosexuals. Compare, for example, Gladue et al. (1990) with Meyer-
Bahlburg et al. (1995). Gladue’s team excludes from their homosexual cat-
egory anyone with a lifetime Kinsey score less than 6. In contrast, Meyer-
Bahlburg and colleagues’ article on “the development of homosexual ori-
entation” among DES-exposed women is based on a sample that includes
not a single woman with a Kinsey 6 rating for lifetime “sexual responsive-
ness” and only one woman with a Kinsey 5 (Meyer-Bahlburg et al. 1995).
(Meyer-Bahlburg and colleagues may argue that they do not technically set
cutpoints for labeling women as heterosexual, bisexual, and homosexual,
but they functionally assign the cutpoint for homosexual at a Kinsey 2, be-
cause they describe the study in the title and elsewhere in the article as an
exploration of the development of “homosexual orientation.”)

Decisions about boundaries are related to whether scientists think sex-
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example, “subjects with homosexual inclinations” rather than “homosexuals”).



ual orientation is categorical or continuous. Those who think of sexual
orientation as continuous regard any cutpoints between homosexuals, bi-
sexuals, and heterosexuals as matters of convention, because they imagine
that “true” sexual orientations come in many degrees of difference be-
tween the poles of homosexuality and heterosexuality. Those who think of
sexual orientation as categorical think of cutpoints as reflecting the bound-
aries between objectively different groups. While both views are widely
held among scientists, there is an interesting and somewhat troubling pat-
tern for where these two views show up in the brain organization studies.
Briefly, those researchers who group their subjects by prenatal hormone
exposure status tend to adopt the continuum approach (Ehrhardt et al.
1985; Dittmann et al. 1990, “Congenital Adrenal Hyperplasia,” parts I
and II; Meyer-Bahlburg et al. 1995; Zucker et al. 1996; Stikkelbroeck,
Beerendonk, et al. 2003; Titus-Ernstoff et al. 2003; Meyer-Bahlburg et
al. 2008),16 while researchers who group people by sexual orientation
overwhelmingly adopt the category approach (Dörner, Rohde, et al. 1975,
1983; Swaab and Hofman 1990; Bailey, Willerman, and Parks 1991;
Dörner et al. 1991; LeVay 1991; Allen and Gorski 1992; Gladue and
Bailey 1995a, 1995b; Ellis and Cole-Harding 2001; Rahman and Wilson
2003; Anders and Hampson 2005; Rahman 2005; Kraemer et al. 2006;
Blanchard and Lippa 2007; Witelson et al. 2007).17 To put this another
way, researchers who study people with unusual prenatal hormone expo-
sures (intersex individuals and the offspring of hormone-treated pregnan-
cies) measure adult sexual orientation in very finely graded ways that can
pick up the slightest difference between hormone-exposed and unexposed
groups. But studies that look for evidence that gay men or lesbians have
had different prenatal hormone exposures than their straight counterparts
seek to create comparison groups that are as starkly different as possible in
terms of sexual orientation, so they choose “extreme” homosexuals and
“extreme” heterosexuals.18 As I will explain below, it is easier in the for-
mer group (the cohort studies) to find hormone effects with a very loose
criterion for homosexuality, while the latter (case-control) approach will
benefit from a very restrictive criterion. It is impossible not to see this as
scientific gerrymandering—that is, moving the boundaries of sexual orien-
tation categories around in a way that favors the scientist’s own hypo-
thesis.

In an interview, one scientist explained the benefit of looking at “the ex-
tremes” in terms of sexual orientation for her studies of handedness and
sexual orientation: “I was thinking that, well, if the differences are going
to be subtle and small, we need to look at the two most different groups”
(Dr. L interview, January 1999). Likewise, Gladue, Green, and Hellman

Sexual Orienteering p 169



(1984) explained that their strategy of screening out subjects who did not
give absolutely “consistent” responses for each dimension of sexual orien-
tation “was especially critical for the integrity of the homosexual sample,”
further claiming that “it was essential to distinguish volunteers having ex-
clusively homosexual desires, interests, and experiences lifelong from men
having such characteristics intermittently, periodically, or only recently”
(1499 n. 10). And indeed, this rationale does make sense on the assump-
tion that subjects with the most “extreme” orientations will be those who
had the most extreme cross-sex hormone exposures, and that “extreme”
homosexuals and heterosexuals will be most likely to differ on other char-
acteristics that are presumably influenced by hormone exposures, such as
laterality or cognitive traits. This is the “dose–response” logic I described
in Chapter 3. I highlight the expectation here because the evidence runs
counter to this expectation, in spite of some scientists’ attempts to assem-
ble “pure” sexual orientation groups. I will have more to say about this
below, when I review the findings of sexual orientation studies. In any
case, it turns out that while these very strict measures make sense if you’re
considering just one corner of the evidence linking hormones to homosex-
uality, they create problems when you look at the bigger impact of this re-
search.

The choice of high-contrast sexual orientation groups for the case-
control studies is initially driven by the desire to maximize the chance of
finding group differences on hormone-related traits. Yet for some scientists
these rigid groupings have literally redefined what it means to be homosex-
ual or heterosexual. Defying social science evidence that there is significant
independence among the various aspects of sexual orientation, brain orga-
nization scientists treat consistency across behavior, attraction, and iden-
tity as “true” or “correct,” rather than simply an operational necessity for
their particular studies. Ellis and Cole-Harding (2001), for example, go so
far as to describe inconsistency across all dimensions of sexual orientation
as “erroneous responses.”19

While this approach is at odds with survey and in-depth qualitative re-
search on how people’s desires, behaviors, and identities intersect and di-
verge (Laumann et al. 1994; Diamond and Savin-Williams 2000; Young
2004), insisting on erotic consistency fits well with some recent theoretical
developments in psychology. As Dr. L put it, regarding the late 1980s, “a
lot of the literature was questioning whether there was really such a thing
as bisexuality” (Dr. L interview, January 1999; see also Bailey 2003). Fur-
ther, while they differ on the prevalence and stability of bisexuality as a
category, many well-known researchers have strongly argued that sexual
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orientation is basically a categorical phenomenon—at least in men (Hamer
and Copeland 1994; LeVay 1996; Wilson and Rahman 2005). In this view,
the categories of homosexual, heterosexual, and possibly bisexual are ade-
quate and exhaustive for describing the meaningful patterns of human
eroticism. If this is the case, then “weeding out” people who give inconsis-
tent responses on measures of multiple dimensions of sexual orientation is
a perfectly good idea. Moreover, some scientists imply—and others state
outright—that the “discrete categories” idea of sexual orientation fits better
with brain organization theory (LeVay 1996; Bailey 2003; Wilson and
Rahman 2005; Kraemer et al. 2006).20

There are difficulties, though. It turns out that many researchers have to
jettison a high proportion of their research subjects because they don’t
meet the criterion of “consistency” on sexual orientation. Investigators of-
ten allude to, but rarely offer details about, how this affects the composi-
tion of the “homosexual” and “heterosexual” groups they compare. For
example, Ellis and Cole-Harding’s (2001) study of prenatal exposures to
stress and alcohol used a method that excluded a “substantial minority”
of subjects (with no additional details on the number or proportion in-
volved), because some people’s responses weren’t totally consistent across
the three dimensions of sexual orientation (217). In one study that offered
more detail on subjects who were excluded, 20 of 90 (over 22 percent)
otherwise eligible men did not meet the criteria for being either homosex-
ual or heterosexual (Gladue, Green, and Hellman 1984). This is particu-
larly striking given the recruitment strategy for the study, which consisted
of advertisements for “homosexual and heterosexual” individuals for a
study of endocrine function and sexual orientation. Thus, volunteers likely
were already a self-selected group in terms of sexual identity, and more
likely than a random group of individuals to identify as either gay or
straight, rather than bisexual. Still, over one-fifth of volunteers were not
adequately consistent on each of three criteria (sexual fantasies, sexual be-
haviors, and stability of each since puberty) to be counted as homosexual
or heterosexual. Likewise, in one of several recent studies that link brain
organization theory to the observation that gay men tend to have more
older brothers than heterosexual men have (the “fraternal birth order” ef-
fect), Blanchard and Lippa (2007) dropped nearly one-third (3,375 out of
11,654) of all subjects who gave some indication of same-sex orientation
but whose answers were deemed “inconsistent” (165).

To place these decisions in context, consider some additional data from
the large, population-based study of American adults that I mentioned ear-
lier. In addition to showing how the various aspects of behavior, fantasy,
and identity were related, the investigators report the proportion of men
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and women who have had partners of the same sex, the other sex, and
both sexes during various time periods, as well as the proportions who are
attracted to persons of the same, the other sex, or both sexes. Interestingly,
of all the people who have any same-sex experiences as adults, less than 20
percent of men and just 10 percent of women have been exclusively homo-
sexual in behavior since age 18 (Laumann et al. 1994, 311). Among those
who report same-sex attractions and/or behavior, 85 percent of women
and 72 percent of men identify as heterosexual (301). Brain organization
researchers are not unaware of this issue, at least in terms of their female
samples. In the literature on biology and sexual orientation, as well as in
the interviews I conducted with prominent scientists, there was general
agreement that women are even less likely than men to be totally consis-
tent among the various dimensions of orientation.21

One result of filtering out “inconsistent” responses is that many brain
organization studies exclude the majority of self-described lesbians and
many gay men from studies on sexual orientation. This most certainly
hampers the utility of brain organization research for elucidating the
processes that underlie sexual orientation development. But it is equally
important to note that the process of “cleansing” samples to remove ap-
parent sexual inconsistency results in artificially homogeneous “heterosex-
ual” groups, as well. This creates a serious problem of bias. In an arti-
ficially homogeneous group, other traits besides sexual orientation will be
present to a degree that one would not see in a truly random group of
“heterosexuals” or “gay men” or “lesbians.” When we analyze the data,
there will be irrelevant variables present that can make it seem like there
are group differences related to sexual orientation, when in fact there is
another hidden variable at play. A historical example will help clarify the
problem. Prior to the 1980s, it was common to recruit samples of gay men
and lesbians in gay bars, because there were very few other public meeting
places for sexual minorities in most communities. Unsurprisingly, these
samples showed higher rates of problem drinking than heterosexual peo-
ple who were recruited from a wide range of community settings.

What about the cohort studies? In one regard these studies look supe-
rior, because they assess multiple aspects of sexuality and they do not de-
mand consistency across aspects of sexual orientation. Yet the “homosex-
uality” found in the studies of hormone-exposed individuals is possibly
even further away from homosexuality as understood in the real world.
There are two problems with the way even the most careful researchers use
multidimensional measures in these studies. The first, content validity, is a
technical issue having to do with the way specific dimensions are chosen to
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be included in these measures, and the second has to do with the way re-
sults are eventually labeled in summary statements and titles.

Content validity concerns the key question of meaning in measurement:
Does the measure accurately capture the phenomenon of interest? In a
classic text on measurement, Carmines and Zeller (1979, 43) define con-
tent validity as “the extent to which a specific set of items reflects the con-
struct [i.e., the phenomenon of interest].” Even without settling on a “gold
standard” definition of sexual orientation, it is possible to discern content
validity problems in some of these comprehensive sexuality assessments.
The Sexual Behavior Assessment Schedule–Adult (SEBAS-A) is a good in-
strument to consider in this regard, both because it was developed by the
well-regarded team of Heino Meyer-Bahlburg and Anke Ehrhardt (1983)
and because it has been used in several brain organization studies. In stud-
ies of DES-exposed women, for example, Meyer-Bahlburg and Ehrhardt
combined multiple aspects of sexual orientation assessed via the SEBAS-A
to create a global score for sexual orientation (Ehrhardt et al. 1985; Meyer-
Bahlburg et al. 1995). When a scale is used for this purpose, the scale items
should be a randomly chosen subset of the universe of potential items that
could reflect sexual orientation, but most of the SEBAS-A items are nonbe-
havioral aspects of imagery and attraction. In other words, the scale over-
samples the nonbehavioral aspects of sexual orientation, thereby exagger-
ating the importance of imagery items, such as dreams. Further, these
questions (especially masturbation fantasies, daydreams, and type of erot-
ica used) may be so closely related that it doesn’t make sense to assess them
separately, because combining them via simple addition may exaggerate
tiny shifts toward same-sex orientation in one’s overall profile.

The second issue is how subjects are described in studies that rely on
complex assessments of this sort. Sensibly, in the precise passages where
scientists discuss subtle differences in sexual orientation, they tend to
avoid attaching labels such as heterosexual or homosexual to their sub-
jects. Yet this careful approach drops away quickly—sometimes even in
the article abstracts and titles that scientists themselves choose.

Thus, in the sections where most readers look for the “bottom line,” it
seems that the exhaustive assessments work on a sort of sexual “one-drop
rule”: any hint, in any one of the elements, of same-sex attraction or re-
sponse is glossed as evidence of homosexuality (see, for example, Ehrhardt
et al. 1985; Dittmann, Kappes, and Kappes 1992; Meyer-Bahlburg et al.
1995; Dessens et al. 1999). It is little wonder, then, that by the time studies
are reported in the popular press, terms like homosexual and lesbian are
used freely.
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An interesting example is found in Meyer-Bahlburg and colleagues’
(1995) report on women exposed to DES: the sections on methods and re-
sults carefully refer to the women in this study by their dichotomized
Kinsey scores of 0–1 and 2–6, while the title and introductory section ad-
dress the development of “homosexual orientation.” In a striking under-
statement, the authors note that “the extent to which bisexuality and ho-
mosexuality were increased in DES women was rather modest” (17). In
fact, only 1 of 90 women was rated as being “largely homosexual but inci-
dentally heterosexual” and none of the 90 was rated as “entirely homosex-
ual” (17). Does it make sense to talk about the “development of homosex-
ual orientation” based on a sample that many people—including most
brain organization researchers—would agree does not include any homo-
sexuals? If we count the one woman who was rated as “largely homosex-
ual,” that’s still a rate of lesbianism that’s just 1.1 percent, which is lower
than most estimates for the general population (Laumann et al. 1994; Sell,
Wells, and Wypij 1995).

Even if we were to agree that researchers can use whatever definitions
they like for “homosexual” or “heterosexual,” as long as they are clear
and consistent in their own research, the yawning gap between the ap-
proaches in the two main sets of studies creates a problem. Although scien-
tists’ choices of different measures make sense in terms of studies’ internal
logic (it gives each kind of study a better chance of finding that there is
some kind of hormone effect on sexuality), it is very difficult to reconcile
findings across the studies. Bluntly, you can’t have “homosexual” groups
that are mutually exclusive in two sets of studies, but then claim that the
studies complement or build upon each other. Still, as serious as the mea-
surement discrepancies are between cohort and case-control studies of
brain organization, the findings from research on prenatal hormones and
human sexual orientation are just as problematic. It’s not just that they
don’t add up “yet” because of incomplete data. Rather, the pattern of find-
ings in the hundreds of studies done to date, and especially between the co-
hort and the case-control studies, suggests that brain organization theory
is not a good explanation for human sexual orientation.

Sexual Disorientation: Lost in a Jungle of Findings

How do these measurement issues figure into the overall assessment of
brain organization theory? Recall that all the data from all the studies of
sexual orientation combined still form a mere fragment of the evidence
that is needed to come all the way from hormones to homosexuality. Be-
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cause the studies are all quasi experiments, they must work together with
each other, as well as with the experimental evidence from nonhuman ani-
mals, to form a coherent picture of how early hormones affect human sex-
ual differentiation. The overall network of associations that is predicted by
brain organization theory links early hormones with sex-differentiated
cognitive skills; gender-related aspects of personality and interests; signs of
brain lateralization, including handedness; anthropometry (measurement
of any bodily traits that are thought to be influenced by early hormones);
and sexual orientation. Yet most studies consist of a search for associa-
tions between just two factors at a time, such as sexual orientation and
cognitive traits (in the case-control studies), or early hormones and sexual
orientation (in the cohort studies). Thus, in addition to the fact that all of
the evidence is limited to correlations (which do not entail causation), the
expected correlations are tested in pairs, which then are presumed to fit to-
gether to complete the overall picture. Figure 7.7 shows the main two-way
associations that are predicted by brain organization research on sexual
orientation.

Each association is represented either by a solid arrow that runs in a sin-
gle direction (from early hormones to the domains of personality and be-
havior that hormones are presumed to influence) or a dotted line that con-
nects two domains, signaling noncausal associations between two traits
that are expected to vary together if both are influenced by early hormone
exposures. One way to judge whether quasi-experimental evidence is ro-
bust is to do something called path analysis. In this case, that means that if
brain organization theory is correct, we should be able to trace at least one
complete loop on the diagram. For example, some studies might show that
early masculinizing hormones are correlated with more “masculine” sex-
ual orientation, and other studies might show that masculinizing hor-
mones are correlated with more “masculine” cognition. If there are addi-
tional studies that show masculine cognition to correlate with masculine
sexual orientation, then the loop is complete. Conversely, the data are less
convincing if some of the loops cannot be closed, and the theory begins to
fall apart if the data at hand demonstrate a lack of association where the
diagram shows there should be a connection, or negative associations
where there should be positive ones (for example, if “masculine” hormone
exposures are associated with “feminine” traits).

In part because researchers approach sexual orientation so differently
(especially when they switch between the gynephile/androphile and the ho-
mosexual/heterosexual frame), it’s difficult to lay out the studies together
in a way that makes sense. With that limitation in mind, we can still use
the evidence at hand to get a preliminary sense of how well the brain orga-
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nization picture would come into focus if the measurement of sexual ori-
entation weren’t an issue. That is, we can plug in the cohort study data to
see whether individuals who have had “cross-sex” hormone exposures
also show “cross-sex” cognition, personality and interests, bodily traits
(other than genital morphology), handedness, and sexual orientation. We
can also plug in case-control data to see if “sex atypical” sexual orienta-
tion is correlated with sex atypicality on any of these other traits. Note,
though, that only the cohort studies can give us the information we need to
test the hypothetical associations on the left side of the diagram in Figure
7.7 (those that connect early hormones with any individual outcome). And
note, too, that only the case-control studies give us any information on as-
sociations between the various “outcomes” (for instance, between sexual
orientation and cognition).22 That’s because the cohort studies generally
have small sample sizes, and even fewer subjects with any same-sex orien-
tation, so they do not have sufficient statistical power to look for associa-
tions among multiple hypothetical outcomes of brain organization. The
solid arrows on Figure 7.7 indicate the associations that cohort studies ex-
plore, and the dotted lines indicate the associations explored in case-
control studies.

Later I will address how the difference in measurement between re-
searchers conducting cohort studies and those who conduct case-control
studies affects the flow of associations. For now, though, let’s try to com-
plete some of the loops, first by looking at the evidence that early hor-
mones affect sexual orientation, and next by looking at the evidence con-
necting each of four other domains either to hormones or to sexual
orientation. We can also address the important question of whether the as-
sociations are shown for both genetic males and females, only one sex, or
neither. This is important because, like other possible breaks in the flow of
associations, the evidence does not add up to a convincing picture if some
connections can be made only for men, while others can be made only for
women.

Let’s briefly recap the data reviewed in Chapter 4 to see how well the
link between early hormones and sexual orientation is borne out when we
have direct information about hormone exposures. The studies that are
most relevant concern people who have had higher than typical fetal expo-
sure to “masculinizing” hormones. As I detailed in Chapter 4, these in-
clude studies of males and females with congenital adrenal hyperplasia
(CAH) and prenatal exposure to the synthetic estrogen DES. (I exclude
studies on genetic males with androgen insensitivity from the following
discussion because femininity may relate to female rearing rather than a
lack of effective androgen exposure. I exclude males with CAH, too, be-
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cause there is no consensus on whether they do in fact have much higher
than typical prenatal androgens, or on how androgens above the typical
male range would affect them.)

Brain organization theory suggests that women with CAH or prenatal
DES exposure should have higher rates of lesbian or bisexual orientation,
and that men with CAH or with prenatal DES exposure may have lower
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Figure 7.7. Basic two-way associations predicted by brain organization research
on sexual orientation. Solid arrows represent causal associations (early hormones
are theorized to cause sex differentiation of each trait on the right); dashed lines
represent correlations that are predicted if both traits undergo sex differentiation
by hormones. Note that the domains are broad, and early hormones hypothetically
could affect either a whole domain or limited elements within a given domain.



rates of gay or bisexual orientation compared with the general population.
Let’s start with CAH. There is consistent evidence that women with CAH
are more likely than their female relatives to have same-sex desire
(Ehrhardt, Evers, and Money 1968; Dittmann, Kappes, and Kappes 1992;
May, Boyle, and Grant 1996; Zucker et al. 1996; Hines, Brook, and Con-
way 2004; Morgan et al. 2005; Gastaud et al. 2007; Meyer-Bahlburg et al.
2008). DES exposure is a different story. Contrary to some early evidence
that DES exposure may increase lesbian or bisexual orientation among
women (Ehrhardt et al. 1985; Meyer-Bahlburg et al. 1995), the largest
study by far shows that DES-exposed women are, if anything, more het-
erosexual than their unexposed counterparts (Titus-Ernstoff et al. 2003).
(The Titus-Ernstoff study did not assess sexual attractions apart from be-
havior, but with a sample that includes nearly 5,700 women, any meaning-
ful shift in sexual orientation should certainly have been detected.) Like-
wise, there is no evidence that sexual orientation is affected among men
with DES exposure, though several studies have investigated the ques-
tion, including the same very large study by Titus-Ernstoff and colleagues
(2003), as well as two early studies by Richard Green and colleagues
(Yalom, Green, and Fisk 1973; Kester et al. 1980), and unpublished work
by Anke Ehrhardt and Heino Meyer-Bahlburg (Anke Ehrhardt, per-
sonal communication, 1998). In genetic males there are two situations for
which it is difficult to draw any clear conclusion about the link between
early hormones and any sex-typed traits in adulthood. First, scientists dis-
agree about whether males with 5-alpha reductase deficiency are generally
reared as girls, or whether a substantial proportion are reared within lo-
cally specific intersex categories. Second, genetic males who are reassigned
and reared as female, because of either congenital anomalies affecting the
genitals or traumatic loss of the penis, have a rearing situation that is dra-
matically unlike any other, because parents, clinicians, and possibly others
are aware that the child has been gender-reassigned. From these latter two
groups, it is not possible to draw a clear message regarding the effect of
early hormones.

Thus, for only one out of the four most relevant groups studied do the
data support the prediction that masculinizing prenatal hormones shift
sexual orientation toward greater interest in females. Notably, of the four
groups, the members of this group, women with CAH, are the only ones
with identifiably unusual social experiences related to gender, such as high
rates of sex reassignment and genital surgery due to intersex birth, and
widespread expectation that they will be gender-atypical. Also, as noted
above, when women with CAH are compared with the general popula-
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tion, or when behavioral measures rather than fantasies are the criterion,
women with CAH do not seem more likely to be sexually oriented toward
women. Now let’s examine the specific loops that would hypothetically
link sexual orientation with early hormones via another domain, begin-
ning with cognition.

Cognition. Comparing lesbians to heterosexual women, most studies find
no differences in terms of cognitive ability (Tuttle and Pillard 1991; Gladue
and Bailey 1995b; Wegesin 1998; Neave, Menaged, and Weightman 1999;
Rahman, Wilson, and Abrahams 2003; Rahman 2005), and those studies
that do find differences have been about as likely to find that lesbians are
more feminine (Gladue et al. 1990) as they are to find that lesbians are
more masculine (Rahman, Abrahams, and Wilson 2003; Collaer, Reimers,
and Manning 2007).

Many studies suggest that gay men are somewhat more “feminine” on
selected cognitive traits compared to straight men (for example, Willmott
and Brierley 1984; Sanders and Ross-Field 1986; Gladue et al. 1990; Mc-
Cormick and Witelson 1991; Sanders and Wright 1997; Wegesin 1998;
Neave, Menaged, and Weightman 1999; Rahman and Wilson 2003; Rah-
man, Wilson, and Abrahams 2004; Collaer, Reimers, and Manning 2007),
but most studies find differences in only one or two out of multiple aspects
of cognition tested, and a substantial minority of studies find no difference
between gay and straight men (Tuttle and Pillard 1991; Gladue and Bailey
1995b; Cohen 2002; Esgate and Flynn 2005).23

It could be that more consistent cognitive differences between hetero-
sexual and gay men would be found if studies had larger samples.24 But
small sample sizes cannot fully explain the inconsistent results, because
even nonsignificant differences are too often against the predicted direc-
tion. Tuttle and Pillard (1991), for example, found that gay men scored in
a more masculine direction on three of six cognitive tasks. Similarly, Co-
hen (2002) found that spatial ability was not broadly different among gay
versus straight men, and he also found that among gay men, higher scores
on a masculinity scale were correlated with worse spatial relations. Other
studies find a few limited differences, but these are complex. For example,
McCormick and Witelson (1991) found cognitive differences between gay
and straight men, but only among men who were not consistent right-
handers. Likewise, Rahman, Andersson, and Govier (2005) found that gay
men were no less likely than straight men to use “male-typical” naviga-
tional strategies (using cardinal directions, and identifying distances on a
map), though they were more likely than straight men to use the “femi-
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nine” strategy of referring to landmarks, which resulted in gay men using
more navigational strategies overall—a difference, but not one that neatly
supports the idea that gay men are “gender-atypical” or “feminine.”

What about evidence of more male-typical cognitive traits in people
with higher-than-typical prenatal androgens? Here, the evidence is clear:
cognitive traits are not consistently masculine among either males or fe-
males with high “masculinizing” fetal hormones, including those with
CAH and those with DES exposures. While some studies have shown cog-
nitive differences between CAH-affected and unaffected groups, the differ-
ences do not support the theory that androgens specifically enhance mas-
culine, or inhibit feminine, cognitive traits (see Chapter 4 for more details).
Instead, there may be subtle, generalized cognitive deficits among people
with CAH, especially those with severe forms of the disease (Helleday,
Bartfai, et al. 1994; Helleday, Siwers, et al. 1994; Plante et al. 1996;
Johannsen et al. 2006). Likewise, there are no consistent cognitive differ-
ences among DES-exposed males or females compared with unexposed
groups. (See Hines 2004, especially chapter 9, for a good review of cogni-
tion among subjects with unusual early hormone exposures.)

Handedness. Lateralized brain function refers to how certain tasks (both
cognitive processing and motor tasks like right- versus left-hand domi-
nance) are accomplished by one hemisphere versus the other, or both
hemispheres. As Mustanksi, Chivers, and Bailey (2002) have noted, “De-
spite inconsistent results across studies, narrative reviewers of the litera-
ture have suggested that men show a modest increase in functional asym-
metry compared to women, meaning that the hemispheres of men are
more specialized” (99). Many brain organization studies have been built
on this tentative foundation, based on the further supposition that func-
tional asymmetry is related to testosterone exposure. But meta-analyses
suggest that the only aspect of functional asymmetry that is clearly sex-
differentiated is handedness (Sommer et al. 2008; Vogel, Bowers, and
Vogel 2003; see also my discussion in Chapter 3). Because brain organiza-
tion theory is meant only to explain the development of traits that are sex-
differentiated, the following discussion does not include every study that
has reported some evidence relating sexual orientation to various indica-
tors of functional asymmetry. Instead, I confine myself to studies of hand-
edness.

In the scenario predicted by classic brain organization theory, gay men
would be less left-handed, and lesbians more so, than their same-sex het-
erosexual counterparts. But as I noted when discussing how sexual orien-
tation is framed, studies of handedness do not consistently build upon the
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usual brain organization hypothesis that homosexuals of either sex will be
sex-atypical. Instead, a great many studies build on the Geschwind-Behan-
Galaburda (GBG) hypothesis (Geschwind and Behan 1982; Geschwind
and Galaburda 1985b), which suggests a complex web of associations
among dyslexia and other learning disabilities, migraine, immune dysfunc-
tion, left-handedness, and male homosexuality. Geschwind and his col-
leagues linked their proposal with classic brain organization theory by
way of research showing that under intense stress, pregnant rats first have
a large increase in testosterone production, followed by testosterone drop-
ping to atypically low levels. If this same process applied to humans, pre-
natal stress could account for a link between some traits that are thought
to be caused by high levels of testosterone (such as dyslexia and left-
handedness) and traits thought to be caused by low levels (as is usual, they
slot male homosexuality in here).

But the finer details of the GBG hypothesis often get lost along the way,
and the idea has morphed into a fuzzy notion that homosexuality should
be correlated with left-handedness and other signs of atypical laterali-
zation. Thus, contrary to one of the central tenets of brain organization
theory, some authors have argued that male homosexuality is a sign of
“hypermasculine” prenatal hormone exposures (for instance, Lindesay
1987; McFadden and Champlin 2000). Conversely, McCormick, Witel-
son, and Kingstone (1990) tried to reconcile greater left-handedness
among both gay men and lesbians with brain organization theory by sug-
gesting that, contrary to the GBG hypothesis that higher prenatal testos-
terone leads to left-handedness, left-handedness in men results from lower
prenatal testosterone. (They suggested that the development of lateraliza-
tion, cognitive functions, and sexuality might follow different paths in
women and men, but did not suggest how to reconcile their idea with the
greater population prevalence of left-handedness in men.)

Given the complexity of the hypotheses involved, and the fact that so
many of the associations are hypothetical, it should not be surprising that
there is some mutual contradiction among the studies of handedness and
sexual orientation. Reviewers differ as to whether the current evidence
does or does not point to differences between heterosexuals and homosex-
uals, especially men (Lalumiere, Blanchard, and Zucker 2000; Mustanski,
Chivers, and Bailey 2002). And specific patterns of associations do not
hold up. First, and perhaps most importantly, the association between left-
handedness and male homosexuality is grafted to brain organization the-
ory by way of a hypothetical association between male homosexuality and
prenatal stress—but the studies of prenatal stress on balance don’t support
the theory (Ellis et al. 1988; Schmidt and Clement 1990; Bailey, Willer-
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man, and Parks 1991; Ellis and Cole-Harding 2001). Second, scientists
tend to agree that there should be a stronger pattern of left-handedness
among lesbians than among gay men (because male homosexuality would
be associated with left-handedness only in cases of prenatal stress early in
gestation, whereas female homosexuality would be associated with left-
handedness whenever androgen levels were sufficiently high throughout
gestation to affect both traits). On its own, the evidence on handedness
would seem to support this (Lalumiere, Blanchard, and Zucker 2000).
However, this same general constraint on the model should suggest that
virtually all aspects of cognition, emotion, or morphology that are affected
by early hormones should be linked more consistently in lesbians than in
gay men, and this is decidedly not the case. Lesbians do not show consis-
tently “masculinized” traits, nor are there stronger associations in general
among sexual orientation and cognition, emotion, or morphology among
lesbians than among gay men (quite the converse, in fact). Keep this in
mind as we review the other kinds of traits that have been studied to ex-
plore a link between sexual orientation and hormones.

The data from studies of handedness among gay men and lesbians are
lackluster, at best. But the major difficulty in reconciling these studies with
other brain organization research is that the cohort studies (research on in-
dividuals with documented prenatal hormone anomalies) do not support
the GBG hypothesis: that is, there is no good human evidence that the
many traits investigated as indicators of lateralization are actually “per-
turbed” by early hormone exposures. Just as men and women with CAH
are no more likely to have masculine cognitive profiles, they are no more
likely to be left-handed. There is suggestive evidence, however, regard-
ing DES exposure and left-handedness. A few small studies have found
more left-handedness among DES-exposed women (Schachter 1994;
Scheirs and Vingerhoets 1995; Smith and Hines 2000), but the largest
study by far, which included 5,686 DES-exposed women, found no evi-
dence of increased left-handedness (Titus-Ernstoff et al. 2003). That same
study, though, did find a slight increase in left-handedness among 1,432
DES-exposed men. However, given that DES has a wide range of docu-
mented teratogenic effects, subtle shifts in handedness might be seen in
DES without specifically implicating the brain organization hypothesis.
And again, the full set of associations that might be expected to show up,
especially in very large studies with great statistical power, are absolutely
contradicted: there is no link between DES and sexual orientation in men
or in women (Titus-Ernstoff et al. 2003).

Sheri Berenbaum, a prolific and well-respected researcher of CAH, has
offered this sharp rebuttal of the GBG hypothesis:
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Anomalies in cerebral dominance, immune functioning, abilities, and neural
crest development are hypothesized to correlate with each other because all
result from high levels of prenatal testosterone. Studies directly evaluating the
effect of testosterone on these traits do not validate the model: sex ratios and
animal studies suggest that testosterone has a protective, rather than faci-
litory, effect on autoimmune diseases; individuals with high levels of early tes-
tosterone do not have elevated rates of left-handedness or learning disabili-
ties. (Berenbaum and Denburg 1995, 79)

Gay men and lesbians may be more likely than other people to be left-
handed, but the evidence suggests that this cannot be explained by “cross-
sex” hormone exposures. Findings of increased left-handedness among
gay men and lesbians may be a simple result of noncomparable sampling
in the studies done to date (that is, the association is not real, but instead
is the result of biased sampling). In particular, heterosexual samples are
disproportionately recruited from university students and staff, then com-
pared to lesbian and gay samples recruited from various community
sources. Alternatively, even a real association does not necessarily point to
a common single factor influencing both handedness and sexual orienta-
tion. Instead, various alternative explanations are possible, including the
chance that multiple factors operating very early in development make
some individuals less “conforming,” which in turn could affect a broad
range of traits with diverse developmental trajectories.25

Anthropometry. As should by now be clear, there is a seemingly endless
array of possible traits on which scientists might focus to explore the pos-
sibility that early hormone exposures shape sexual orientation. Any trait
that is thought to differ, on average, between males and females, or any
trait that is also possibly influenced by testosterone early in development,
is a potential candidate for investigation. Many studies use an approach
that can be broadly described as anthropometry. To date, studies have ex-
amined such body parts and proportions as penis size, height and weight
and/or body mass index (Perkins 1981; Bogaert and Blanchard 1996; Bo-
gaert 1998; Bogaert, Friesen, and Klentrou 2002; Bogaert 2003; Martin
and Nguyen 2004), and the ratio of the second to the fourth digit, or
2D:4D (for instance, Robinson and Manning 2000; Williams et al. 2000;
Lippa 2003; Rahman and Wilson 2003; Putz et al. 2004; McFadden et al.
2005; Rahman 2005; Rahman, Korhonen, and Aslam 2005; Kraemer et
al. 2006; Collaer, Reimers, and Manning 2007).

A few things should be noted about this line of inquiry. First, the notion
that lesbians and gay men have cross-sex body types predates the theory of
brain organization (Terry 1999); the notion of homosexuals as “sexually
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intermediate” was an implicit rationale for applying brain organization
theory to the question of human sexuality in the first place (van den Wijn-
gaard 1997). Thus, some studies in this vein are not included in the current
review (which is not necessarily a shortcoming, given pervasive biases in
subject recruitment for sexual orientation studies well into the 1970s). Sec-
ond, other than the 2D:4D studies, nearly all such studies in recent years
have been conducted by Ray Blanchard and/or Anthony Bogaert; generally
data are more convincing when they come from independent research
teams. Third, although there are isolated findings of gay versus straight
differences on one bodily trait or another, overall these studies do not sug-
gest any consistent pattern regarding cross-sex body types among gay men
and lesbians (see the summary in Bogaert, Friesen, and Klentrou 2002).
Finally, the strongest evidence for brain organization theory would consist
of a triangulation among studies that find some trait to differ between gay
men and/or lesbians and their heterosexual counterparts (the case-control
studies), on the one hand, and between hormone-exposed and unexposed
subjects (the cohort studies, such as CAH versus controls), on the other
hand. There are no such patterns.

Prior to the last decade, the default line of inquiry with the anthropo-
metric studies was the old “intermediacy” hypothesis, which fits best with
brain organization theory’s predictions: gay and bisexual men were ex-
pected to be less “masculine” (or more similar to heterosexual women) on
any given physical trait measured, while lesbian and bisexual women were
expected to be less “feminine” (or more similar to heterosexual men).
With the rise of the GBG hypothesis, though, which raised the possibility
that gay and bisexual men might have higher than typical androgen expo-
sures during development (at least during some periods), a few studies ap-
peared that suggested hypermasculinization of physical traits among gay
men. One highly cited (but unreplicated) report, for example, suggested
that gay men have larger penises than straight men (Bogaert and Hersh-
berger 1999). Conversely, another report—also unreplicated—suggested
that gay men and lesbians both have a cross-sex pattern of long bone de-
velopment (Martin and Nguyen 2004).26

The 2D:4D studies, which constitute the largest subset of anthropo-
metric studies and are currently quite popular, have produced contradic-
tory results that suggest no real effect. The “2D:4D” ratio refers to the rel-
ative length of the second (index) finger to the fourth (ring) finger. This
ratio is considered sexually dimorphic, because men’s 2D:4D ratio tends to
be lower, reflecting a relatively longer index finger in women. Of eight
studies comparing 2D:4D in gay and straight men, three studies reported
higher (feminized) ratios in gay men (Lippa 2003; Collaer, Reimers, and
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Manning 2007; McFadden and Shubel 2003); two studies found gay men
to have lower (hypermasculinized) ratios (Robinson and Manning 2000;
Rahman and Wilson 2003); and three found no difference in men’s digit
ratios by sexual orientation (Williams et al. 2000; Voracek, Manning, and
Ponocny 2005; Kraemer et al. 2006).27 The findings are similarly mixed
for women. Three studies report “masculinized” digit ratios to be associ-
ated with same-sex orientation in women (Williams et al. 2000; Rahman
and Wilson 2003; Kraemer et al. 2006), while one small study (Anders and
Hampson 2005) and the two largest studies (Lippa 2003; Collaer, Reim-
ers, and Manning 2007) found no differences between lesbians and hetero-
sexual women.28

Thus, the anthropometry studies, even the popular comparison of
2D:4D ratios, do not on balance suggest that gay men or lesbians differ
from same-sex comparison groups. Likewise, there are only weak and in-
consistent indications that 2D:4D is affected as predicted in people with
known unusual prenatal hormone exposures. The strongest evidence to
date that 2D:4D ratios are affected by prenatal hormones comes from a re-
cent study by Sheri Berenbaum and colleagues (Berenbaum et al. 2009),
who found a statistically significant, but very slight, shift toward the “fem-
inine” pattern of a high 2D:4D ratio among women with complete an-
drogen insensitivity syndrome. Berenbaum and colleagues concluded that
“digit ratio is related to effective androgen exposure, but the relation is too
small to use digit ratio as a marker for individual differences in androgen
exposure” (5123).

Personality and interests. The domain of sex-typed personality and inter-
ests is harder to summarize, for a variety of reasons. The specific variables
involved range over a wide terrain, including things like aggression, career
and hobby interests, nurturing, toy and game preferences, preference for
friendships with same-sex or other-sex peers, risk seeking, and interest in
objects versus in people, as well as broad composites of “gender role be-
havior” and masculinity and femininity inventories. Although there are in-
creasing trends toward using more standardized measures of these vari-
ables, standardization in this domain lags behind the specificity that has
been achieved in tests for aspects of cognitive function. Among the cohort
studies, reports seldom focus on those aspects of personality that do not
differ, but highlight only those items that are correlated with hormone ex-
posure status. So it is especially difficult to track the precise results in these
studies. I defer detailed consideration of these issues to Chapter 8, which is
devoted to sex-typed interests, especially as they are assessed in the cohort
studies.
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I have devoted a section of Chapter 9 to thinking about the relationship
between sex-typed personality and interests, on the one hand, and sexual
orientation, on the other hand, as a deeply neglected issue of context in
brain organization research. Here I just briefly sketch some of the dif-
ficulties involved. Unlike the other studies I examine, data on gay men’s
and lesbians’ personality and interests are available from many kinds of re-
search, most of which have nothing to do with brain organization theory.
For one thing, sex-atypical personalities and interests might develop much
later than most traits that are hypothetically affected by prenatal hor-
mones, so investigators posit a wide range of causal theories for possible
differences between lesbians and gay men and their heterosexual counter-
parts, including entirely social theories. For another thing, quite a bit of
data on personality and interests among gay men and lesbians is not gener-
ated or interpreted in terms of any causal theory of sexual orientation;
rather, a great many studies explore how experience as a sexual minority
may lead to personality differences, because of such factors as stigma, dis-
crimination, and specific subcultural influences.

With those important caveats in mind, a great many studies suggest that
gay men are somewhat atypical (gender-nonconforming) as a group, in
terms of interests and other aspects of personality that are considered sex-
differentiated; there is less association between gender and sexual orienta-
tion in women, but many studies do find more masculine traits among les-
bians compared with heterosexual women (for instance, Whitam and
Mathy 1991; Lippa 2002; Udry and Chantala 2006; Lippa 2008). The
specific variable in this domain that may be of greatest interest is child-
hood play, especially toy preferences. At least in theory, this is one aspect
of personality and interests that is unlikely to be affected by the experience
of being gay or lesbian (because play behaviors are usually assessed for
early childhood). Retrospective recall bias probably inflates the extent to
which lesbians and gay men recall their childhood play behaviors as atypi-
cal, but one recent study used home videos from subjects’ childhoods to
demonstrate that gender nonconformity was in fact evident in children
who would later become gay and lesbian adults (Rieger et al. 2008). Below
and in the following chapters, I offer some cautions against too readily at-
tributing these associations to the influence of early hormones.

Sex-typed interests, especially childhood play, is the domain in which
girls and women with CAH are more consistently masculine than their
CAH-unaffected counterparts. However, data do not on balance suggest
sex atypicality in terms of personality and interests (often called “gender
role behavior”) among genetic females with atypical hormone exposures
other than CAH, nor for genetic males with sex-atypical early hormone
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exposures from any cause. Among nonclinical samples where some infor-
mation on hormones is available (for instance, hormones in amniotic fluid
or in maternal blood during pregnancy), there are mostly negative find-
ings. Neither study that examined hormones in amniotic fluid found any
relationship between testosterone and sex-typed play (Grimshaw, Sitar-
enios, and Finegan 1995; Knickmeyer, Baron-Cohen, et al. 2005), in either
girls or boys. (Several papers from a longitudinal study by Simon Baron-
Cohen’s team have reported associations between testosterone in amniotic
fluid and some indicators of sex-typed interests, but the findings are both
inconsistent across the various reports and unreplicated, as I detail in
Chapter 8.) Two studies have tested associations between testosterone and
sex-hormone-binding globulin in maternal blood, on the one hand, and
gendered behavior, on the other (Udry, Morris, and Kovenock 1995; Udry
2000; Hines, Golombok, et al. 2002). Both studies found associations, but
they are both small and contradictory between the two studies. (See Chap-
ter 8 for detailed discussion.)

This is a good time to return to the diagrams showing the network of as-
sociations that brain organization theory predicts. If the enormous varia-
tion in measurement and study design were not at issue, formal meta-
analysis would be ideal. Because that is not possible, the diagrams should
be understood as heuristic devices rather than precise representations of
the evidence. Just as with formal meta-analysis, the kind of synthesis I do
here involves a tension between aiming to include as much of the data as
possible and aiming to maintain precision in terms of which components
of domains show association with other variables, how variables are mea-
sured, and the precise nature of the relationships that have been found. For
example, an association between sexual orientation and a cognitive trait
might be found only in right-handed men, which raises the question of
whether and how to include that with associations that are found without
regard to handedness. I have resolved the tension in this way: the narrative
summaries above draw attention to gaps, discontinuities, and inconsisten-
cies, but the figures that follow err on the side of “lumping” the data to
generate a critical-yet-generous summary.

The evidence for virtually every trait studied is different for males versus
females, so it is important to map these associations separately by sex. Fig-
ure 7.8 shows the pattern of associations for genetic females, and Figure
7.9 shows the pattern for genetic males. Filling in the left side of Figure 7.8
from the cohort studies, early masculinizing hormone exposure is associ-
ated with more sexual orientation toward women and more “masculine”
toy preferences. But both of these associations are found only in women
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with CAH, and the sexual orientation difference is found only when CAH
women are compared with small and apparently unusual control groups,
not when compared with rates of same-sex desire or behavior among
women in the general population. The exception might be the subset of
women with the most severe form of CAH, among whom a high pro-
portion were initially “announced” and reared as boys, but later sex-
reassigned.

Filling in the right side of Figure 7.8 from the case-control studies, lesbi-
ans, as a group, tend to be more left-handed, or less consistently right-
handed, than heterosexual women, and also seem to have had more “mas-
culine” behavior as children, including toy preferences. Nonetheless, there
are two big problems with concluding that these two pairs of associations
mutually support brain organization theory. First, you can’t trace a causal
pathway that allows you to conclude that the association between left-
handedness and lesbianism is due to early hormones, because the only as-
sociation between early hormones and left-handedness is a weak and in-
consistent finding among women who experienced prenatal DES expo-
sure—but DES is clearly not associated with shifts in sexual orientation.
Second, as demonstrated in the discussion of how sexual orientation is
measured, the phenomenon of same-sex orientation is quite different be-
tween these two pairs of associations. The “lesbianism” that is linked with
prenatal hormone exposures is not at all the same as the “lesbianism” that
is linked with left-handedness or childhood toy preferences. In fact, most
of the case-control studies use a definition of “lesbianism” that would ex-
clude nearly all the subjects in the cohort studies—even though the latter,
as a group, have had the highest exposure to “masculinizing” hormones of
any women. In other words, the pattern of data strongly contradicts the
dose–response relationship that the theory would predict, a point I elabo-
rate below. Finally, given the broad variability among lesbians on the huge
array of variables that have been assessed, the general trend of similarity
among lesbians and other women, and the long history of important psy-
chological and somatic “differences” that have been found between lesbi-
ans and other women only to be discarded later (Terry 1999), one might
do well to recall the advice of Dr. A, and “not get bogged down in dogma
. . . thinking of lesbians as sort of like guys” (Dr. A interview, February 5,
1999).

For men, the pattern looks different, but equally problematic. First, con-
sider the left side of Figure 7.9. From cohort studies, there is no support
for the idea that hormonal variation among genetic males who are reared
as male is associated with sexual orientation. Likewise, cohort studies
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don’t indicate any association between male-typical cognition and mascu-
linizing hormone exposures. There does seem to be an association be-
tween DES exposure (a “masculinizing” condition) and increased left-
handedness (also masculine, so in accord with the theory). And finally,
there seems to be a very small association between androgen insensitivity
syndrome (a “feminizing” condition) and more female-typical digit ratios
among genetic males.

Moving to the right side of Figure 7.9, the case-control studies show as-
sociations between sexual orientation and both cognition and personality.
They also show associations between handedness and sexual orientation—
but this association is in the opposite direction to the previous two find-
ings. That is, though data are notably mixed, quite a few studies suggest
that gay men as a group have one or more aspects of cognition or person-
ality that are more feminine than heterosexual men, but gay men have a
slightly more masculine profile in terms of handedness. (Recall, too, that
the hypothesis that is supposed to reconcile this discrepancy—the notion
that gay men have experienced greater prenatal stress—is also not sup-
ported by evidence.) In the end, even with the generous interpretation that
lumps together scattered findings for various aspects of cognition and per-
sonality in order to support a link between these domains and sexual ori-
entation, there is no way to trace a loop between sexual orientation and
prenatal hormones for genetic males.

What if we loosened the criteria for evidence and included males with 5-
alpha reductase deficiency and other males who have anomalous or dam-
aged genitals, and who were therefore sex-reassigned as female and reared
more or less as girls? Keeping in mind all the caveats implied by that
“more or less,” there is a much higher rate of sexual orientation toward
women among this group than among genetic females who are reared as
girls. And among those who assign themselves back to the male sex in ado-
lescence or adulthood, there is a predictably masculine pattern of person-
ality and interests. If these cases were included, we could close the loops
that link sex-typed cognition and personality and interests (but not hand-
edness) to early hormone exposures. In the end, the decision to include or
exclude these cases is a subjective matter. Given that there is not even a
hint from any of the other cohort study designs that early hormone expo-
sures influence sexual orientation, I believe we should not ask these ex-
tremely idiosyncratic cases to bear much weight in the overall network of
evidence.

Considered together, data from the studies on cognitive traits, handed-
ness, anthropometry, and personality and interests suggest that, as the par-
ticular traits examined in case-control studies of brain organization have
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Figure 7.8. Two-way associations in genetic females. Support for the theory re-
quires at a minimum that we could trace a complete loop from prenatal hormones
to sexual orientation, from sexual orientation to another domain, and from that
second domain back to prenatal hormones. There is a complete loop if we focus
only on the case of genetic females with CAH, and on the (weak, but generally pos-
itive) association between sexual orientation and sex-typed personality and inter-
ests. This chain of associations is better explained by variables of biological and so-
cial context than by prenatal hormone exposures (see Chapter 9).
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Figure 7.9. Two-way associations in genetic males. Support for the theory requires
at a minimum that we could trace a complete loop from prenatal hormones to sex-
ual orientation, from sexual orientation to another domain, and from that second
domain back to prenatal hormones. Note that the associations between sexual ori-
entation and both sex-typed cognition and sex-typed personality and interests are
not entirely consistent. Because there is no complete loop, the theory is not sup-
ported for genetic males. Note that these associations do not include genetic males
who are reassigned and reared as females, nor males with 5-alpha reductase de-
ficiency; there are too many confounders in rearing conditions and adult gender
role for these data to yield a clear message.



proliferated, the evidence gets farther and farther from the theory—yet
many scientists, and many laypeople who follow the studies with great in-
terest, cling to the notion that better evidence is just around the corner. It’s
common for researchers to argue that small sample sizes, which make it
difficult to find statistically significant differences between groups, can ex-
plain major discrepancies in brain organization research on sexual orienta-
tion (Mustanski, Chivers, and Bailey 2002; Lalumiere, Blanchard, and
Zucker 2000). However, it is not simply the case that the many failures to
support the theory are due to small sample sizes, because the direction of
differences often defies the predictions of the theory. Virtually all of the
studies that find gay men to be more feminine on various traits are at odds
with those studies that link left-handedness with male homosexuality.
Conversely, the slight increase in left-handedness among lesbians is at odds
with the failure to find masculinization on other traits, such as the 2D:4D
ratio or spatial relations. Lesbians are not, on balance, more consistently
gender-atypical than gay men are, as would be required by the elaborate
story that has been spun around homosexuality and left-handedness.

If prenatal hormones really do create a sex-differentiated brain, includ-
ing directing sexual orientation, then homosexuality should be both more
frequent and more extreme among groups with more extreme cross-sex
hormone exposures. But that is not, in fact, what brain organization stud-
ies show. In fact, the cohort studies show that extreme cross-sex hormone
exposures are associated with only very small shifts in sexual orientation.
How can this be? The evidence defies “dose–response” relationships of the
sort that have made such a strong case for the causal role of hormones in
the development of genitals, and in certain behaviors among infrahuman
animals. Here is where the great difference in measurement of sexual ori-
entation between the cohort and the case-control studies becomes particu-
larly problematic.

Women with CAH have the “highest dose” of prenatal androgens, so it
is useful to ask what exactly “same-sex orientation” looks like among
women with CAH. Among studies that find more homosexual or bisexual
orientation, several find higher rates of same-sex fantasy or attraction but
not same-sex behavior (Dittmann, Kappes, and Kappes 1992; Zucker et
al. 1996; Gastaud et al. 2007). An article by Ralf Dittmann and colleagues
(1990, “Congenital Adrenal Hyperplasia I”) provides a helpful example.
In spite of extremely liberal statistics and a vast number of comparisons,
no sexual behavior item reached either “significant” or “trend” level, for
any age group; the only single item that reached significance—and it does
seem to be an interesting item—is that more women with CAH express the
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wish for a steady or long-term relationship with a female partner (6 of 34
women, or almost 18 percent, versus 0 for the sisters).29

As I’ve noted, while many studies do find increased rates of same-sex be-
havior among women with CAH compared with their female relatives and
other controls, most studies do not show same-sex orientation (fantasy or
behavior) among women with CAH to be any higher than among women
in the general population. Several large, population-based studies in the
1990s provided estimates of same-sex orientation and behavior in the gen-
eral population for the United States, as well as France and Great Britain
(Laumann et al. 1994; Sell, Wells, and Wypij 1995; Michael et al. 2001).
These studies have estimated that the proportion of women who have
same-sex partners sometime in their adult lives is somewhere between 1.8
percent and 3.6 percent, and the proportion who report being attracted to
other women runs from 8.6 percent to 18.6 percent. Thus, the differences
between women with CAH and control women are not necessarily be-
cause women with CAH have unusually high levels of same-sex orienta-
tion, but may be the result of unusually low levels of same-sex orientation
among comparison groups. This might be due to very small sample sizes,
especially among comparison groups. Even though CAH itself is rare, the
comparison groups are kept artificially small because of a belief that fe-
male relatives of girls and women with CAH provide the best control for
rearing experiences and social environment variables. In practice, investi-
gators include cousins as well as sisters—and even female relatives of
males with CAH, in some cases—so the strategy is of questionable value,
particularly because the ideal strategy for studying a rare condition is to
have a large unaffected-to-affected ratio.

It’s worth pointing out that the largest and most comprehensive study of
sexual orientation and CAH done to date confirms the general failure of
evidence from CAH to show that increasing levels of prenatal androgens
lead to increasing levels of female homosexuality, contrary to the authors’
interpretation. Heino Meyer-Bahlburg and colleagues (2008) have con-
ducted the only study of sexual orientation that includes women with the
mildest, nonclassical form of CAH. This subset of patients is especially in-
teresting because while a high proportion of women with the classical
form of CAH are born with masculinized genitalia, women with the non-
classical form are not. Yet women with nonclassical CAH still have some
increase in same-sex orientation compared with their same-sex relatives,
leading Meyer-Bahlburg and colleagues to consider their findings as a posi-
tive indication of a dose–response relationship between early androgens
and male-typical sexual orientation. There are four big problems with this
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interpretation. First, a dose–response relationship would be best indicated
by a progression of increasing same-sex orientation from the lowest level
of early androgens, seen in women with nonclassical CAH, through the
midrange of early androgens, seen in women with the simple virilizing
form of CAH, to the highest range, found in women with the most severe,
salt-wasting form. Instead, women with the simple virilizing form showed
less same-sex eroticism on all aspects of orientation than did the women
with nonclassical form (Meyer-Bahlburg et al. 2008, 91). Second, in-
creased same-sex orientation among women with the nonclassical form
does not fit well with brain organization theory, because according to most
evidence at this point, androgens are not elevated in these women until af-
ter the prenatal period when hormones are purported to organize the brain
for human psychosexuality (Meyer-Bahlburg et al. 2008, 96). Thus, the in-
crease in same-sex orientation in this group may speak more to other vari-
ables—possibly later hormone effects, including indirectly through self-
image in response to bodily masculinization, and just as possibly to the so-
cial effects of being told during late childhood, adolescence, or even adult-
hood that androgens are high and that personality and sexuality may be
affected (see Chapter 9 for elaboration). Third, only women with the most
severe, salt-wasting form had a rate of same-sex eroticism that is clearly
higher than general population levels, which for women are estimated to
be around 3 percent for same-sex behavior, and up to 19 percent when
same-sex attraction is included (Sell, Wells, and Wypij 1995). Fourth, note
that the control group in this study is again very small (just 24 unaffected
women, compared with a combined CAH sample of 141 women). Given
the relatively low prevalence of same-sex orientation in the general popu-
lation, it is not very surprising to find little indication of same-sex eroti-
cism in this group.

The way that Zucker et al. (1996) characterized their own sample of
CAH-affected women applies equally well to the pattern of findings across
the multiple studies of sexual orientation in CAH: “the majority of the
CAH women were exclusively heterosexual in their sexual orientation, de-
spite the clear evidence that such women were exposed to prenatal levels of
androgen that are in the range of normal males” (314, emphasis added).
Even strong proponents of brain organization theory occasionally notice
that this is unexpected, given the predictions of the theory. Wilson and
Rahman (2005), for instance, find it “surprising that larger shifts in sexual
orientation were not reported” in studies of women with CAH (75).

There is something badly wrong, then, when other researchers summa-
rize the evidence as indicating that in women with CAH, sexual orienta-
tion is “much closer to the male pattern” (Witelson, quoted in Weise
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2006), or that “lesbianism in these girls is off the charts” (Dr. I interview,
August 1998). The popular summaries of data on sexual orientation
among women with CAH can be particularly far-fetched. In her pop-
science book Why Men Don’t Iron, Anne Moir asserts that “48 percent of
them confess to having homosexual fantasies, and 44 percent are actively
lesbian” (Moir 2003, 46). Moir’s summary should raise eyebrows, even
aside from the gratuitous insinuation that same-sex fantasies are some-
thing to “confess” rather than merely “report.” This points back to the
last question about defining and measuring sexual orientation, to which I
promised to return. Given that these scientists don’t agree with each other
about who counts as a homosexual, how well do they agree with the rest
of us? Are the people designated “homosexual” in these studies the same
people that are generally thought of as homosexual in the real world?

Throughout this book, I argue that technical decisions associated with
measuring human sexuality are important at a number of levels. It is im-
portant to look at what scientists measure when they study sexuality, and
it is especially important to see how consistent their definitions are within
and between studies. But these technical decisions gain more meaning
when they are viewed in larger contexts. Each set of hypotheses and data
does not stand on its own, but is delivered by way of a scientific interpreta-
tion whereby the researchers guide readers toward the conclusions that
they believe are appropriate. As research findings are generalized beyond
particular studies or projects, the finer points of operational definitions
fade and general terms like homosexuality or masculinization are left to
carry the burden of meaning. Earlier I described measures as “assumption
containers,” through which certain ideas get carried along through and be-
yond scientific work, gaining the implicit authority of being “scientific”
without ever being tested.

In the dominant schema of brain organization research, sexual orienta-
tion is a fairly solid and well-defined variable. People generally are at-
tracted to people of the same sex or of the other sex; many fewer individu-
als are genuinely attracted to both. While social pressures may restrict the
amount of same-sex activity that some people have, and even push some
people into opposite-sex activity in order to “conform,” people’s fantasies
and behaviors would generally pretty much go together if their behavior
weren’t constrained by homophobic convention. According to these re-
searchers, it doesn’t really matter that much if you pick one aspect versus
another (such as fantasy, behavior, or identity) in order to “capture” sex-
ual orientation in a particular study population. If it is most convenient
to recruit subjects by self-identity, then confirm by sexual fantasies, you
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won’t get a different group than if you began by screening a much larger
group for behaviors, fantasies, and identity.

These important assertions can be checked against a large body of re-
search on sexual behavior, desires, and identity. From the studies in the
public health literature that separately report data on two or more of these
dimensions, one can see that it actually makes a great deal of difference
which is used as a gauge of orientation (see, for example, Laumann et al.
1994; Sell 1997; Diamond and Savin-Williams 2000; Young et al. 2000). It
is also important to note that most brain organization studies do not give
enough information to see how their definitions and exclusion criteria af-
fect the composition of their samples, though several investigators indicate
in published work and in interviews that they retain only subjects whose
sexual orientation perfectly lines up across all aspects of behavior, attrac-
tions, and identity. Technically, their selection methods add “consistency”
to the operational definition of sexual orientation. When scientists who do
this turn around and cite one another to support their definition of sexual
orientation as “stable” and “consistent” and a “dichotomous trait” (as Si-
mon LeVay, Dean Hamer, and Michael Bailey all do in recent books), this
is misleading. That is because their methods have forced a tight association
among fantasies, behavior, and self-declared sexual orientation.

These are teleological methods. Such methods do more than filter out
complexity and variation in terms of the subjects of any particular study.
And they do more than make brain organization theory seem stronger
than it actually is. They add to the overall literature on sexual orientation,
creating supposed evidence that sexual orientations come in neat catego-
ries, and making disagreement among specific dimensions of orientation
look unusual and respondents who “fail” to be consistent look like liars or
candidates for therapy.

Moreover, even if one adopts the most generous possible attitude to-
ward the measures used in brain organization studies, the findings across
the two main sets of studies cannot be reconciled with one etiological the-
ory. The people with the most extreme cross-sex hormone exposures show
little, if any, shift in sexual orientation. They also show no shift from typi-
cal populations in most other traits that supposedly signal early hormone
effects, and are therefore used to infer different hormone histories between
homosexuals and heterosexuals. And among the various studies in which
homosexual versus heterosexual subjects are compared for differences that
might implicate early hormone exposures, it is not just the case that there
are many negative findings (that is, findings of no difference, which might
be the result of sample sizes that are too small to find the effect). More im-
portantly, the direction of evidence is often broadly inconsistent across the
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studies. The data on left-handedness, which seems to be increased in both
gay men and lesbians, cannot be reconciled with one developmental theory
for sexual orientation for both sexes. Yet if sexual orientation develops dif-
ferently in genetic males and females, then brain organization theory can’t
explain the association of sexual orientation with cognitive or personality-
related traits in men. That’s because there is no evidence linking early hor-
mone exposures with sexual orientation in genetic males with typical rear-
ing. In short, the data aren’t just weak, they are broadly contradictory.

Some psychologists have expressed awareness that the pattern of evi-
dence doesn’t fit the current theory, and suggest that a revision in thinking
about the relationship between homosexuality and gender is in order. Even
Dr. A, who is quite convinced that sexual orientation is a fairly straightfor-
ward variable, thinks it is time to abandon the age-old “theory of inter-
mediacy”—the idea that gay men and lesbians are psychologically sand-
wiched between the dichotomous poles of masculinity (represented by
straight men) and femininity (represented by straight women). He suggests
it is better to “not get bogged down in dogma . . . thinking of lesbians as
sort of like guys. Think of them as killer women.” Further, “maybe hetero-
sexual men are less masculine than gay men in areas that count, like num-
ber of sex partners per lifetime” (Dr. A interview, February 5, 1999). Sev-
eral other researchers, including Michael Bailey (2003), James Lindesay
(1987), and Dennis McFadden and Craig Champlin (2000), have sug-
gested that gay men are “hypermasculine” in some important respects.

In my view, this is an interesting development, and promising insofar as
it suggests a willingness to leave behind brain organization theory (and the
“psychological hermaphroditism” idea in which it is anchored). But as
long as researchers try to shoehorn the data on the complexity of sexual
desires and the complicated and variable expression of “masculine” and
“feminine” aspects of personality and behavior into a tidy and linear
model that injects “cross-sex” hormones on one end and spits out homo-
sexuals at the other, such promising insights will go nowhere. What the
messy tug-and-clash of research on early hormones and sexual orientation
shows most clearly is the inadequacy of the current research paradigm.
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c h a p t e r e i g h t

Sex-Typed Interests

Of all the high-stakes claims that are built on brain organization
research, none is more important—or more popular—than the idea

that early hormones channel our fundamental interests into masculine or
feminine directions. Even before the research leaves the pages of scientific
journals, hormones are directly linked to career choices and chances, edu-
cation, the division of labor in families, and the “drive” to be a leader ver-
sus a nurturer (for instance, Yalom, Green, and Fisk 1973; Leveroni and
Berenbaum 1998; Berenbaum 1999; Udry 2000; Pasterski et al. 2005;
Knickmeyer, Baron-Cohen, Raggatt, et al. 2006). The issue shows up with
special frequency in the ongoing debate over why relatively few women
make it to the senior ranks of physics, engineering, and mathematics ca-
reers, especially in academia. Both scientists and laypeople are increasingly
likely to attribute sex differences in these fields to a variation in interests,
rather than in abilities (not to mention discrimination).

Once again, brain organization theory is right in the middle of the story.
In her report “Effects of Early Androgens on Sex-Typed Activities and In-
terests in Adolescents with Congenital Adrenal Hyperplasia,” Sheri Beren-
baum (1999, 108) drew a straight line from hormones, to sex-typed in-
terests, to sex disparities in the science professions: “Given associations
between interests and occupational choice . . . , it may not be surprising
that girls and women are less likely than boys and men to participate in



science and engineering. The findings suggest that this sex difference may
be influenced by early hormones.”

Outside the world of peer-reviewed journals, with their characteristi-
cally cautious prose, many psychologists and other scientists make even
bolder statements. In an invited address to the American Psychological As-
sociation meeting in 2007, Professor Roy Baumeister explained why psy-
chologists are now apt to focus on sex differences in interests instead of
abilities: “Several recent works have questioned the whole idea of gender
differences in abilities. Even when average differences are found, they tend
to be extremely small. In contrast, when you look at what men and women
want, what they like, there are genuine differences.” Baumeister went on
to apply this observation to the vexing question about sex disparities in
math and science faculties:

Maybe women can do math and science perfectly well but they just don’t like
to. After all, most men don’t like math either! Of the small minority of peo-
ple who do like math, there are probably more men than women. . . . And
by the same logic, I suspect most men could learn to change diapers and vac-
uum under the sofa perfectly well too, and if men don’t do those things, it’s
because they don’t want to or don’t like to, not because they are constitution-
ally unable (much as they may occasionally pretend otherwise!). (Baumeister
2007, n.p.).

I think we’d be hard-pressed to find many women who like changing di-
apers or vacuuming under sofas, either. Nonetheless, almost no one dis-
agrees that, on average, there are some sex differences in interests, motiva-
tions, or tastes. But what exactly are the key differences, and where do
they come from?

Many scientists and laypeople alike are convinced that scientific re-
search firmly points to the role of prenatal hormones, especially testoster-
one (Brizendine 2006; Bazelon 2008; Pinker 2008). But the research in
question, like all studies on how early hormone exposures affect later psy-
chology and behavior in humans, are quasi experiments. That means they
can’t stand on their own, but have to be evaluated together. Symmetry
principles, now familiar from the prior chapters where I evaluated studies
on masculine and feminine sexuality and sexual orientation, are the only
way to get a handle on the massive evidence about hormones and inter-
ests—because it isn’t enough to know that there is a lot of data. We want
to know whether the data are consistent, and, if they are not, exactly
where the weaknesses and contradictions are located.

My point is not to dispute the existence of sex differences in interests
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(I’ll say it: they do exist), nor to consider whether sex differences are good
or what we should do about them (“good” and “should” are never scien-
tific questions, after all, but moral and political ones). My focus, instead, is
on what we know about the causes of these differences. Of course, getting
more precise about the nature and extent of difference in male versus fe-
male interests does play a role in figuring out how such differences arise.
So there are two main questions I address in this chapter. First, what are
masculine and feminine interests—or rather, what do scientists think they
are? Here I won’t be surveying the vast body of research that tries to estab-
lish the nature of sex-typed interests, but instead will map out the ways
that scientists doing brain organization research define and measure sex-
typed interests. As we have seen before, in various traits related to sexual-
ity, scientists’ ideas about the phenomena they study are critical, because
shifting definitions and measures mean that studies don’t actually fit to-
gether in the way that they are typically understood to. Second, I’ll build
on this mapping of the concepts to ask what we actually know about the
origins of sex-typed interests. In the end, I think most readers will agree
that scientists have not made a compelling case for the role of early hor-
mones in establishing sex-typed interests. But before saying more about
that, let’s turn to how scientists think about the nature of masculine and
feminine interests.

A Grand Model: Evolution, Sex, and Interests

Currently many scientists see sex-typed interests (which they also some-
times gloss as “motivations” or “values”) as both preceding and amplify-
ing other psychological differences, such as those in some specific cognitive
skills. To understand the appeal and the importance of the focus on differ-
ences in interests, it will help to sketch the whole model of how interests fit
into an overall biological model of sex differences. Psychologist Gerianne
Alexander (2003) has recently put forward a model of sex differences in
interests that draws on evolutionary psychology, experiments on vision in
human infants and other animals, models of neural development and func-
tion for visual processing, and research that relates prenatal hormone ex-
posures to sex-typed interests in humans and other animals. Alexander’s
model is useful because she makes explicit the usually implicit assumptions
of the scientists who work on sex differences in interests. The general
framework of her argument is that sex-typed temperament is “a product
of the sexual differentiation of the central nervous system that evolved to
predispose an interest in stimuli that promote the acquisition of a gender
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identity and gender role” (12). In particular she suggests that attention to
movement served hunting skills in prehuman and early human males,
while attention to particular forms and colors gave selective advantage to
females who were naturally attentive to infants.

Alexander argues, in other words, that certain objective “perceptual fea-
tures”—apart from their cultural valuing as masculine or feminine—make
some objects more attractive to females versus males. For example, she
draws on an elaborate but selective review of data about visual processing
to argue that boys are more attuned to object movement and location,
while girls are more attuned to color, especially red or pink. She concludes
with the somewhat astonishingly culture-bound assertion that “it may be
more than a trivial coincidence that in our current culture we assign blue
to boys and pink to girls” (12). One doesn’t even have to leave the United
States to find this assertion odd. Anyone visiting my own Brooklyn neigh-
borhood filled with South Asian and West Indian immigrants can observe
that plenty of men and boys are quite comfortable wearing pink. Another
difficulty with Alexander’s elaborate story is that the association between
pink and femininity is very recent, even in the United States: until the early
twentieth century pink was considered a much “stronger” and more mas-
culine color, appropriate for boys, while soft “baby blues” were thought to
be the right color for girls (Smith 1989).

Putting aside some of the more questionable details and overreaching of
Alexander’s particular model, the idea of innate masculine or feminine in-
terests has some elements to recommend it. Alexander and other scientists
who work in this area (see, for example, Udry 2000; Baron-Cohen 2003a)
suggest that this is a dynamic, “biosocial” or “transactional” process,
whereby initial propensities are reinforced through social learning, and
that gender-bifurcated reinforcement in turn amplifies the original differ-
ences. In short, it is a material and interactive model for gender embodi-
ment—a literal incorporation of social gender into the physical self. This is
in principle exactly the kind of model for thinking about the interaction of
biological and social factors that feminist biologists and gender theorists
have been searching for (for example, Butler 1993; Fausto-Sterling 2000),
so the idea potentially has very broad appeal. Further, the model involves
a transformation of interests into skills: selective attention to particular
stimuli supposedly develops particular perceptual and cognitive strengths,
and also literally multiplies sex differences in the physical brain.

From the perspective of development, this is more satisfying than some
other models for relating biology to observed differences between the
sexes in arenas such as occupation. First, there do seem to be larger sex dif-
ferences in interests than in cognitive skills. Second, the story doesn’t rely
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on a flat “blueprint” version of neural development, but incorporates in a
general way more current information about how experiences physically
alter the brain. Therefore, it is more biologically accurate than unidirec-
tional models, and there is a concrete role for gender socialization in this
model. Third, on a gut level, interests seem to be more value neutral than
skills: it’s not that males or females are “better” or “worse” at certain
things, it’s simply the case that they value different aspects of the world.
Finally, as I have demonstrated in earlier chapters, there is very little evi-
dence that steroid hormones have an appreciable, direct influence on sex-
typed aspects of human cognition. Perhaps focusing on interests is a better
way to tie brain organization theory to sex differences in human behavior.

The research itself comprises a large and fairly representative subset of
brain organization studies. The most important research for studying how
early hormones affect sex-typed interests has been based on the condition
of congenital adrenal hyperplasia (CAH). As with sexual orientation and
other patterns of sexual behavior, the hypothesis in these studies is that be-
cause girls with this condition have very high androgen levels during fetal
development, when the brain presumably undergoes sexual differentia-
tion, they will be “masculinized”—that is, they will be interested in the
things that boys are interested in. Some other research designs that have
been used to investigate the influence of early hormones on interests in-
clude studying the offspring of women who were prescribed hormones to
prevent miscarriage, and studying girls with male “co-twins” whose tes-
tosterone may theoretically have affected the girl’s developing brain. (I de-
scribe all of the designs in detail in the second half of this chapter.)

The main point for now is to remember that these are observational
studies, meaning that scientists can’t do experiments on early hormone ex-
posures in humans, but can only observe and try to creatively analyze
what is happening without intervening. As with other quasi-experimental
research, the first step in putting the evidence together involves considering
how traits are defined and measured. There is not currently any explicit
definition of “interests” that is broadly shared by scientists in this field, but
most researchers at least implicitly link sex-typed interests to evolutionary
psychology, suggesting that certain categories of interests were differen-
tially important for males and females in early human history. Much like
Gerianne Alexander’s proposal, described above, Larry Cahill’s version
goes like this: males are interested in things that “might relate to the be-
haviors useful for hunting and for securing a mate” whereas females at-
tend to things that “allow them to hone the skills they will one day need to
nurture their young” (Cahill 2005, 45). Simon Baron-Cohen is another
psychologist who believes that early hormone exposures “sex” the brain,
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creating fundamentally divergent interests among men, in general, versus
women, in general. His view, in brief, is that women tend to be “em-
pathizers,” more interested in people, whereas men tend to be “system-
izers,” interested in “phenomena that are . . . lawful, finite, and determin-
istic.” Baron-Cohen phrases the sex difference in terms of motivations or
“drives”: “Empathizing is the drive to identify another person’s emotions
and thoughts and to respond to these with an appropriate emotion. . . .
Systemizing is the drive to analyze the variables in a system to derive the
underlying rules that govern its behavior. Systemizing also refers to the
drive to construct systems” (2007, 160).

Most other scientists doing this work do not look for perceptual fea-
tures of stimuli (as Alexander suggests), or to the categorical division of
“people” versus “law-governed phenomena” that Baron-Cohen prefers.1

Instead, they skip the broader theoretical formations and assess subjects’
preferences either by drawing parallels to animal research or by reference
to the contemporary objects, games, activities, and occupations for which
males and females show significantly different preferences.

From Functional Significance to Concrete Traits:
Measuring Sex-Typed Interests

Though seldom fully articulated, certain ideas about the functional sig-
nificance of sex-typed interests have been shared by virtually all scientists
exploring the influence of early hormones on humans. At the broadest
level, these scientists have presumed that feminine interests revolve around
nurturing and self-decoration and that male interests revolve around ac-
tion, social domination, and mastery of skills.2

In the earliest studies, John Money and his colleagues, especially Anke
Ehrhardt, simply worked from stereotypes about girls’ versus boys’ inter-
ests and activities, as well as women’s versus men’s. They conceived sex-
typed interests as central to “gender role,” which they defined as “every-
thing that a person says and does, to indicate to others or to the self the
degree in which one is male or female or ambivalent” (Money and Ehr-
hardt 1972, 4). Summarizing their first half-decade of research on the topic,
and couching their observations as provisional, Money and Ehrhardt ex-
plained:

It is a handicap in the study of sexually dimorphic behavior that, for all the
millennia in which men and women have existed, no one yet has an exhaus-
tive list of what to look for. Today’s information is not, therefore, final or ab-
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solute. With the safeguard of this proviso, one may sum up current findings
by saying that genetic females masculinized in utero and reared as girls have a
high chance of being tomboys in their behavior. (9)

They identified the elements of tomboyism as these: (1) male-typical
play, including vigorous activity, outdoor sports (“specifically ball
games”), and a preference for “the toys that boys usually play with”; (2)
“self-assertiveness in competition for position in the dominance hierarchy
of childhood,” especially seeking “a position of leadership among younger
children”; (3) lack of interest in self-adornment, with a preference instead
for “functionalism and utility in clothing, hairstyle, jewelry, and cosme-
tics”; (4) lack of interest in “rehearsal of maternalism,” specifically mean-
ing that “dollplay is negligible” and motherhood “is viewed in a per-
functory way as something to be postponed rather than hastened”; (5)
“priority of career over marriage, preferably combining both,” but spe-
cifically aiming for “achievement” in their careers; and (6) erotic responses
that “resembles that of men rather than women” (10).

Erotic interests have for many reasons been the subject of more investi-
gations than other aspects of sex-typed interests, but I put them aside in
this chapter. Erotics are usually not a major referent in discussions about
sex-typed interests and demographic patterns in labor or education, and
erotic interests are not readily assessed in children. Studies of other sex-
typed interests in young children have been especially important, because
of the assumption that these interests are less shaped by sex-role expecta-
tions and stereotyping than the interests and activities or even cognitive
patterns of adolescents and adults. (Given the extensive evidence that sex-
role stereotyping begins from the moment of birth, and that adults’ per-
ceptions of children’s activities, emotions, and traits are shaped by gender
expectations, this assumption bears close examination. I consider it exten-
sively in Chapter 9.) Erotics aside, then, this leaves five basic components
of sex-typed interests, each of which can be dichotomized into feminine
and masculine patterns, as Table 8.1 shows.

All of the early brain organization studies that reported on sex-typed
interests followed this general pattern, with only slight adjustments in
the expectations for older subjects (for instance, for older subjects, inter-
views assessed masculine versus feminine “hobbies” rather than “toys and
games”). Using clinical-style interviews to “sex-type” the interests of their
subjects, researchers reasoned that masculine interests include vigorous
activity, competition for leadership, and achievement in a career, while
feminine interests include self-adornment, nurturing—whether the dolls of
childhood or one’s own children in adulthood—and romance and mar-
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riage (Ehrhardt and Money 1967; Money, Ehrhardt, and Masica 1968;
Ehrhardt, Epstein, and Money 1968; Ehrhardt, Evers, and Money 1968;
Masica, Money, and Ehrhardt 1971; Yalom, Green, and Fisk 1973;
Money and Ogunro 1974; McGuire, Ryan, and Omenn 1975; Ehrhardt,
Grisanti, and Meyer-Bahlburg 1977; Meyer-Bahlburg, Grisanti, and Ehr-
hardt 1977; Kester et al. 1980; Ehrhardt et al. 1984).3 The findings were
most consistent for the two main intersex syndromes that were studied,
CAH and androgen insensitivity syndrome (AIS): genetic girls with the for-
mer syndrome (in which prenatal androgens are very high) were consis-
tently found to have more “masculine” interests than control girls. Con-
versely, genetically male (but female-reared) girls and women with AIS
(whose tissues cannot respond to the androgens their testes produce, so
they have a very feminine appearance) were found to have typically femi-
nine interests. In both cases, the “valence” of sex-typed interests seemed
to match with whether prenatal hormones were masculinizing or not, but
scientists agreed that the CAH evidence is more informative regarding
the role of hormones, because both hormones and social experiences are
female-typical for AIS girls and women.4 For that reason, I do not include
studies of AIS in the review of findings in this chapter.

The past few decades have seen the introduction of many childhood be-
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havior and interest inventories that highlight gender-differentiated aspects
of development; several were created to discriminate between children
with and without gender identity disorders (Meyer-Bahlburg, Sandberg,
Dolezal, and Yager 1994). Typically the standardized checklists that re-
searchers prefer have been validated by having samples of “normal” males
and females endorse interests and activities as masculine or feminine. This
may be done either by rating how well some item describes their own inter-
ests and activities, or by rating the item as “usual” or “appropriate” for males
versus females in general. For example, Melissa Hines (Hines, Golombok,
et al. 2002; Hines, Johnston, et al. 2002) as well as other scientists (such as
Vreugdenhil et al. 2002) have used the Pre-School Activities Inventory
(PSAI) (Golombok and Rust 1993), a measure on which a parent indicates
the child’s involvement with sex-typical toys, games, and activities. A pop-
ular measure for the sex-typed activities and interests of older children,
also based on parents’ report, is the Child Game Participation Question-
naire (CGPQ; based on Bates and Bentler 1973 as modified by Meyer-
Bahlburg, Sandberg, Dolezal, and Yager 1994). Many brain organization
studies have used either the CGPQ itself (for instance, Berenbaum and
Snyder 1995; Meyer-Bahlburg et al. 2004; Sandberg et al. 1995) or
CGPQ-derived measures (Rodgers, Fagot, and Winebarger 1998; Knick-
meyer, Wheelwright, et al. 2005; Jurgensen et al. 2007). The Child Behav-
ior and Attitude Questionnaire has also been used, often in conjunction
with the CGPQ (for example, Sandberg et al. 1995; Jurgensen al. 2007).

Researchers have many good reasons for using a wide variety of mea-
sures, and for thinking broadly about how to represent sex-typed interests.
Nonetheless, that makes it a complex process to identify studies that offer
data on the relationship between prenatal hormones and “masculine” or
“feminine” interests. Because of the strong tendency to focus on “positive
findings,” evidence about sex-typed interests is usually highlighted only in
studies that seem to support a link between hormone exposures and sex-
typed interests. Of course, as I explained when introducing symmetry prin-
ciples in Chapter 3, evaluation of a quasi-experimental network must
be comprehensive—and it especially must avoid the hazards of “cherry-
picking” data by overlooking findings that don’t support the theory. Thus,
people familiar with the literature may be surprised to see some studies in-
cluded here that aren’t usually mentioned as bearing on “sex-typed traits.”

It is especially important to be alert to this because researchers often de-
rive “sex-typed interests” from measures that have not been developed
specifically for assessing gender-related development, but that have items
or subscales on which boys and girls typically differ. One example is the
Child Behavior Check List (CBCL) (Achenbach and Edelbrock 1979),
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which was devised to assess behavioral problems. Another is the Perceived
Competence Scale for Children (PCSC) (Harter 1982), which was devised
to assess a child’s own sense of competence in the cognitive, social, and
physical domains, as well as her or his general sense of self-worth. Gordon
and colleagues (1986) explained that they used the PCSC to assess gender-
related interests, because “perceived competence is directly related to a
child’s motivation to engage in tasks and behaviors and his ability to suc-
cessfully complete them” (131, emphasis added). It is important to recog-
nize that different investigators sometimes use the same scale in different
ways, and their interpretations can affect whether or not children with
atypical hormone exposures seem to be gender-atypical (for detailed illus-
tration, see the discussion below of the measurement and findings related
to “aggression”).

Sometimes researchers use different measures because they are research-
ing people in a different age group, or who speak another language. Be-
cause their studies involve very young children, Simon Baron-Cohen and
his collaborators (especially Rebecca Knickmeyer and Svetlana Lutch-
maya) generally have not been able to use the same kinds of questionnaires
or even observational measures of play, toy preferences, and so on that
other scientists use. Instead, they have devised measures to tap the “people
orientation” and “system orientation” that they believe underlie the fe-
male and male brain types, respectively, and that can be used with infants
and toddlers. These measures have included, for example, the amount
of time spent looking at a hanging mobile versus a face at 1 day post-
birth (Connellan et al. 2000), or the amount of eye contact a 12-month-
old child makes with its parent (Lutchmaya, Baron-Cohen, and Raggatt
2002). As an attempt to directly measure a child’s budding “empathy,”
this group has also done a study in which children were asked to narrate
an animated film involving simple geometric figures. The researchers as-
sessed how often the children used “intentional” versus “neutral” proposi-
tions to describe the movement of the figures, reasoning that intentional
propositions reflect a child’s skill at understanding others’ perspectives and
action strategies (Knickmeyer, Baron-Cohen, Raggatt, et al. 2006).

Brain organization researchers often infer sex-typed interests from “gen-
der role behavior,” sometimes simply assuming that people’s activities re-
flect their interests, and sometimes directly inquiring about the degree
of ease, comfort, or pleasure derived from engaging in masculine- and
feminine-defined activities. For example, although the Recalled Childhood
Gender Questionnaire (RCGQ-R) (Meyer-Bahlburg et al. 2006) is not al-
ways understood as specifically tapping “interests,” the items (including
preferred games, toys, playmates, and clothing in childhood) are quite sim-
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ilar to scales that have been specifically constructed for that purpose.5

Measures of adult gender role reflect the amount of interest or attention a
person directs toward home versus career, type of job they hold and/or as-
pire to, hobbies, relationship patterns and role division with romantic
partners or spouses, and personality dimensions (such as “independence”
or “tough-mindedness”) that typically show sex differences.

To show how researchers’ ideas regarding gender role are largely cen-
tered on aspects of interests, motivations, and priorities, consider the
way sociologist Richard Udry and colleagues (1995) devised a measure of
“gendered behavior.” They created a single variable that included nineteen
measures (some of which are themselves complex measures) split into four
conceptual dimensions: “(a) HOME captures the relative emphasis on
home versus career and its consequences; (b) FEM captures characteristi-
cally feminine interests; (c) JOB captures feminine gender-related job at-
tributes; (d) M-F captures masculinity-femininity dimensions of personal-
ity tests” (361). Table 8.2 is reproduced from this study, because it gives a
good sense of the range and specific formulation of the questions that are
used to capture sex-typed interests in similar studies.

Udry and colleagues’ measure is helpful for reflecting on the complex
decisions involved in measuring sex-typed interests. The issue of what to
include is important, as is whether to use multiple items or single items to
capture a particular kind of interest. Both reliability (the consistency of a
measure, meaning that it is less vulnerable to measurement error) and va-
lidity (the extent to which a measure accurately captures the phenome-
non of interest) tend to be increased by combining multiple items into
scales or inventories that reflect a single underlying trait. But how items
are combined and how they are analyzed also matter very much (especially
whether scores are reported for composites only, or if results are also re-
ported for individual items). Many studies use so many individual items
and composite scales that it is easy to lose track of how many possible in-
dicators of sex-typed interests there are in a given study. This poses inter-
pretive problems, such as deciding what constitutes multiple comparisons
that should be statistically corrected. (As I have mentioned in earlier chap-
ters, multiple comparisons are like rolling the dice more times than you are
allowed in a game—it unfairly increases the chances of coming up with fa-
vorable combinations.)

Udry’s “gendered behavior” variable is an enormously broad composite,
comprising an unspecified number of specific items and scales over all of
the four domains that he identified. Because space is limited in a journal
article, we don’t see all the items or an explanation of how Udry has com-
bined them. Without that kind of detail, we can’t judge whether he is tap-
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ping a single construct (a trait he calls “gendered behavior”) or whether
he’s adding up apples and oranges. That is why scientists prefer to use
standard measures that have been validated. The point here is not to say it
is a bad measure, just to explain how complicated it is to try to represent a
broad abstract construct like “gendered behavior.” On the positive side,
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Table 8.2 Example of a composite measure of gendered behavior. Reprinted with permission

from Udry et al. 1995.

Factor Description

HOME Ever married to a man: yes is feminine.

No. of live births; high is feminine.

Index of sex role orientation (Dreyer, Woods & Sherman, 1991); traditional is

feminine; 16-item scale of gender role attitudes.

Importance of career; not important is feminine.

Importance of children; importance is feminine.

Domestic division of labour scale.

Sex-typed activities; 25-item questionnaire listing activities.

FEM Importance of Marriage; low is important, or feminine.

Feminine appearance factor (interviewer ratings of feminine demeanour, facial

attractiveness, use of jewelry scale, use of cosmetics scale).

Strong vocational interest inventory (20 items that most discriminate males and

females); high is feminine (have occupational interest responses more like

females) (Hansen & Campbell, 1985).

Likes baby care (selected items from maternal attitude questionnaire) (Miller,

1980 ).

JOB Proportion female in current or, if not employed at present, in last occupation.

Featherman socioeconomic index of current or last occupation; low is feminine

(Stevens & Featherman, 1981).

Proportion female in work unit on last job.

M–F Bem Sex Role Inventory, Feminine score (Bem, 1981); 10 female items.

Bem Sex Role Inventory, masculine score; 10 mle items.

Adjective check list, scored M%; masculine is high=checked adjectives to

describe self that a higher proportion of Americans rate as masculine; mean

of 300 possible items (Williams & Best, 1990).

Personality research form, masculinity score (Berzins, Welling & Wetter, 1978,

1981).

Personality research form, femininity score.



Udry incorporates all four conceptual dimensions into a single measure,
thereby avoiding the multiple comparisons problem that plagues many
other studies.

As we review the specific evidence below, it is important to keep these is-
sues about complex measures and multiple comparisons in mind. Most
importantly, recall that cause-and-effect conclusions are always difficult to
make in quasi-experimental research, but that results are considered most
robust if they hold up across different measures of the same construct.

The Example of Aggression

It can be difficult to find all the studies that bear on sex-typed traits be-
cause scientists most often look at multiple traits to see if they can discern
any influence from hormones, and research reports tend to emphasize the
traits where there is some evidence of such influence. The heterogeneity of
measures that I just described further complicates the issue. In the end it
is difficult, not only to track the findings, but also to interpret them. To il-
lustrate this problem, I will explore how the trait of aggression is con-
ceived and measured in various studies, how negative findings are espe-
cially likely to get lost, and how ultimately, evaluations in the literature
distort the evidence. Aggression is not a special trait in this regard—a fo-
cus on concern with appearance, nurturing, dominance, and other aspects
of sex-typed interests would show the same problems.

To begin with, aggression itself is somewhat contentious as an aspect of
sex-typed interests. On a theoretical level, aggression has been linked with
a presumed masculine interest in social domination; evolutionary psychol-
ogists have also suggested that aggression has adaptive significance for
males because it encourages success in competition with other males for fe-
male sexual partners. Baron-Cohen (2003a, 124) puts it this way: “In evo-
lutionary terms, the bravest and most skilled fighters in male-male compe-
tition would have earned the highest social status, and thus secured the
most wives and offspring.” (The link between male dominance and repro-
ductive success is almost an article of faith in evolutionary psychology, but
it is not consistently supported by empirical research on either humans or
other primates [see Haraway 1978; Parish and Waal 2000; Lucas et al.
2004]. While the greater propensity for certain forms of aggression, espe-
cially physical violence, among males is not itself especially controversial,
questions such as the extent of sex differences, and most importantly the
explanation for the sex difference, are all open to dispute [Fischer and
Mosquera 2001; Young and Balaban 2003].)
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The first analysis of aggression in humans with unusual hormone expo-
sures was included in Ehrhardt, Epstein, and Money’s (1968) report on
girls with the early-treated adrenogenital syndrome. Though the investiga-
tors found these girls to be “tomboys” who were more likely than typical
girls to be competitive and enjoy high-energy play, the girls were no more
aggressive than unaffected girls (selected from a public school sample, and
matched for sex, race, age, IQ, and socioeconomic status). (In this case, ag-
gression was measured by actual fighting.) Later, in their 1972 book Man
and Woman, Boy and Girl, Money and Ehrhardt maintained that “aggres-
siveness is not a primary trait of tomboyism. In fact, aggressiveness per se
is probably not a primary trait of boyishness either, except as a shibboleth
of shoddy popular psychology and the news media” (10).

A mere two years later, though, Anke Ehrhardt and her collaborator Su-
san Baker (1974) turned away from this view, embracing the idea that ag-
gression, along with rough-and-tumble play, was “one of the most consis-
tent sex differences found in normal boys and girls” (38). This thinking
was in line with their contemporaries. Eleanor Maccoby and Carol Jack-
lin, for example, argued in their massive study The Psychology of Sex Dif-
ferences (1974) that the consistency of sex differences in aggression across
human cultures and within nonhuman primates suggested a likely biologi-
cal basis for aggression. Ehrhardt and Baker’s work anchored a long line
of researchers who have sought, and sometimes found hints of, links be-
tween early hormones and aggression in humans. Though they found, in
agreement with Ehrhardt’s earlier study at Johns Hopkins, that “mascu-
linized” girls with CAH did not differ from their unaffected sisters or from
their mothers in fighting behavior, Ehrhardt and Baker determined to take
a second look, because “fighting behavior appears to be one of the most
consistent sex differences cross-culturally and in comparisons between
various mammalian species” (41). They reasoned that their initial data on
fighting were “quite crude” and promised that an analysis based on more-
detailed data would come later. But analysis of the more-detailed data on
aggression never were published, suggesting that those, too, did not yield
any evidence that the girls with CAH were more aggressive.

A few other investigators have asked subjects (or their parents) about
actual experiences with fighting, temper displays, and other aggressive be-
haviors (for example, Yalom, Green, and Fisk 1973; Lish et al. 1991;
Pasterski et al. 2007). It has been most common, though, to use paper-and-
pencil tests where subjects are presented either with hypothetical scenarios
and asked to choose their most likely response (Reinisch 1981; Berenbaum
and Resnick 1997; Alexander and Peterson 2004; Bailey and Hurd 2005;
Cohen-Bendahan, Buitelaar, et al. 2005), or with behavior inventories
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such as the Child Behavior Check List (CBCL) (Achenbach and Edelbrock
1979) used by Gordon et al. (1986) and Berenbaum and colleagues (2004).
Also, many brain organization studies employ personality scales, almost
all of which have items or subscales that measure aggression, such as
the Bem Sex Role Inventory (Bem 1974) used by Hurtig and Rosenthal
(1987), Udry, Morris, and Kovenock (1995), and Lish et al. (1991); the
NEO Five Factor Inventory (Costa and McCrae 1992) used by Fink, Man-
ning, and Neave (2004); and the Multidimensional Personality Question-
naire (Tellegen 1982), used by Berenbaum and colleagues (Berenbaum and
Resnick 1997; Berenbaum et al. 2004).6

The way aggression is measured and analyzed in a longitudinal study of
males and females with congenital adrenal hyperplasia illustrates a poten-
tial hazard of multiple measures of the same construct: investigators and
the readers of their studies can lose track of findings. In the one report
from that study that focuses exclusively on aggression, Berenbaum and
Resnick (1997) assessed aggression in three samples of people with CAH.
As others (such as Berenbaum and Snyder 1995; Pasterski et al. 2007)
have generally found, males with CAH did not differ from unaffected
males in any of the samples. Females with CAH, though, did differ from
control females, showing some indication of increased aggression in the
two adolescent/adult samples.

Yet the results are more complicated than that brief summary might sug-
gest. For one thing, the results differ depending on which measure of ag-
gression is used. Among the adolescents and adults in Sample 1, the CAH-
affected females scored significantly higher on the aggression subscale of
the Multidimensional Personality Questionnaire (MPQ). In Sample 2, also
adolescents and adults, the difference was not statistically significant, and
the trend was in the opposite direction, with the CAH group showing
lower aggression scores on the MPQ. (The MPQ was not used with Sam-
ple 3, the children under age 13.) For Sample 2 as well as Sample 3,
Berenbaum and Resnick also used another measure, the Reinisch Aggres-
sion Inventory (RAI). There were no differences between the children with
CAH and unaffected children, but the adolescents and adults in Sample 2
did show increased aggression compared with their unaffected relatives.
(Because these same women tended toward decreased aggression com-
pared with controls based on the other measure, the results should be
viewed as tentative, at best.)

A second complication is that a later report, based on all samples in
Berenbaum’s longitudinal study of CAH and again using the MPQ, contra-
dicts the suggestion of increased aggression that was found in Sample 1 of
the 1997 article. Highlighting the overall satisfactory level of psychologi-
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cal adjustment of children and adults with CAH, Berenbaum and col-
leagues (2004) noted that there were no significant differences between fe-
males with and without CAH on any measure. What they do not highlight,
however, is the fact that the measures in this study include two aggression
scales: the very same MPQ scale on which a single subsample showed a
difference in the earlier study, and the Child Behavior Check List (CBCL),
a measure of behavioral problems that includes an aggression subscale.7

Although Berenbaum herself had used the MPQ to measure aggression,
and other investigators (such as Gordon et al. 1986) looking for effects of
early androgen on aggression have used the CBCL, Berenbaum and her
colleagues were not focusing on aggression in this analysis. Instead, they
interpreted the similarity between CAH and unaffected controls on these
measures to indicate that there is no general disruption of psychological
health and development in CAH. Contrasting the null findings of this re-
port with other analyses showing differences on sex-typed traits, they ar-
gued that increased androgens in CAH have a specific effect on sexual dif-
ferentiation of the brain (Berenbaum et al. 2004).

I don’t mean to single out Dr. Berenbaum, nor Dr. Pasterski, nor studies
of aggression in particular, but to point out a general problem with studies
of sex-typed interests. Sometimes the same measure is interpreted as indi-
cating a “sex-typed trait,” and sometimes it is not. Worse, it seems that the
same measure is less likely to be interpreted as indicating a sex-typed trait
when the findings don’t support brain organization theory, so negative
findings are especially likely to drop off the radar screen.8 That makes it
exceedingly difficult to map the full findings of brain organization studies.
But it is possible to track the findings, and that’s what I do in the rest of
this chapter.

The Nitty-Gritty: How Do Findings on Sex-Typed
Interests Align for Different Research Models?

As long as one stays at a very general level, it seems accurate to say that a
great many studies point toward the influence of early hormones on sex-
typed interests. But scientific evidence cannot be meaningfully evaluated at
a very general level, especially when the evidence comes from quasi experi-
ments. Instead, it’s important to look at the data, paying attention to
consistency and variation across two dimensions. First, for each specific
research model (such as studies of CAH, or of exogenous hormone expo-
sures, or of variation in prenatal hormones among nonclinical popula-
tions), what are the specific aspects of sex-typed interests that have been
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assessed, and for which of these does there seem to be a correlation with
early hormone exposures? Second, looking across the different study de-
signs, where are the findings consistent, and where do studies either fail to
align, or actually contradict each other?

Once the findings have been evaluated across these dimensions, it’s im-
portant to consider the totality of evidence presented. In other words, for
those data that do look consistent across various study populations and
designs, is an interpretation in terms of organizing effects of steroid hor-
mones the most persuasive interpretation of differences between the study
groups? Deciding how to interpret the findings requires deciding, in turn,
how well scientists have addressed competing explanations besides early
hormone exposures. As we have seen, one key issue is the importance of
context—both social and biological context—for understanding the rela-
tionship between hormone exposures and behavioral outcomes. (I will re-
turn to this in detail in Chapter 9.)

The following discussion is organized around five main research models
where there are data bearing on early hormone exposures and sex-typed
interests: people with CAH compared to unaffected relatives or peers; peo-
ple with prenatal exposure to other exogenous hormones (these are peo-
ple whose mothers were prescribed estrogen and/or progestogens because
of “problem” pregnancies); studies in nonclinical (“normal”) people for
whom some markers of prenatal hormone levels are available (for in-
stance, from stored fluid samples from mothers who underwent amniocen-
tesis); studies of twins who have same-sex versus other-sex co-twins; and
studies that relate sex-typed interests to a physical trait that may reflect
early testosterone exposure, the 2D:4D finger-length ratio.9 Following the
conceptualization of interests among investigators in this field, I abstracted
“interests” variables according to the principle that these are distinct from
cognitive skills but may encourage the development of the latter through
selective attention and practice.10 Let’s take a look at the findings.

We’ll take twin studies as our first model (the hormone-transfer model).
Some investigators have tried to relate variation in sex-typed interests to
prenatal hormones by studying mixed-sex versus same-sex twin pairs. The
idea behind the twin studies is that the presence of a male co-twin will
raise the available testosterone during the critical period of sex differentia-
tion of the brain (because testosterone from his testes may circulate in the
fetal sac). Thus, girls or boys with male co-twins should have more mascu-
line interests (as well as other traits), compared with those who have a fe-
male co-twin. Three published reports have looked at gender-typed play in
twins, and two of them found no differences based on the sex of co-twin
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(Henderson and Berenbaum 1997; Rodgers, Fagot, and Winebarger 1998).
A third, by Resnick, Gottesman, and McGue (1993), reported that girls
with male co-twins scored higher on a measure of “sensation-seeking” but
that the sex of the co-twin made no difference for males. It’s hard to inter-
pret this because the measure itself—sensation-seeking—has rarely been
used in other studies. Moreover, as we shall see from many studies follow-
ing different designs, it is extremely common to find that some marker of
hormone exposure relates to interests in one sex but not in the other. The
difficulty is that there is no consistent pattern in terms of which sex seems
to be affected by normal variations in hormone levels (or even greater than
normal variations).

The only other twin study to report a difference in sex-typed inter-
ests was a report by Celina Cohen-Bendahan and colleagues (Cohen-
Bendahan, Buitelaar, et al. 2005), which found that girls with a male co-
twin were more aggressive; no other traits related to the presence of a male
co-twin. Dr. Cohen-Bendahan herself cautioned me to not place too much
faith in the findings of these twin studies. Dr. Cohen-Bendahan has turned
away from this research model as unpromising, after learning that a great
many investigators have examined their twin data for evidence of “hor-
mone transfer,” but have repeatedly found no evidence that either girls or
boys with a male co-twin were any different from children with female co-
twins (Cohen-Bendahan interview, October 2007).

A model that is currently very popular is the 2D:4D (digit-length ratios)
model. This model correlates sex-typed interests with a potential “bio-
marker” of prenatal androgen exposure known as the 2D:4D ratio. This is
the ratio of the length of the second (or index) finger to the fourth (or ring)
finger. We saw earlier that in humans the 2D:4D ratio is, on average, lower
in males than in females, and there are a number of indications that the ra-
tio may be affected by androgen exposures in early development. For ex-
ample, Baron-Cohen’s team found that masculinized 2D:4D ratios corre-
lated with higher testosterone-to-estrogen ratios in amniotic fluid (Lutch-
maya et al. 2004).

Before looking at the specific findings, it is important to briefly revisit
some of the reasons to be cautious about this model. These include the fact
that there is great variation in 2D:4D by geographic region and ethnicity,
while sex differences are smaller (in some populations nonexistent), and
there is a great deal of overlap in 2D:4D ratios between males and females
in the same population (Loehlin et al. 2006; Manning et al. 2004). More-
over, it is unclear whether 2D:4D is actually masculinized in CAH (which
it should be, if it is a marker of prenatal testosterone exposure) (contrast
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Brown et al. 2002; Okten, Kalyoncu, and Yaris 2002; Buck et al. 2003).
Further, recent evidence also suggests that women’s digit length is variable
over the menstrual cycle and is also affected by use of hormonal contra-
ceptives (Mayhew et al. 2007). If 2D:4D is not stable but is appreciably af-
fected by circulating hormones, then the finger-length ratio may not be
a good biomarker of early hormone exposures, and the research model
would be invalid for exploring brain organization theory. (The association
with contraception use is an important confounder when 2D:4D is exam-
ined in relation to sexual orientation, too.)

Still, more than a dozen published studies have linked 2D:4D to sex-
typed interests, and most of these have been published since 2000, which
indicates that the model is currently under very active exploration among
these scientists. (Note that there are several hundred reports in total that
investigate 2D:4D as a putative marker for early androgen exposure [Vor-
acek and Loibl 2009]. Here I focus on those studies that concern (non-
erotic) sex-typed interests.) Several reports have linked the digit ratio with
aggression, but findings disagree as to whether the effect holds for men
only, women only, or both (Bailey 2005; Benderlioglu and Nelson 2004;
Coyne et al. 2007; McIntyre et al. 2007; Hampson, Ellis, and Tenk 2008).
Voracek and Stieger (2009) suggest that a growing number of “nil find-
ings” suggest that there is no association in either sex. Several studies have
looked at other gendered personality traits (seen as related to interests or
motivation), and these, too, are mixed. Fink, Manning, and Neave (2004),
for instance, showed that “agreeableness” was correlated with 2D:4D in
women but not men, and elsewhere reported that “sensation-seeking” was
correlated with 2D:4D in men, but not women (Fink et al. 2006). Moore,
Quinter, and Freeman (2005) found no link between assertiveness and
2D:4D in women. Two studies have found that digit-length ratios were
correlated with occupational preferences in men, but the correlations were
in the opposite direction from one another. Weis, Firker, and Hennig
(2007), found the predicted correlation of “masculine” preferences with
lower 2D:4D, while McIntyre (2003) found the converse association.

Several studies have used more conventional measures of gender role or
gender conformity, but these also have not yielded consistent relationships
between 2D:4D and other sex-typed traits. Rammsayer and Troche (2007)
found mixed evidence, which they interpreted as showing, overall, a posi-
tive but weak link between 2D:4D and gender in men (not in women).
Csatho et al. (2003), on the other hand, found that a more masculine
2D:4D correlated with “higher, masculinized bias scores” on the Bem Sex
Role Inventory among women. Voracek and Dressler (2006) directly ad-
dressed Baron-Cohen’s typology of “empathizers” and “systemizers,” but
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found no support for the idea that traits linked to empathy or systemizing
were linked with digit-length ratios in either men or women.

In the end, studies tend to find only weak links, if any, between 2D:4D
and sex-typed interests, and there is contradictory evidence regarding
whether the digit ratio is a better marker for early androgen exposure in
men versus in women. Even the people who think this model is worthwhile
tend to damn it with faint praise, as when Hampson, Ellis, and Tenk
(2008) concluded: “The 2D:4D digit ratio may be a valid, though weak,
predictor of selective sex-dependent traits that are sensitive to testoster-
one” (133).11 Given the uncertainties about the model itself, as well as the
inconsistency of the results even from large studies, I am inclined to sug-
gest that this model doesn’t substantially add to our knowledge about the
origin of sex-typed interests.

A third model can be found in a small cluster of studies that draw on
physical evidence related to fetal hormones to explore sex-typed interests
in nonclinical populations. These include two studies correlating hormones
in amniotic fluid, collected for amniocentesis, with later interests (Grim-
shaw, Sitarenios, and Finegan 1995; Lutchmaya, Baron-Cohen, and Rag-
gatt 2002; Knickmeyer, Baron-Cohen, et al. 2005; Knickmeyer, Wheel-
wright, et al. 2005; Knickmeyer, Baron-Cohen, Raggatt, et al. 2006) and
two studies for which maternal blood serves as the indicator of prenatal
hormones (Udry, Morris, and Kovenock 1995; Udry 2000; Hines, Golom-
bok, et al. 2002).

The two maternal serum studies did find a positive correlation between
prenatal hormones and “masculine” scores on gender role behavior in fe-
males, but there is an important contradiction between the two. Richard
Udry (Udry, Morris, and Kovenock 1995; Udry 2000) has reported that
higher levels of sex-hormone-binding globulin (SHBG), but not testoster-
one, predict more masculine scores on a composite measure of women’s
adult “gendered” behavior. The second maternal serum study, by Melissa
Hines and colleagues (Hines, Golombok, et al. 2002), found a small but
statistically significant positive correlation between masculine play behav-
ior (measured via the Pre-School Activities Inventory, or PSAI) and testos-
terone. The correlation was apparent in girls only, and there was no con-
nection between sex-typed play and SHBG for either sex.

Aside from the contradiction between these two studies of hormones in
maternal blood in terms of whether testosterone itself or SHBG is a more
appropriate marker of fetal androgen exposure, there are reasons for cau-
tion. First, testosterone in maternal serum does not seem to reliably indi-
cate fetal testosterone levels (Cohen-Bendahan, van Goozen et al. 2005),
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so the model is not a terribly strong test of brain organization theory. Sec-
ond, Udry’s methods are not well described, and his findings are inconsis-
tent between his 1995 and 2000 report (Cohen-Bendahan, van Goozen, et
al. 2005).12 Third, in Hines’s study, though the measures used were much
more standard and her methods well described, testosterone in maternal
blood explained only 2 percent of the variance in gender role—an exceed-
ingly small effect. The correlation could certainly be real, especially given
the ample room for measurement error in the variables of interest (which
would tend to reduce any observed correlation, hence underestimating the
effect size).13

Now consider the amniotic fluid studies. There are two different studies
that relate hormones in amniotic fluid to the sex-typed interests of off-
spring, and one of these (a longitudinal study conducted by Simon Baron-
Cohen and colleagues, especially Rebecca Knickmeyer and Svetlana Lutch-
maya) has produced multiple reports relating to sex-typed interests. (Both
studies have also yielded reports on cognitive patterns, but I restrict my fo-
cus here to the findings on sex-typed interests.) Neither study that exam-
ined hormones in amniotic fluid has found any relationship between tes-
tosterone and sex-typed play (Grimshaw, Sitarenios, and Finegan 1995;
Knickmeyer, Baron-Cohen, et al. 2005), either in girls or in boys.14

The remaining reports from Baron-Cohen’s team are somewhat difficult
to relate to other studies, because the measures of sex-typed interests are
idiosyncratic. (Baron-Cohen’s lab has worked with children from the neo-
natal stage, when none of the standard measures of gendered behavior are
applicable.) Recall that Baron-Cohen’s theory is that the most fundamen-
tal difference in female and male personality and orientation toward the
world boils down to an interest in people versus an interest in phenomena
that can be “systemized.” To measure early tendencies toward such sex-
typed interests, Baron-Cohen and his team have devised measures that are
meant to reflect interests in people versus interests in objects in very small
children, as well as measures that are meant to indicate components of
“empathizing.” A number of the constructs they have investigated have
shown positive correlations with prenatal testosterone levels from am-
niotic fluid, including “restricted interests” and quality of social relation-
ships (Knickmeyer, Baron-Cohen, et al. 2005); the child’s tendency to at-
tribute intentional propositions to cartoon objects (Knickmeyer, Baron-
Cohen, Raggatt, et al. 2006), which may reflect a child’s ability to imagine
other people’s thoughts and intentions; and the amount of eye contact
an infant makes with its parent (Lutchmaya, Baron-Cohen, and Raggatt
2002).15 Nonetheless, a number of methodological inconsistencies across
the various reports, as well as the fact that all of these reports come from a
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single team and even a single cohort of children, suggest caution in attrib-
uting too much importance to the findings.16 Examples of important in-
consistencies include the way that they treat statistical outliers (girls with
very high levels of fetal testosterone) in the various reports, and variations
in their statistical modeling for relating both testosterone and other hor-
mones (such as estradiol) to sex-typed traits. Perhaps even more important
is the way this team’s findings contradict the best-designed study of testos-
terone in maternal blood, which is the study by Melissa Hines, Golombok,
et al. (2002), described earlier. In that report, Hines found that testoster-
one in maternal serum correlated in a small but significant way to the score
obtained by offspring on the Pre-School Activities Inventory, but that the
relationship was apparent only for girls, not boys. In the reports by Baron-
Cohen’s team, several aspects of sex-typed interests have shown a correla-
tion with testosterone among the boys, but none have among the girls
(within-sex analyses are more informative for this sort of study than the
analyses that look at the combined sample of children, even when they sta-
tistically control for sex). Given that there are very small numbers of girls
in this study, the failure to find a significant relationship between prenatal
testosterone and interests is not surprising, but it is somewhat surprising to
find this correlation for boys, given that Hines’s much larger study obvi-
ously had the statistical power to detect even very small effects, and found
none. One can imagine several ways to explain the discrepancy: maybe
Hines’s result is not meaningful, because maternal serum is not a good re-
flection of prenatal testosterone (this is a very real possibility, as Hines
found no association between testosterone levels in maternal blood and
the sex of the fetus). Or maybe Baron-Cohen’s result is not meaningful, be-
cause of sample limitations and methodological issues (such as the idiosyn-
cratic way that they have treated outliers in the analysis of their very small
sample). But the bottom line is that these anomalous results require one to
have faith in either Hines’s results, or Baron-Cohen’s, or possibly neither
one—but not both.

A fourth model is found in a large subset of studies focused on sex-
typed interests in people exposed in utero to exogenous hormones: syn-
thetic or natural progestogens or estrogens, alone or in combination. The
biggest hurdle in interpreting these studies has been the great variety of
hormone regimens involved, and the fact that many study groups are com-
posed of subjects exposed not only to quite different amounts of specific
hormones, but to different actual substances, and during varying periods
of gestation. Another major difficulty is that hypotheses regarding behav-
ioral effects of early exposure to progestogens are especially complex, be-
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cause subtle structural differences among specific progestogens lead to ex-
tremely different biochemical activity, the exact mechanisms of which are
still not well understood.

As a group, progestogens induce changes in the endometrium (the lining
of the uterus) that are necessary to support pregnancy, but beyond that
commonality there are important differences.17 Most critically, it is not
possible to sort progestogens into “purely” androgenic, antiandrogenic,
estrogenic, or antiestrogenic groups, because the substances have affinities
for a range of receptors and can either augment or counteract the meta-
bolic effects usually associated with testosterone or estrogen (Dubey et al.
2008). Thus it is hazardous to generalize about the effects on sexual devel-
opment that this entire class of hormones may have.

Nonetheless, because they are cited in literature reviews, studies of pre-
natal progestin exposure must be included when considering the role of
early hormones on sex-typed interests.18 In 1967 Ehrhardt and Money re-
ported that girls who were born intersex subsequent to prenatal progestin
exposure were in some ways masculinized (they did not employ a control
group, so I don’t detail the study). A few years later, Ehrhardt and her col-
laborator Heino Meyer-Bahlburg again studied progestin-exposed chil-
dren, but this time focused on a single progestin, MPA. Unlike the pro-
gestins she had studied before, which had masculinized the genitalia of
genetic females, MPA is considered a “true progestin”—it interferes with
androgens. Ehrhardt and Meyer-Bahlburg concluded that MPA feminized
girls’ behavior, though MPA-exposed and unexposed boys showed no dif-
ferences. But the group contrasts were quite small: even with extremely
generous statistical tests (which the authors justify based on the very small
sample), only two items out of a large but unspecified number of compari-
sons showed a significant difference between the MPA-exposed and unex-
posed girls: on average, MPA-exposed girls were less likely to be tomboys
and preferred more feminine clothing. Notably, exposed girls did not dif-
fer from unexposed girls on most of the usual items of sex-typed interest,
such as interest in marriage or children, sports interest or ability, or on
their interest in boys’ versus girls’ toys and games. Nor was there a consis-
tent trend: in general, the unexposed girls were almost as likely to have
more feminine scores than the MPA-exposed girls as they were to have
more masculine scores (see histograms in Ehrhardt, Grisanti, and Meyer-
Bahlburg 1977, 394–395). Still, in spite of the very small sample size (13
boys and 15 girls), the narrow findings, and the fact that after thirty years
it has never been corroborated, this study is often cited with a confident
gloss in reviews (as in Reinisch, Ziemba-Davis, and Sanders 1991; but see
Hines, Golombok, et al. 2002 for a more cautious interpretation).
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Contrast the long shelf life of Ehrhardt and colleagues’ study with a
much larger analysis of MPA-exposed children that was published a de-
cade later. In a study that has not been cited by a single research report or
review article on the “organizing” effects of hormones, Jaffe and col-
leagues (Jaffe et al. 1989) compared 74 teenage boys and 98 teenage girls
who had been exposed to MPA with 459 boys and 546 girls who had not
been exposed. Using standardized measures (including the Bem Sex Role
Inventory and the Buss-Durkee aggression scales) as well as interviews,
and employing a design with adequate power to detect even very small
group differences, Jaffee and colleagues found no indication that MPA ex-
posure was associated with more feminine or less masculine behavior in ei-
ther boys or girls. In fact, the only significant finding was in the opposite
direction to their working hypothesis: MPA-exposed boys were somewhat
more likely to be identified by teachers as “naughty in school” (Jaffe et al.
1989). How does the article that supports brain organization theory com-
pare with the one that contradicts it, in terms of subsequent attention? The
supportive article (Ehrhardt, Grisanti, and Meyer-Bahlburg 1977)—with
less than one-fifth as many subjects—has garnered more than 1.3 citations
per year since publication (41 total), while the contradictory article (Jaffe
et al. 1989) has a mere 0.16 citations per year (3 total).19 It is not clear to
me why this study is overlooked. Perhaps it is due to the general enthusi-
asm that scientists tend to feel for studies with positive findings, or perhaps
it is because it appeared in a journal (Contraception) that is not one of the
mainstays of brain organization researchers.20

While Jaffe’s findings have been totally ignored by brain organization re-
searchers, a very small study that was never even published shows up with
surprising regularity in reviews of the behavioral effects of early exposure
to hormones. Katharina Dalton presented a study of 12 progesterone-
exposed girls at a 1975 conference (cited in Ehrhardt, Grisanti, and Meyer-
Bahlburg 1977). Though the methodological flaws are serious enough that
they are routinely raised, Dalton’s unpublished results have been repeated
in numerous brain organization studies and reviews (Meyer-Bahlburg,
Grisanti, and Ehrhardt 1977; Reinisch 1977; Kester et al. 1980), lending
further credence to the idea that MPA feminizes behavior and person-
ality.21

The largest studies of exogenous hormone exposures have involved the
synthetic estrogen diethylstilbestrol (DES), either alone or in combination
with progestins. In Chapters 4 and 6, I described two studies of hormone-
exposed males conducted by Richard Green and colleagues (Yalom, Green,
and Fisk 1973; Kester et al. 1980). Both reports included findings relevant
to sex-typed interests. In the earlier report, “Prenatal Exposure to Female
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Hormones,” Yalom, Green, and Fisk (1973) found that teenage boys ex-
posed in utero to a regimen of estrogen (DES) plus progesterone were “less
aggressive-assertive” than control subjects; they also “[were] less competi-
tive, placed less emphasis on physical prowess, were less success-oriented,
and displayed less determination to achieve their goals than the combined
contrast groups” (557–558). Twenty 6-year-old boys exposed to the same
regimen were not found to differ from controls on measures of toy and
game interest, aggressiveness, rough-and-tumble play, or other measures
of sex-typed interests, though teachers found these younger boys to be less
assertive and athletic. A grain of salt is in order for accepting even these
modest findings: the researchers made a staggering number of compari-
sons, used very generous statistical methods (especially given the lack of
clarity regarding hypotheses for estrogens and progestins), and found
quite a few significant differences and trends that were in the opposite di-
rection to their hypotheses.22

The second study, led by Patricia Kester (a graduate student of Green’s),
offers a particularly murky picture of the effects of prenatal hormones—
again because of the huge number of comparisons, the heterogeneity of the
hormone exposures involved, and the lack of clear-cut findings in terms of
the direction of effects (Kester et al. 1980). The authors suggested that
their data showed the DES-exposed group to be more masculine compared
with those exposed to other hormone regimens (especially natural proges-
terone) and to unexposed controls, but this pattern was limited to a few
items (conventionally masculine reading preferences, less cross-dressing,
more boys as playmates, and more interest in sports). In contrast, the DES-
exposed boys obtained more feminine scores on the Bem Sex Role Inven-
tory, and lower scores on the aggression measures; most of their interests
and behaviors were indistinguishable from the other groups. The findings
regarding progestogen exposures were likewise mixed.23

Two other teams conducted analyses of exposure to various estrogens
and progestins. In 1984 Ehrhardt, Meyer-Bahlburg, and colleagues re-
peated their 1977 findings on MPA-exposed girls and added children who
had been exposed to other hormones prescribed for “problem pregnan-
cies.” They concluded that hormone-exposed boys were not very different
from unexposed boys but “hormone treatment seemed to be associated
with some degree of increased stereotypic femininity” in girls (Ehrhardt et
al. 1984). However, in spite of an overly generous statistical approach,
there was only one statistically significant difference between the exposed
and unexposed girls: prenatal exposure to a hormone regimen was associ-
ated with a preference for “child rearing over career in adulthood” (table
V, 470).24
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June Reinisch and colleagues studied 17 girls and 8 boys who were pre-
natally exposed to various estrogens and synthetic progestins, and two re-
ports from their study deal with sex-typed interests.25 Reinisch and Karow
(1977) split these children into three treatment groups, reflecting either a
high estrogen-to-progestin ratio (the “estrogen” group), a high progestin-
to-estrogen ratio (the “progestin” group), and more balanced ratios (a
“mixed” group). They reported significant differences between the pro-
gestin and estrogen groups, with the former children being rated as more
“independent, sensitive, self-assured, individualistic, and self-sufficient”
(257)—characteristics that have overall been interpreted as reflecting a
masculinization of personality (Jacklin, Maccoby, and Doering 1983). In
another report on these same children, Reinisch reported that, in a paper-
and-pencil test, progestin-exposed children were more likely to endorse
physical aggression as their probable response to a conflict situation, again
indicating that synthetic progestins had masculinized behavior (Reinisch
1981).

Yet, like the other data on progestins, these findings require scrutiny.
First, a three-way comparison among a total of 25 children is already
questionable. And second, only a subset of the children in this already
small study were exposed to progestogens that are currently considered
“virilizing”; some of them were exposed to the substance, MPA, that
Ehrhardt and Meyer-Bahlburg found to be linked to more feminine behav-
ior. It is not possible to retrospectively sort this out, as Reinisch did not
provide adequate detail to know how many of the subjects were exposed
to which hormones, except to note that 5 of 8 boys, and 4 of 16 girls were
exposed to the “most virilizing” form of synthetic progestogen, 19-nor-
17α-ethinyltestosterone (19-NET) (Reinisch 1981).

As I’ve described for other behavioral domains in previous chapters, one
of the most interesting trends in the literature is the shift in hypotheses—
and a troubling parallel shift in the data—regarding synthetic estrogen ex-
posures. Early studies, like the ones described above, mostly suggested that
the synthetic estrogen diethylstilbestrol (DES) would be associated with
more feminine interests. Kester and colleagues’ (1980) finding that men
exposed to DES alone were in some ways more masculine prompted them
to pay closer attention to developments in animal research on estrogen ex-
posures than had previously been the case in human studies. They noted
that their “provocative” findings could be explained by “evidence that es-
trogen, like testosterone, can exert a masculinizing influence on the devel-
oping central nervous system” (283), and cited seven animal studies dating
back more than a decade to support the point. As I showed in the review of
how ideas about sexuality changed in these studies (Chapter 6), it took a
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few years for researchers studying humans to pick up this shift in expecta-
tion. But once they did, investigators began looking for—and sometimes
finding—evidence that DES would masculinize (or defeminize) sex-typed
interests.

Like the findings on how DES might affect sexuality, though, the idea
that DES might affect sex-typed interests fizzled. One early study sug-
gested that gender-role was “masculinized” among DES-exposed women
(Ehrhardt et al. 1989), but a reanalysis of a larger and improved sample re-
versed that finding (Lish et al. 1991; Lish et al. 1992). Other large-scale
studies have consistently found no differences in sex-typed interests among
either women or men exposed to DES (Newbold 1993; Titus-Ernstoff et
al. 2003).26

Interestingly, even given the methods that consistently bias studies to-
ward supporting brain organization theory, there is no clear trend in terms
of a suggestion that exogenous hormones—whether alone or in combina-
tion—affect sex-typed interests. Disappointingly, one still often sees claims
in the scientific literature that exogenous progestogens and/or estrogens af-
fect sex-typed interests (Baron-Cohen 2003a; Berenbaum 1998; Cohen-
Bendahan, van de Beek, and Berenbaum 2005), perhaps because some of
the larger studies that contradict the earlier and more tentative suggestion
of organizing effects are still fairly recent.

The fifth model focuses on congenital adrenal hyperplasia (CAH). By
far the most consistent body of evidence related to sex-typed interests
comes from the study of children and adults with CAH, so I review these
in the greatest detail.27 As with other domains, relationships between hor-
mones and sex-typed interests have been demonstrated only for (genetic)
females, not males. In particular, boys with CAH do not differ from unaf-
fected relatives in terms of toy, game, or playmate preferences (Berenbaum
and Hines 1992; Berenbaum and Snyder 1995; Hines, Brook, and Conway
2004) or aggression (Berenbaum and Resnick 1997). Early on it seemed
that boys with CAH might have higher energy expenditure and greater in-
terest and/or skill in sports than their unaffected counterparts (Ehrhardt
and Baker 1974); later studies not only failed to confirm this, but some-
times even found a reversed pattern, with CAH boys showing less athletic
skill or lower levels of rough play (McGuire, Ryan, and Omenn 1975;
Hines and Kaufman 1994). Likewise, few studies have found differences
between males with CAH and unaffected males on other measures of sex-
typed interests and personality. McGuire, Ryan, and Omenn (1975) found
(contrary to hypothesis) higher scores on the “Adult Feminine” scale of a
masculinity-femininity inventory. The authors interpreted this result as “a
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consequence of their short stature and traumatizing developmental his-
tory,” which was “characterized by rapid growth which then subsided so
that by age 12 they were frequently the shortest males in their age group,
with strong feelings of anger, insecurity, and self-deprecation” (187). Simi-
larly, Berenbaum and colleagues’ (2004) analysis of psychological adjust-
ment in CAH found that adolescent and adult males with this syndrome
have significantly higher levels of negative emotionality and stress reaction
than unaffected males. In general, though, scientists agree that males with
CAH are not gender-atypical: they are neither more nor less masculine
than other boys and men.

Girls and women with CAH are a different story. According to Sheri
Berenbaum, one of the most prolific researchers of this syndrome and the
principal investigator of a longitudinal study of CAH that has yielded
nearly a dozen original research reports, this model has provided convinc-
ing evidence that androgen effects on sex-typed interests are not just dis-
cernible, but large (Berenbaum 1998; Berenbaum and Resnick 2007). In a
chapter written in response to the question “Why aren’t more women in
science?” Berenbaum and her collaborator Susan Resnick (2007, 150–
151) asserted that CAH is associated with a “masculinized” pattern for
“sex-related interests, including childhood toy preferences, adolescent ac-
tivity interests, and adult hobbies,” as well as masculine vocational inter-
ests, reduced interest in babies, greater readiness to use physical aggres-
sion, and a preference for boys as playmates. My review suggests that
“masculinized” interests among girls and women with CAH are much nar-
rower than this.

The most consistent findings, without question, concern play behaviors
among genetic females with CAH. Eight independent studies (some of
which have yielded multiple publications) have examined toy and game
preferences among children with CAH, and seven of the eight found that
girls with CAH were more likely than unaffected girls—sometimes much
more likely—to prefer toys and games that are considered “male-typical,”
and less likely to prefer toys and games considered “female-typical” (Ehr-
hardt and Baker 1974; Resnick et al. 1986; Dittmann et al. 1990, “Con-
genital Adrenal Hyperplasia I”; Berenbaum and Hines 1992; Berenbaum,
Duck, and Bryk 2000; Servin et al. 2003; Pasterski et al. 2005; Meyer-
Bahlburg et al. 2006). In particular, girls with CAH (or women with CAH
who are retrospectively questioned about their childhood behavior, as is
the method in several of the largest studies) report much less interest in
dolls. Several studies have also asked about playmates. While most boys
and girls prefer same-sex playmates, girls with CAH, on average, are more
likely to prefer male playmates than are unaffected girls (Meyer-Bahlburg
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et al. 2006; Berenbaum and Snyder 1995; Ehrhardt and Baker 1974; Hines
and Kaufman 1994; Servin et al. 2003).

As noted above, toy and game preferences in childhood also constitute a
major portion of childhood “gender role” or “gender-related behavior”
instruments. At least eight separate studies have compared CAH-affected
and unaffected girls on such composite measures of gendered behavior,
and most of them have found that girls with CAH are “more masculine”
than control girls (Slijper 1984; Dittmann et al. 1990, “Congenital Adre-
nal Hyperplasia I”; Berenbaum and Hines 1992; Zucker et al. 1996; Ser-
vin et al. 2003; Hines, Brook, and Conway 2004; Meyer-Bahlburg et al.
2006). Only one study found no differences (McGuire, Ryan, and Omenn
1975).

While there seems to be no question that girls with CAH are more “mas-
culine” in their choice of toys, games, and playmates than other girls, no
other aspects of interests or behavior show such strong findings. Perhaps
surprisingly, given that high energy expenditure and “rough-and-tumble”
play are central to the tomboy identity that is often conferred on CAH
girls, systematic investigations have weakened the early claims that girls
with CAH prefer rough or high-energy play (Dittmann et al. 1990, “Con-
genital Adrenal Hyperplasia I”; Hines and Kaufman 1994; but see Paster-
ski et al. 2007 for recent support).28

The interests and preferences that are assessed in studies of CAH are
fairly removed from the aspects of career and family life that are at the
heart of debates about biology and sex differences. The exceptions in this
regard are specific vocational interests, and the relative priority one places
on family and home life versus a career. Most studies have found that,
compared with unaffected girls, girls with CAH are less likely to prioritize
“marriage and motherhood” over careers (Ehrhardt, Epstein, and Money
1968; Hurtig and Rosenthal 1987; Dittmann et al. 1990, “Congenital Ad-
renal Hyperplasia I”), though one well-known study (Ehrhardt and Baker
1974) failed to find this difference. The few studies that have presented
specific findings on career aspirations or achievements among CAH-
affected females offer mixed evidence. In the only study examining actual
occupations (rather than attitudes or aspirations), Kuhnle and Bullinger
(1997) examined the occupations of 45 women with CAH and found that
most of the women were employed in female-typical positions, “and none
had reached leading positions” (513). Still, at least two studies have found
that girls with CAH show more interest in masculine occupations (Beren-
baum 1999; Servin et al. 2003).29

What about “real world” measures of interest in marriage and children?
What do the family lives of women with CAH look like? Most studies
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have found much lower rates of marriage and childbearing among women
with CAH, but many scientists doing these studies caution against attrib-
uting this too much to the effects of early hormones on the brain (Hurtig
and Rosenthal 1987; Mulaikal, Migeon, and Rock 1987; Stikkelbroeck,
Hermus, et al. 2003). For example, impaired fertility is a direct physical re-
sult of the disease in many cases.

Finally, the evidence to date suggests that girls and women with CAH
are not more aggressive than unaffected females. Only one study has found
the predicted increase in aggression among females with CAH: Pasterski
and colleagues (2007) found that parents were significantly more likely to
report aggressive behavior among their girls with CAH compared with
their unaffected daughters. But five other studies have not found increased
aggression in females with CAH (Helleday et al. 1993; Dittmann et al.
1990, “Congenital Adrenal Hyperplasia I”; Gordon et al. 1986; Ehrhardt
and Baker 1974; Slijper 1984).30 As I explained above, another study that
is typically interpreted to show increased aggression in females with CAH
(Berenbaum and Resnick 1997) bears reconsideration based on a larger
follow-up study (Berenbaum et al. 2004). The first study found that two
different samples of adolescents and adults each scored higher than con-
trols on one measure of aggression, while the sample of children did not
differ from controls. The more comprehensive study included one of the
two measures on which one of the samples was earlier found to be more
aggressive, and this time no differences were found between people with
CAH and controls. Given this pattern of results, even Dr. Berenbaum is
currently inclined to view them as “not strong” (Berenbaum interview,
June 2008). I would go further, and suggest that the overall evidence
points to no increased aggression associated with CAH.

The tendency in the literature is to interpret the findings on aggression
quite differently than I have done here, but that is because many studies
that bear on this question are overlooked. The literature review in the
2007 study by Pasterski and colleagues is illustrative. That report includes
a table that is meant to reflect the totality of data on CAH and aggression
(table 1, 369). The table does include a small study (Money and Schwartz
1977) that my own review omits because no control group was used and
no statistics were presented. As Pasterski reports, that study found no sug-
gestion of aggressive behavior related to CAH. Yet the table omits most
studies that employ direct measures of aggression (Slijper 1984; Gordon et
al. 1986; Dittmann et al. 1990, “Congenital Adrenal Hyperplasia I”; Hel-
leday et al. 1993; Berenbaum et al. 2004), none of which find that CAH
increases aggression. The table includes Berenbaum and Resnick’s early
(1997) finding of girls with CAH being more aggressive, but not the larger
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follow-up that found no differences (Berenbaum et al. 2004).31 It seems
plausible that Pasterski overlooked these studies precisely because they
find no suggestion of increased aggression among females with CAH; as a
consequence, aggression is not highlighted in the findings, nor mentioned
in the article abstract or keywords. This is how negative results get lost in
the literature: a search for “aggression and CAH” will not turn them up.

Let me pause here to emphasize that I do not mean to suggest scientists
are “hiding” negative findings, either their own or those of other scientists.
Rather, my interviews suggest that busy scientists, like everyone else, are
likely to lose track of or never notice all the interesting details of complex
studies, especially if those tidbits do not fit well with the dominant theory.
Selective reviews of the data—almost certainly not intentionally selective,
but selective nonetheless—keep alive certain hypotheses that should be put
to rest, like increased aggression among women and girls with CAH.

Putting the Pieces Together: Are Prenatal
Hormones the Best Explanation

for Sex-Typed Interests?

As I’ve noted throughout this book, it is critical to remember that brain
organization studies in humans are quasi experiments, and that as such,
they have to be considered together. It is especially important to see how
the findings from different research models and study designs fit to-
gether, because different study populations generally will involve different
uncontrollable (and frequently unknown) confounders, and different de-
signs have specific strengths and weaknesses. For example, children with
hormone-involved clinical conditions like CAH are likely to have had suf-
ficiently unusual hormone exposures during the relevant developmental
periods in question that—if the theory is correct—they should be different
from their “normal” peers. Yet these children also are often born with am-
biguous genitalia and have highly unusual rearing experiences and medical
histories. In contrast, studies of children for whom there are measures of
hormones in amniotic fluid avoid the confounding effects of being born
intersex and raised with a grave illness. Yet this model has other shortcom-
ings, such as uncertainty about the utility of a single measure of hormones
from amniotic fluid for estimating the “sex-typical” profile of hormone ex-
posures during gestation.

As it turns out, there is no specific kind of sex-typed interest that is con-
sistently linked to prenatal hormone exposures by more than one research
model.32 Moreover, the only model that has yielded strong and consistent
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data across different samples of research subjects, and with different teams
of investigators, is the study of girls and women with CAH.

Females with CAH have the highest levels of androgens, as a group, of
any human females, and their androgen levels are high throughout gesta-
tion. Thus, any trait that is a product of hormonally driven sex differentia-
tion of the brain should be more masculine in CAH-affected girls. This cre-
ates a fundamental disconnect between other research models and CAH,
in two ways. First, those traits that are not affected in CAH do not seem
like good candidates for being influenced by prenatal androgen exposures.
This eliminates everything except toy and game preferences, and possibly
playmate preferences and occupational interests, from the list of sex-typed
interests that might be “organized” by early hormone exposures. Second,
other models offer little suggestion that prenatal steroid hormones affect
sex-typed play, which is by far the most masculinized interest in girls with
CAH. A partial exception may be found in the small effect of fetal testos-
terone that Hines and colleagues (Hines, Golombok, et al. 2002) found for
play preferences. But given the size of the effect, questions about whether
maternal serum even reflects fetal hormone levels, and the lack of corrobo-
ration from other studies in nonclinical populations, what does this mean
in the real world? Probably not much. It remains possible that androgens
are a good explanation for the more masculine activity preferences of girls
with CAH, but it seems unlikely that androgens are a good explanation for
within-sex differences generally. (And without showing that hormones are
responsible for within-sex differences, we can’t conclude that they are re-
sponsible for between-sex differences. That’s because boys and girls are
systematically socialized quite differently—even when parents don’t mean
to, and don’t think they are doing so, as I will detail in Chapter 9; so we
can’t actually attribute male–female differences in interests to sex differ-
ences in early androgen exposures.)

While some aspects of interests are indisputably masculinized in girls
and women with CAH, perhaps an “organizing” effect of prenatal andro-
gens is not the best explanation. Note especially that few studies have at-
tempted to evaluate the effect of illness itself, or the medical intervention
that chronic illness entails. As an exception, Froukje Slijper (1984) com-
pared girls with CAH to girls with diabetes as well as to healthy controls,
and found that both groups of girls with chronic illness scored in the more
masculine range than controls on a gender scale. Slijper thus noted that
“being sick plays a role” in the effect on gender role behavior. Slijper’s
study is a good example of how scientists could actively explore alterna-
tive explanations for the differences they find between people with unusual
hormone exposures and those whose exposures have presumably been
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normal. Chapter 9 deals in depth with how scientists tend to “shoehorn”
findings into support of brain organization theory by omitting critical is-
sues of context—both biological and social context.

Constraints on the “Sex-Typed Interests” Story

In the end, whether one believes that differences between girls with CAH
and other girls are due to a direct organizing effect of androgens on the
brain, or to other factors, will probably not depend as much on the data as
on how satisfying one finds the CAH research model in terms of our over-
all knowledge about steroid hormones, developmental processes, and the
social world. However, there are some ways in which data on prenatal
hormones and sex-typed interests already offer constraints on the larger
model of evolutionarily derived and hormonally mediated sex-typed in-
terests.

Let’s go back to the issue of cultural change, which I brought up early in
this chapter. Not surprisingly, some researchers (and other critics) have
raised objections to the way children’s interests are interpreted as “mascu-
line” or “feminine” for these studies. Most scientists have not been con-
cerned that the measures were sexist or old-fashioned (at least that isn’t
their explicit concern). Instead, they worry that the measures are simply
out of date. As McGuire and colleagues put the issue in 1975, when pre-
senting new findings on CAH and reviewing some of Money and Ehr-
hardt’s early work:

It is likely, with regard to the general content of the interview, that cultural
and social changes may have ameliorated many sex-typed differences which
were far more pronounced during the mid-1960s, when Money’s research
was undertaken. The shifting of women’s dress, attitudes, and behaviors to-
ward those traditionally designated as masculine has accelerated greatly since
that time and necessitates regular updating of tests designed to measure sex-
typed behaviors and attitudes. Rosenberg and Sutton-Smith reported as early
as 1961 the need for revising their sex-typed norms; all of the changes repre-
sented the inclusion of masculine toys and games in girls’ repertoires, while
boys’ toys and game choices remained the same. (McGuire, Ryan, and
Omenn 1975, 187)

This may ring a bell. It is similar to the shifts in sex-typed norms for sex-
uality I documented in Chapter 5: several aspects of sexuality that had
been considered “masculine” were increasingly seen as normal for women,
but the standard picture of “masculine” sexuality did not appreciably
change. Yet, unlike the way that measures of sexuality have been quietly
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transformed, many of the measures of non-erotic sex-typed interests fa-
vored by scientists have never been updated.33 Theoretically, this could
mean that there is more continuity in measures of sex-typed interests than
there is in sexuality, but as I’ve shown, the complexity and variety of mea-
sures involved in sex-typed interests means that isn’t the case. Meanwhile,
there is still the real problem of how to deal with actual changes in behav-
ioral norms, and addressing this issue will mean revisiting some of the core
assumptions about why boys and girls seem to prefer certain toys. In par-
ticular, some of the changes undermine the idea that toy preferences are
“evolutionarily derived” and reflect certain objective features that have
“functional significance” for males versus females.

Children’s play has definitely undergone some changes (think of all the
girls playing soccer and basketball now compared with the 1970s), but
measures of play haven’t caught up. Routinely, toy inventories code all
building toys (like Legos and Lincoln Logs), as well as vehicles and sports
equipment, as “masculine,” because overall, boys are more likely than
girls to play with these toys. But how much of a sex difference does there
have to be to make something a “boys’ toy”? At the Barnard College grad-
uation in 2008, a gifted young graduate, Ruth Talansky, had been invited
to give “academic reflections” on her experience. Addressing her peers at
this all-female college, Talansky structured her talk around the image of
Legos, explaining that she chose the image because “we all played with
them, all the time, as children.”

A very interesting example of how abstract models about boys’ and
girls’ toys’ can be misleading is found in a study of girls with CAH in Swe-
den. Anna Servin and colleagues (Servin et al. 2003) are among the few sci-
entific teams who have used actual observation of play behaviors, rather
than interviews or questionnaires, to determine children’s play preferences.
Following a procedure developed by Sheri Berenbaum and Melissa Hines
(Berenbaum and Hines 1992), the scientists arranged toys that had previ-
ously been defined as masculine, feminine, or neutral in a semicircle on the
floor, and invited children, one at a time, to play with the toys however
they wished. Table 8.3 reproduces the results table on toy play from this
report. Although girls with CAH spent significantly more time playing
with masculine toys, and less time playing with feminine toys, than did the
control girls, the most popular toy with all of the girls was a toy coded as
masculine: the Lincoln Logs. Noting that “twice as much time was spent
with that toy as with any other toy,” the scientists addressed the discrep-
ancy by speculating that the character of this particular toy, as well as “its
novelty to Swedish children,” makes it inherently time consuming: “This
toy contains many different parts . . . and the means of putting the logs to-
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gether must be figured out” (447). This fits the nature of tasks that Baron-
Cohen has designated “systemizing”—the sine qua non of “boy play.” But
it was the most popular activity with girls.

Somehow the scientists seemed to overlook the fact that the second most
popular toy among both sets of girls was also a so-called masculine toy: a
garage with four cars (Servin et al. 2003, table 2, 445). (Certainly Swedish
children are familiar with garages and cars, so the draw there couldn’t
have been the sheer novelty of it all.) This time it isn’t necessarily the idea
of “systemizing” that takes a hit. Instead, it is the idea that “motion” and
objects with moving parts are intrinsically interesting to boys rather than
girls.

It is even more interesting to compare the amount of time the children
spent playing with these “boys’ toys” compared to the quintessential “girls’
toy” they were offered: a baby doll with a blanket. On average, the normal
control girls spent three times as long playing with the garage and toy cars
as they did playing with the baby doll (the Lincoln Logs–to-doll ratio was
more than 6 to 1). The only “girls’ toy” that was in the ballpark (if you’ll
excuse the boyish metaphor) with these boys’ toys was a pair of Barbie and
Ken dolls. (I suspect that Barbie and Ken were riding around in some of
those cars.) A glance at another result further confounds the designation of
toys as “masculine” and “feminine.” Each child was offered the choice of
a masculine toy (car), feminine toy (doll), or neutral toy (ball) to keep as a
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Table 8.3

Number of Seconds Spent Playing with Masculine and Feminine

Toys as a Function of Group

Control girls CAH girls

Toy M SD M SD

Masculine toys
Garage 123.5 133.4 161.3 181.3
Bus 24.7 79.7 36.3 102.7
Xmen 18.0 44.1 137.3 171.1
Lincoln Logs 253.4 272.5 298.7 266.0
Total 419.7 245.4 633.5 266.4

Feminine toys
Plastic tea set 36.0 49.0 8.8 16.4
Barbie and Ken dolls 118.0 165.7 58.6 119.1
Doll head 29.0 47.0 20.6 61.9
Baby doll and blanket 39.5 79.6 4.5 15.4
Total 222.4 199.8 92.5 151.5

Note. CAH= congenital adrenal hyperplasia.



gift. This alone is somewhat remarkable, because other scientists routinely
code ball play as masculine (for instance, Money and Ehrhardt 1972; Al-
exander and Hines 2002). But the real news here is the sad fate, again, of
the baby doll: even among the control girls, this toy was chosen least fre-
quently (control girls were about 36 percent more likely to choose the ball
than the doll; see table 3, 445).

How should we interpret these results? Servin and colleagues are per-
fectly correct in asserting that the girls with CAH did spend more time
with the so-called boys’ toys, on average (though, as they note, the differ-
ences aren’t significant for all of the toys). So there is a group difference.
But what about the idea that “boys favor construction and transportation
toys, whereas girls favor toys such as dolls” (Alexander and Hines 2002,
468)? Obviously, the larger story about sex-typed preferences is damaged
by the nitty-gritty details of studies like this.34

Returning to the broader picture of sex-typed interests, it’s hard to rec-
oncile some of the changes over the past few decades with the idea that
hormonally hardwired differences in interests are the key force behind sex
distribution in education, occupations, and the division of labor in fami-
lies. Just as the sexual revolution affected ideas about normal sexuality,
as well as actual sexual practices, the second-wave women’s movement
(among other forces) profoundly altered both ideals about gender roles
and the actual work and family lives of average men and women. Changes
in the sex ratio of students in higher education, and of new graduates
entering the professions, are arguably even more dramatic than the sex-
ual revolution. Here, long-standing patterns of sex difference not only
have narrowed, but have reversed. As sociologists Claudia Buchmann and
Thomas DiPrete (2006) observed:

Trend statistics reflect a striking reversal of a gender gap in education that
once favored males. In 1960, 65 percent of all bachelor degrees were awarded
to men . . . Women continued to lag behind men in college graduation rates
during the 1960s and 1970s, until 1982, when they reached parity with men.
From 1982 onward, the percentage of bachelor’s degrees awarded to women
continued to climb such that by 2004 women received 58 percent of all bach-
elor’s degrees. (515–516)

This trend isn’t limited to the United States, but is a strikingly global pat-
tern (Buchmann and DiPrete 2006). The changes are even more dramatic
when you consider professional degrees. In 1960, just 2 percent of all law
degrees in the United States were awarded to women; by 1993 that figure
had climbed to 42 percent. In the same period, the proportion of dentistry
degrees earned by women rose from 1 percent to 34 percent (Smith 1995);
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in medicine, it went from 6 percent in 1961–1962 to over 49 percent in
2007–2008 (AAMC 2009).35 Younger readers may not realize, and older
readers might need reminding, that until very recently it was common
opinion that women were generally not temperamentally equipped for
these careers.

CODA: Fun with Vervet Barbie

When sex-typed interests are mentioned in popular science coverage, it is
now de rigueur to include a study that seems to show sex-typed toy prefer-
ences in a nonhuman primate, the vervet monkey. Gerianne Alexander and
Melissa Hines (2002) devised a study of toy preferences in vervet monkeys
as a response to criticisms of brain organization studies, especially studies
of girls with CAH. Noting that critics have suggested that “toy preferences
in androgenized girls could reflect altered learning histories or altered cog-
nitive development,” Alexander and Hines sought a way to demonstrate
that “toy preferences may be associated with factors other than human so-
cial and cognitive development” (469). In other words, they wanted a
model that would help corroborate the interpretation that biological fac-
tors, especially hormone exposures, explain the findings of masculinized
play in girls with CAH. Their summary of the findings from that study
reads like a robust endorsement of biological influence on sex-typed play,
and it is worth quoting at length from their summary to understand how
much importance they and others have extracted from these results:

The percent of contact time with toys typically preferred by boys (a car and a
ball) was greater in male vervets (n = 33) than in female vervets (n = 30) (p <
.05), whereas the percent of contact time with toys typically preferred by girls
(a doll and a pot) was greater in female vervets (p < .01). In contrast, contact
time with toys preferred equally by boys and girls (a picture book and a
stuffed dog) was comparable in male and female vervets. The results suggest
that sexually differentiated object preferences arose early in human evolution,
prior to the emergence of a distinct hominid lineage. This implies that sexu-
ally dimorphic preferences for features (e.g., color, shape, movement) may
have evolved from differential selection pressures based on the different be-
havioral roles of males and females, and that evolved object feature prefer-
ences may contribute to present day sexually dimorphic toy preferences in
children. (467)

On the face of it, the study is a bit difficult to swallow. What, exactly,
could be the functional significance of a cooking pot for a female vervet, or
a toy police car for a male vervet? But the scientists’ reference to “object
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feature preferences” seems, at first, to offer a way around this. As long as
the toys are grouped as “masculine,” “feminine,” and “neutral,” and as
long as the attention is strictly on a comparison between the male and fe-
male animals, the idea that males and females have different preferences
for color, shape, and movement seems plausible. But what happens if we
remember that sometimes these toys are coded differently (as when Servin
and colleagues coded “ball” as a neutral toy)? And what happens if we
look at how “popular” any given toy was among the male and female ani-
mals (rather than looking only at sex differences)?

Let’s start with the male vervets. Overall, as Alexander and Hines note,
the male vervets didn’t show any significant difference in preferences for
“boys’” versus “girls’” toys. Looking at the specific items, male vervets
showed the strongest preference for the dog—a “neutral” toy that does
not exhibit any of the supposed underlying perceptual features of “boys’
toys.” The male vervets showed slightly lower but virtually identical pref-
erences for the next three toys in line—the ball, the cooking pot, and the
car. How about the female vervets? They showed the greatest preference
for the cooking pot, followed closely by the dog, and then the doll, each of
which got a roughly similar proportion of the overall contact. (Female
vervets had much less contact with the other toys, which could mean lots
of things. Perhaps the male vervets were more likely to be already “using”
those toys, so they weren’t available for the females. The point is that cer-
tain aspects of the testing situation, such as testing one toy at a time in a
group of animals, make it impossible to sort out some important ques-
tions.36)

Now return to Alexander and Hines’s explanation for their results. How
could these items have differential “functional significance” for male ver-
sus female vervets? Certainly vervets aren’t practicing future gender roles
when they play with cooking pots or police cars. To address this obvious
problem, Alexander and Hines argue that “the primate brain has evolved
specialized recognition systems for categories with adaptive significance,
such as emotional expressions and facial identity” (474). But these fea-
tures would apply to both the “female-coded” doll and the “neutral”
plush dog. Noting that there were no sex differences in preference for “toy
categories based on an animate-like (doll, dog) or inanimate-like (car, ball,
book, pan) distinction” (474), Alexander and Hines appeal to color to ex-
plain why the female vervets spent proportionately more of their time than
the males did in contact with the doll and the cooking pot: the doll face is
pink, and the pot is red. This is misleading, though, because the female
vervets spent slightly more time with the (nonpink, nonred) dog than they
did with the pink-faced doll.37
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The same shortcoming is apparent in their explanation of the male
vervets’ behavior. Reasoning that so-called boys’ toys like the ball and the
car are “objects with an ability to be used actively,” Alexander and Hines
speculate that these objects “afford greater opportunities for engaging in
rough or active play” (475). The male vervets “favorite” toy—by a wide
margin—was the plush dog, a toy that does not apparently lend itself to
rough or active play. And let’s not forget that the (boyish) police car was
roughly tied in contact time with the (girlish) cooking pot. Finally, it would
be extremely useful to see what the vervets actually did with the various
toys. How does a vervet know that the purpose of a cooking pot is not to
bang it, throw it, or use it to whack another vervet? Only by knowing the
human purposes of these objects can we sort them into categories that
seem to objectively reflect an “ability to be used actively.”38

At the end of the day, when we look systematically and concretely at
studies of male versus female “interests,” confident claims that these inter-
ests are significantly directed by prenatal hormone exposures appear to be
breathtakingly overblown. This is not to say that we know definitively that
hormones don’t have any such effects (remember basic logic: you can’t
prove a negative). But it is definitely the case that such effects are not
proven and (depending on your interpretive orientation toward the evi-
dence) are either unlikely to be meaningful or likely to be extremely subtle
and limited to fairly narrow domains.

So shall I end with the usual line that “more research will be necessary”
to sort this all out? Yes and no. Surely we need more research, but it
definitely should not be more of the same. For reasons that I will explain in
Chapters 9 and 10, I think it would be an extremely poor investment, both
scientifically and socially, to continue pouring resources into trying to di-
vide the indivisible—which is what a search for hormone effects, apart
from the rest of the developmental context, amounts to.
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c h a p t e r n i n e

Taking Context Seriously

Up to this point I have merely hinted at ways in which brain organi-
zation research ignores important elements of the social and biologi-

cal context of development. Scientists who study the influence of prenatal
hormones on sexuality and gender focus only on the early hormone envi-
ronment and either omit, or seriously minimize, factors that are unusual
for people with intersex conditions. In conducting and evaluating studies
of sexual minorities, brain organization researchers fail to consider how
sexual minority cultures may encourage some of the associations between
sexual orientation and gender that scientists instead attribute to the mu-
tual influence of early hormones. Likewise, scientists’ own research prac-
tices, especially their sampling schemes and their approach to assessing
sexual orientation, may lead to false associations between sexual orienta-
tion and the aspects of psychology and personal history they are assessing.
Finally, almost all scientists who do brain organization work systema-
tically neglect well-established evidence that the brain and the neuroen-
docrine system (not to mention the rest of the body) are not stable founda-
tions from which behavior and cognition emerge, but develop and change
in a constant dialectic with social and material “inputs,” including the in-
dividual’s own behavior, learning, and mood states. Too often such biases
push these scientists to attribute group differences—between sexual mi-
norities versus heterosexuals, in the latter case, and intersex people versus



healthy comparison groups, in the former—to hormone exposures, with-
out seriously entertaining other explanations that are at least as plausible.

This chapter addresses some key aspects of context that are systemati-
cally excluded from brain organization research. This discussion cannot be
exhaustive, but I hope to show that we already know enough to under-
stand that current research designs used in human brain organization re-
search are inadequate and effectively “load the dice” toward an interpreta-
tion that early hormones are a major determinant of gendered behavior
and sexuality. Because studies of CAH are so pivotal to the overall evi-
dence for brain organization, I’ll use CAH as the main example in this
chapter. I also discuss the social and biological context in other intersex
conditions, as well as the very specific case of normal males who are sex-
reassigned. Toward the end of this chapter, I put the very question of sex
differences into context by shifting the focus to intragroup differences and
intergroup similarities as a different way to understand sex, sexuality, and
gender.

Under the Knife and under the Gaze:
Gender and Sexuality in CAH

Let’s begin with a thought experiment to help us reflect anew on the dis-
tance between experiments on animals versus the quasi-experimental re-
search that explores hormonal organization of the brain in humans. Ex-
periments tell us a lot about context—that is, after all, the true meaning of
the placebo effect. When we want to evaluate a hormone manipulation or
a surgery in nonhuman animals, we don’t compare mice, birds, or rats
who have had injections or surgeries to animals who have not. We conduct
sham surgeries or inject inert substances. In part this is done to neutralize
the expectations of scientific observers: we need to obscure which animals
had the intervention so that when they are monitored for subsequent be-
havior or physical changes, the observers won’t unconsciously see what
they expect. Just as importantly, we do these things because we don’t
know the effect of all the physical manipulations that go along with the in-
tervention: the simple act of cutting tissue, the trauma of recovery, the re-
actions to anesthesia, and so on. These methods involve a healthy respect
for what we don’t know. Similarly, in clinical research with humans, scien-
tists always prefer randomization of experimental and control groups,
when possible, because a “post hoc” attempt to identify and statistically
control for differences between groups requires that the scientist must
already know what factors might be different between the groups, and
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might be important for the outcomes under investigation. In other words,
too much relies on what the scientist already knows or believes about what
causes the outcome she is studying. But if the flip of a coin determines who
gets an exposure and who doesn’t, and there are enough people in the
study, chances are good that most other relevant factors besides the expo-
sure that’s being studied will be fairly evenly distributed between the treat-
ment group and the group that gets the placebo.

So here is the thought experiment. Imagine that I am a scientist who
would like to understand how medical treatment affects the psychosex-
uality of girls with congenital adrenal hyperplasia. I devise an experi-
ment in which some children are randomly assigned to receive only routine
pediatric visits for eighteen years, and other children receive treatments
that mirror the typical intervention received by children with CAH.1 This
would include subjecting 90 percent or so to “feminizing” genital surgeries
to reduce the size of the clitoris and, in most, reshape the vagina. (I omit
the treatment with hormones such as glucocorticoids, because this would
create serious illness in children without CAH.) Most of these children
would get at least one additional surgery during childhood or adolescence.
In early adulthood, I would assess them to see if their sexuality or sex-
typed interests or cognition were any different from the children who re-
ceived routine pediatric care. Wait—certainly no ethics board would ap-
prove this research, even if I were unethical enough to propose it. And this
wouldn’t be a perfect experiment anyway, because I would not be compar-
ing “real” surgeries to “sham” surgeries, but girls with surgery to girls
without surgery.

What if instead I limit my proposal to an experiment regarding medical
monitoring—so I would not subject participants to surgeries, but would
simply randomly assign half of the subjects to receive medical exams every
three months or so, including close genital inspection and testing for size
and flexibility; repeated questioning about gender identity and behavior
(such as whether the child feels like a boy or girl and why, and what sorts
of toys they enjoy); querying of the parents regarding the child’s masculin-
ity or femininity; informing parents and the girls themselves that they may
or may not be fertile, but that they can certainly adopt children; and so on.
Again, no ethics board in the world would allow such an experiment.
Why? Because we can easily anticipate that such treatment would have
negative effects on the girls involved, as well as their parents. It might
make them feel insecure, vulnerable, and possibly even violated by the in-
tense scrutiny and genital manipulation. It might affect their relationships
with their bodies, the medical system, their peers, and even their parents,
for colluding with the treatment process. So how is it that these experi-
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ences—routine in the lives of children and families with CAH—can be ut-
terly discounted in the studies of intersex children and adults?

The Effect of Medical Interventions
on Sexuality in CAH

There have been very few formal evaluations of how girls and women with
CAH have experienced the treatment process, but the data that exist pres-
ent a stunningly negative portrait. Focusing first just on genital surgery, all
studies confirm that the idealized version of treatment, a single surgery in
early childhood to “normalize” the appearance and function of genitals, is
a very rare exception. The norm is a minimum of two surgeries, most com-
monly both in infancy and in adolescence and/or adulthood, either to fin-
ish “normalization” or to correct problems from earlier surgeries, includ-
ing stenosis, fistulas, and incontinence (eg: Mulaikal, Migeon, and Rock
1987; May, Boyle, and Grant 1996; Crouch et al. 2004; Crouch and
Creighton 2007; Stikkelbroeck, Hermus, et al. 2003). The vast majority of
women and girls with classic CAH, even in fairly recent studies, have had
clitoral surgeries (see, for example, May, Boyle, and Grant 1996; Servin et
al. 2003; Pasterski et al. 2005; Meyer-Bahlburg et al. 2006). Of 18 girls
studied by May and colleagues in 1996, 15 had total amputation of the cli-
toris (clitoridectomies) and 2 more had clitoral “recession”—a reduction
of the clitoris that involves removal of the erectile tissue (482). Though the
intent of this less drastic surgery is to preserve erotic sensation, there are
now ample data to conclude that it is virtually impossible to avoid massive
nerve damage with any of the clitoral surgeries yet developed (Crouch et
al. 2004; Karkazis 2008, esp. chap. 5).

Outcome studies of genital surgery are difficult, in part because con-
stantly evolving techniques mean that any evaluations will necessarily in-
volve “older” surgical approaches (Karkazis 2008). This is of crucial im-
portance to parents and clinicians who must ask questions about the
hoped-for benefits of genital surgery (Will it make the child look “nor-
mal”? Will it allow “normal” sexual function?) and weigh these answers
against the risks (Will clitoral sensation be damaged or destroyed? Will the
process require multiple surgeries? Will scarring and growth make the va-
gina less functional over time?). But the issue of surgical outcome as a
moving target is less relevant for the purposes at hand, because the salient
point for evidence regarding brain organization is that the women from
whom extant data on gender, sexual practices, and sexual orientation have
been derived were treated with these same “outmoded” surgical tech-
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niques. So it is important to recognize that these surgeries often do not
have the intended effect: somewhere between one-third and two-thirds of
adult women with CAH have a vaginal opening that is not adequately
large or flexible to permit heterosexual intercourse (should they desire
this), and the vast majority of women have either impaired clitoral sensa-
tion or no sensation at all (Crouch et al. 2004). One of the few long-term
outcome studies to report on multiple components of sexual function
strongly indicates that, for most women with CAH, vaginal penetration is
painful. Gastaud and colleagues (2007) found, first, that “37% (13 of 35)
said they never had heterosexual intercourse with vaginal penetration”;
moreover, 81 percent of the women who did have heterosexual intercourse
experienced pain during vaginal penetration (1393). This report also in-
cluded data on lubrication, orgasm, and overall satisfaction with sex acts.
They found severe impairment in all aspects of sexual function in women
who had been born with the most severely affected genitalia (Prader IV–
V); notably, even though these researchers had expected to find lower sex-
ual functioning in this group, they reported that the “extent of these differ-
ences . . . was unanticipated.” Given the extent and number of “femini-
zing” surgeries in this group, which is even substantially higher than for
the other women with CAH, it is curious that this finding should come as a
surprise. Moreover, the women with CAH who had less severely affected
genitalia (Prader stages I–III) also reported significantly higher rates of
vaginal pain, and less lubrication and orgasm, than the healthy women to
whom they were compared (1394). Another study found similar results,
even when CAH women were compared, not to healthy controls, but to
women with early-diagnosed diabetes mellitus (which may also impair
sexual function): CAH women were found to be less sexually experienced
in all areas, and reported higher levels of penetration difficulties, pain, and
lubrication problems, than the diabetic women (May, Boyle, and Grant
1996).

While the idea that women with CAH are more likely to be bisexual or
lesbian is perhaps the most widely popularized finding from studies of sex-
uality in this condition, the evidence has long indicated that the most pro-
found difference in sexuality between women with CAH and unaffected
women is that the former have very low rates of sexual activity and part-
nerships across the board, as well as lower levels of sexual arousability,
genital sensation, and orgasmic capacity. In a very large study that is now
more than twenty years old, Mulaikal and colleagues found that the sexual
orientation and activity women reported was more closely related to their
vaginal condition than to the degree of prenatal androgen (180). This
is not surprising, given that heterosexual eroticism typically centers on
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penile-vaginal intercourse. Whether this is simply taken for granted as the
normal and natural state of affairs (as is the case in virtually all brain orga-
nization research) or bemoaned as a male-centered definition of sexuality
that women can and should challenge (Koedt 1976; Tiefer 2004; Jackson
1999), there is virtually no one who questions that intercourse is, in this
time and place, the very definition of “sex” for heterosexuals. (In spite of
the great consternation that followed Bill Clinton’s assertion that he “did
not have sex with [Monica Lewinsky],” empirical research has repeatedly
demonstrated that heterosexuals do, in fact, interpret “having sex” to be
synonymous with penile-vaginal intercourse (Bogart et al. 2000; Sanders
and Reinisch 1999). Is it so surprising, then, that women who, as a group,
have extremely low rates of “typical” vaginal function would also have
somewhat increased rates of at least fantasizing about female partners,
where sexual intimacy would not necessarily hinge on the depth and flexi-
bility of the vagina?2 And that is only to consider the physiological effect
on genitals that medical treatment of CAH has.

What about the psychological effects? In one follow-up study, women
with CAH “used a language of ‘rape’, ‘invasion’ and ‘violation’ when talk-
ing about vaginal examinations and other procedures carried out during
visits to paediatric and adult clinics” (May, Boyle, and Grant 1996, 491).
This is consistent with the stories that intersex adults as well as the par-
ents of intersex children told to medical anthropologist Katrina Karkazis
(2008), which she relates in her book in Fixing Sex: Intersex, Medical Au-
thority, and Lived Experience. Medical visits every three or four months
are often considered necessary to monitor children’s hormone levels as
well as their response to treatment. As Karkazis documents, girls with
CAH, as well as their parents, often experience the genital scrutiny as “in-
trusive and dehumanizing,” as well as of questionable medical value (190).
The words of several of Karkazis’s informants, all of them parents of girls
with intersex conditions, powerfully make this point:

If she’s helping other doctors to learn about it, that’s fine, but when she gets
older I don’t want everyone poking and prodding her and every doctor expe-
rience to be, “I’ve got to look between your legs.”

My daughter knows where the focus [is], and she doesn’t like it much. . . . [the
doctor] has made a big point about how she has to examine her. She has to. I
accepted that the first couple of times, but things have been tense enough be-
tween us about the fact that we aren’t going to do the surgery.

I constantly ask [the endocrinologist]: “I know you have to monitor her clito-
ris, but at what point can this stop? At what point can my daughter say, No,
I’m not comfortable with you looking at my bottom like that?” He hasn’t
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given an answer yet, but I want to raise my daughter to be able to tell some-
one “No” when someone is doing something that doesn’t feel comfortable.
I’m cringing to think about this happening when she’s thirteen. This is an aw-
ful enough period for a young girl, how does that affect her confidence that
every time she goes in the doctor’s office, someone’s pulling her pants down
and looking at her? (Karkazis 2008, 190–191)

It is not only heterosexual intercourse, or even sexual partnerships, that
are affected by the physical and psychological interventions meant to “nor-
malize” sexual function for women with CAH. Masturbation, too, is less
frequent and less pleasurable for women with CAH. The report by May,
Boyle, and Grant (1996) offers particularly poignant data on the relation-
ship between masturbation and the medical interventions that women
with CAH have endured. Less than half of the women with CAH reported
ever masturbating, compared with three-quarters of the women with dia-
betes, but women with CAH “commonly spoke about masturbation as a
necessary medical procedure rather than primarily as a sexual activity”
(484). That is, they associated masturbation with dilation required to keep
the vagina open, or as a way to understand the medical interventions they
had received, as several of the women’s comments illustrate:

[masturbation] was necessary to keep it [the vagina] open

I have done so, everybody does, I used to have to, I would explore—what had
[the surgeons] done?

Even now, I’ve never thought about it for enjoyment.
(May, Boyle, and Grant 1996, 484)

Most women masturbate by stimulating the clitoris, which is the most
efficient way to achieve orgasm (Lloyd 2005), but these comments seem to
suggest that women with CAH may more often think of masturbation as
vaginal penetration, perhaps because this has been so explicitly prioritized
in the way they have been medically “prepared” for sexual interaction.

Thinking about masturbation provides a particularly good opportunity
for reflecting on the fact that, in the early studies of CAH, investigators
both hypothesized and evidently found that brain masculinization by an-
drogens had led to higher levels of masturbation, as well as virtually all
aspects of sexuality that were at that time considered “masculine” (for
instance, Money 1965c; Ehrhardt, Epstein, and Money 1968; Masica,
Money, and Ehrhardt 1971). Even in studies of other populations, such as
boys exposed to estrogens in utero, or boys and girls exposed to proges-
togens, there was unequivocal consensus among early brain organization
researchers about which aspects of sexuality were masculine: masturba-
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tion, visual arousability, libido, number of partners, initiation of sexual ac-
tivity, being “adventurous” or “liberal” in sexual attitudes, and versatility
in coitus (for instance, Ehrhardt, Evers, and Money 1968; Money and Al-
exander 1969; Masica, Money, and Ehrhardt 1971; Yalom, Green, and
Fisk 1973; Lev-Ran 1974a, 1974b; Money and Ogunro 1974; Money and
Daléry 1976; Kester et al. 1980; Hurtig et al. 1983). But as evidence from
more girls and women with CAH (and also from girls with masculinized
genitalia secondary to prenatal progestogens) showed that they tended to
be “late bloomers” and more “conservative” or “reserved” in regard to
dating and sexuality (for example, Money and Schwartz 1977; Slijper
1984; Hurtig and Rosenthal 1987; Dittmann, Kappes, and Kappes 1992),
those expectations were dropped, and investigators focused single-
mindedly, for a time, on sexual orientation. In the 1980s and most of the
1990s, investigators sometimes presented information on sexual activity
without explicitly invoking brain organization theory (Kuhnle et al. 1993;
May, Boyle, and Grant 1996).

Remarkably, though, by the late 1990s brain organization theory re-
turned, but the interpretation made a 180-degree turn from the original
prediction. When lower levels of libido, sexual activity, sexual partner-
ships, and fertility among women with CAH are now interpreted in the
framework of brain organization theory, they are taken as possibly or
probably indicating brain masculinization (Zucker et al. 1996, 2004;
Meyer-Bahlburg 1999). This reversal in the interpretation of evidence re-
garding what constitutes masculinization not only destabilizes the scien-
tific basis for brain organization theory (as I explored in detail in Chapter
6), it requires pushing aside more observable and proximate factors that
impinge upon sexual function, in favor of the presumption of early hor-
monal influence. The consequences are not just that brain organization
theory continues to be given more weight than it merits. These studies,
with their fixation on early hormonal effects, have contributed to a sys-
tematic disregard for how medical intervention harms women with CAH
and other intersex individuals who are subjected to cosmetic, but medi-
cally unnecessary, genital surgeries.

Let me be clear: I am not implying that clinicians involved in the medi-
cal treatment of intersex individuals are malevolent. Karkazis painstaking
documents clinicians’ dedication and even passion to improve treatment
for their intersex patients—but she also reveals that they are so deeply in-
vested in the idea that genitals can and should be “fixed” that they fail to
consider how their treatment does, in spite of their very good intentions,
harm their patients. Like Karkazis, I have been struck by both the good in-
tentions and the simultaneous tunnel vision on the part of the researchers
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(some of whom are also clinicians) who use CAH to explore questions
of hormonal brain organization. In most studies, brain organization re-
searchers believe that they have adequately “controlled” for important
factors in the social environment by comparing girls with CAH to their
same-sex relatives (sisters and/or female cousins). (Their dedication to this
idea fosters one of the ongoing methodological shortcomings in this re-
search, namely, the very small comparison groups. It is standard epidemio-
logical practice to oversample healthy control groups to understand the
effects of relatively rare conditions, but this is not done in these brain orga-
nization studies because of the assumption that only female relatives pro-
vide a “good” comparison.) In the relatively few studies in which research-
ers do consider the effect of treatment on psychosexual outcomes, they
routinely assume that treatment can only limit or counteract the effects of
the illness or of the early hormone exposures. That is, treatment, in their
view, can only help patients be more like normal, healthy comparison
groups. They never consider ways that the treatment itself constitutes a se-
rious interference in the development of sexuality and gender for girls with
CAH. In the words of Gastaud and colleagues (2007), “Despite expert
medical and surgical care by physicians dedicated to this rare disease,
women with CAH still suffer major limitations in their sexual function
and reproductive life” (1391). Yet, given that 94 percent of the 35 women
in this sample had clitoral surgery and vulvoplasty, and 66 percent also
had vaginoplasty, it would seem more reasonable to frame the poor out-
comes as because of the medical care, rather than despite it. A particularly
compelling argument for this interpretation comes from the comparison of
sexual function among women who have been treated from infancy with
the sexual histories of late-treated women reported in the very earliest
studies (such as Ehrhardt, Epstein, and Money 1968). Those women re-
ported more sexual partners, higher libido, a lower threshold to arousal,
and more sexual versatility than the investigators anticipated (though it
should be noted that the “expected” norms to which women were com-
pared were arguably quite dated and conservative). Given that both late-
treated and early-treated women have similar prenatal histories, it surely
doesn’t make sense to look there to explain the difference. Instead, it seems
prudent to consider the factors that are different between these groups:
early diagnosis, early surgeries, and lifelong suppression of androgens
among the early-treated women.

There are a few fairly recent studies of sexual activity and function
among women with CAH that do not entertain the brain organization hy-
pothesis, and several of these studies do consider the negative physical and
psychological sequelae of the management process itself. (May and col-
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leagues’ 1996 report is exemplary in this regard.) But because they do not
engage the hypothesis of brain androgenization, those studies do not form
a part of the network of brain organization research, and consequently
they are not cited in the brain organization literature. Thus it is possible to
read the brain organization studies of CAH without ever encountering the
sobering data on the overwhelming pain and discomfort during sex; the
absence of clitoral sensation; and the feelings of shame, bodily inadequacy,
and unattractiveness that are common among women with this condition.

This is just one way—though a very serious one—that context is system-
atically ignored in brain organization studies, especially the crucial studies
on intersex subjects. When I note that “context” is ignored, I mean that
scientists doing brain organization studies tend to focus narrowly on the
level of steroid hormone exposures alone, to the exclusion of virtually all
other variables that affect development. Importantly, this includes many
other physiological variables, such as the effects of hormones used to treat
CAH or other intersex conditions—which are themselves known to have
important effects on mood, energy, and metabolism. Of course, all scien-
tific study involves focusing on some variables rather than others—it is im-
possible to focus on everything, even everything that the scientist has a
hunch might be relevant. But it is not acceptable in science to ignore vari-
ables that we already know are relevant, especially if these variables have a
good chance of affecting the outcome as much as or more than the vari-
ables in which we are interested. This is particularly true when subjects
cannot be randomly assigned to receive the exposure we are interested
in—in this case, steroid hormones during fetal development.

The Self-Fulfilling Prophecy of Masculinization

What about other sex-typed traits that are shown to be masculinized in
CAH, particularly childhood play behaviors and other sex-typed interests?
Some of these findings can again be readily connected to the physical con-
dition of genitalia. In particular, researchers often speculate that the low
rates of childbearing among women with CAH might be due to decreased
“maternalism” following high prenatal androgens, even when they ex-
plicitly take into account the difficulties these women have with vaginal
penetration and conception (for instance, Meyer-Bahlburg 1999; Stikkel-
broeck, Hermus, et al. 2003). But before we call on the black box of brain
organization to explain maternalism, we have a number of more proxi-
mate, observable variables that should be considered. In addition to dif-
ficulties with heterosexual coitus and conception, there are psychological
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factors related to knowledge of the condition that may affect development.
For example, parents are told that their daughters with CAH will have im-
paired fertility, and the girls themselves may learn this from relatively
young ages. It does not take a lot of imagination to understand that having
a genetically transmitted chronic medical condition, especially one that is
associated with often-traumatic early intervention and lifelong manage-
ment, might also have an effect on fertility.3

Proponents of brain organization theory might remind us, though, that
long before they are likely to understand the implications of impaired fer-
tility, girls with CAH are reported to have less feminine play, in particular
to play less with dolls than is typical (Ehrhardt, Epstein, and Money 1968;
Berenbaum and Hines 1992; Servin et al. 2003; Pasterski et al. 2005;
Meyer-Bahlburg et al. 2006), as well as to express less interest in infant
care than their unaffected sisters (Leveroni and Berenbaum 1998). This is
commonly taken to indicate a fundamental shift toward “masculine” in-
terests in these girls, again secondary to brain androgenization. But atten-
tion to variables of context would lead us to recall that we also have data
on two relevant issues that are routinely overlooked: (1) Girls with CAH
are expected to be more masculine, and it is well established that expecta-
tions of this sort influence behavior; and (2) anxieties and/or simple expec-
tations about masculinity among girls with CAH may lead to overre-
porting masculine behavior by both parents and the girls (or later, women)
themselves. These variables might well work together, such that somewhat
more “masculine” behaviors are amplified through a tendency to notice
and place importance on these behaviors.

The data on how expectations affect behavior come from a wide variety
of disciplines, but many studies are from sociology and social psychology.
In their paper “Performance Expectations and Behavior in Small Groups”
(1969), Berger and Conner summarized more than half a dozen early stud-
ies in social psychology as demonstrating that expectations about abilities,
which often derive from “status” characteristics, shape perceptions, such
that people “thought to be more able were more likely to be perceived as
having performed well” (187). This process is a perceptual bias referred to
in social psychology as a “status generalization.” As Driskell (1982) put
it some years later, in describing the perception of abilities in “status-
unequal groups,” “unequal ‘status-based’ performance expectations are
assigned to actors at the outset of interaction” (229). Early research fo-
cused on broad aspects of social status such as social class, gender, or race,
but later work, especially studies on the effects of social stigma, has dem-
onstrated that status generalization is a broad phenomenon whereby an
individual’s perceived attributes—prior to any actual interaction—affect
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both which behaviors are actually noticed as well as how those behaviors
are qualitatively evaluated. Preliminary expectations also directly affect
people’s subsequent behavior (Driskell and Mullen 1990). Taking up the
classic sociological dictum that “things perceived as real are real in their
consequences” (Thomas and Thomas 1928, 125), the sociologist Bruce
Link investigates how stigma of mental illness affects perceptions of the
mentally ill, and mentally ill people’s self-perceptions and behavior (Link
et al. 1999; Link and Phelan 2001). Link’s model suggests a way to under-
stand how expectations affect behavior and observations of behavior in
CAH, itself a highly stigmatized condition.

In the case of CAH, there may be several ways that expectations affect
both behavior and the way that behaviors are characterized by parents, as
well as girls and women with CAH themselves. Girls and women with
CAH are often perceived as “masculine” because of genital development,
which leads them to be initially announced as males in a substantial mi-
nority of cases. They are also perceived as masculine because of brain or-
ganization theory itself. Multiple lines of evidence suggest that brain or-
ganization theory has guided the expectations of parents with intersex
children since shortly after the theory was proposed. Ever since Money
and Ehrhardt’s popular book Man and Woman, Boy and Girl (1972), in-
formation about brain organization theory has been available to a wide
audience, beyond people with a scientific or personal interest. Moreover,
that book offers a glimpse into what people who were directly affected
by possibly unusual early hormone exposures were generally told: as de-
scribed by Money and Ehrhardt, the optimal clinical approach to parents
was to inform them that they could expect their daughters to be “tom-
boys.” This expectation is widespread and commonplace; you will en-
counter it in popular science writings (Kimura 2002; Colapinto 2001),
television programs (NOVA, “Sex: Unknown” 2001), and on websites de-
voted to CAH (for example, CARES Foundation 2008; Berenbaum 2008).
Again, Katrina Karkazis offers helpful insights from her interviews with
intersex women and the parents of intersex girls. She notes that “parents
of girls with CAH often focus on behavior that is understood as overly
masculine, which they attribute to prenatal androgen exposure” (Karkazis
2008). And the influence of writings by Money and others is unmistak-
able. One couple relayed that they “had a lot of questions about androgen
exposure and the brain. We got John Money’s books and speculated about
how it might affect her personality and abilities” (195).

Because of their heightened awareness, parents may read a surprisingly wide
range of behaviors as “cross-sex,” in effect creating a rigid behavioral gender
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binary and attributing these differences to the child’s “mixed” biology. Inter-
estingly, when parents have more than one child of the same gender, but only
one is born with an intersex condition, they can interpret the same behavior
differently in the child with the intersex condition. (194)

The connections among perceived status, perceived attributes, actual be-
havior, and assessments of behavior constitute a looping process. Gender
is a particularly powerful cognitive schema. Although research on how
gender as a status triggers this sort of perception-behavior-evaluation loop
generally focuses on male–female differences, we can easily apply the ob-
servation to girls with CAH, who are seen as having a “diminished” femi-
ninity, or rather, are suspected of being masculine—a status that is decid-
edly stigmatized in girls. Much empirical research on gender has suggested
that girls are given more leeway than boys in terms of gender conformity,
at least in contemporary U.S. society, but girls with CAH may be a special
case. Observably masculinized genitals, as well as a strong perception that
the brain has been masculinized, confer a slightly ambiguous gender sta-
tus, such that nonconformity with gender stereotypes may be much more
readily noticed in these girls, and may become a persistent element in the
child’s biography, including her overarching self-narrative. That is, CAH
can be thought of as a “frame” that orders the potentially infinite, com-
plex, and sometimes contradictory information about the child’s develop-
ment into a story that can be told and understood.

The concept of framing is often used to capture semideliberate strategies
of information presentation in political psychology. The concept also is
helpful for thinking about the following process. How do broad gender
schemas—which are by nature more flat and dichotomous than anyone
expects real people to be—get reconciled with people’s actual and persis-
tent failure to be perfectly gender-conforming? And how, in turn, do per-
sistent (small) failures to conform usually fail to undermine the confidence
people have in the gender schema itself, as well as the certainty that indi-
vidual people are “really” men or “really” women? In the words of Gam-
son and Modigliani (1987), political psychologists who study the rhetori-
cal strategies, emphasis, and rules of presentation that turn potentially
incomprehensible and disconnected “events” into “news,” frames supply
“a central organizing idea or story line that provides meaning to an un-
folding strip of events, weaving a connection among them” (143).

A large body of research has documented that attributions of gender
profoundly shape the way observers perceive emotions and behavior in
children. Often referred to as “baby X studies,” such research involves cre-
atively manipulating the perceived sex of identical infants or very small
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children, and analyzing how observers describe or react to the children
when they are labeled as female versus when they are labeled as male. One
of the earliest and best-known of these studies involves a short film of a
baby in an infant seat who is presented with four different stimuli—a
teddy bear, a jack-in-the-box, a doll, and a buzzer—each of which is pre-
sented several times in succession. More than 200 observers were shown
the film and were randomly assigned the information that the child was a
boy versus a girl, without making an obvious point of the infant’s sex.
There were remarkable differences in the way observers saw the same in-
fant when they thought they were watching “David” versus when they
thought they were watching “Dana,” and these differences emerged most
strongly where the child’s response was somewhat ambiguous. That is, in
situations where the infant’s response was unambiguous, as in the clear
pleasure s/he showed with the bear and the doll, or the clear distress s/he
showed with the buzzer, the ratings did not differ much, except that the
“boy” was seen as displaying more pleasure and less fear across all situa-
tions than the “girl” was (Condry and Condry 1976, 817). But one stimu-
lus, the jack-in-the-box, elicited a much more complex response: “At first
the infant stares at the box and shows a slight startled reaction when it is
first opened. Upon successive presentations the infant becomes more and
more agitated and after the third presentation the infant cries when the
box is pushed forward (even before it is opened) and screams when the
jack-in-the-box jumps up” (816). Given this sequence of responses, those
observers who thought they were watching “David” were more likely to
describe the child as “angry,” while those who thought they were watching
“Dana” described the child as “afraid.” The Condrys pose an interesting
question about how this differential attribution process might affect real-
world responses to ambiguous emotional displays: “If you think a child is
angry do you treat ‘him’ differently than if you think ‘she’ is afraid?”
(817).

Many subsequent studies have extended these observations, including
by controlling for actual variations in infant characteristics (for example,
Zeavey, Katz, and Zalk 1975; Sidorowicz and Lunney 1980; Culp, Cook,
and Housley 1983; Lyons and Serbin 1986; Donovan, Taylor, and Leavitt
2007). There is even evidence that modern mothers, who typically know
their child’s gender before birth, begin this labeling process to interpret the
child’s “behavior” or personality while still in the womb (Rothman 1986).

Most interesting for the subject at hand is a “baby X” study that used
not just male and female labels, but the label “hermaphrodite” for the
same child. John Delk and colleagues videotaped the activities of a 22-
month old infant who was neutrally dressed and easily perceived as either
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male or female. As with the vast majority of labeling studies, observers (in
this case, 464 medical, nursing, and psychology students at various U.S.
universities) were far more likely to label activities as masculine when the
ascribed gender was male, and feminine when the ascribed gender was fe-
male. When observers were told that the child was a “hermaphrodite,” an
interesting finding emerged. Women observers rated 32 percent of the ac-
tivities of the “hermaphrodite” as masculine, but only 19 percent of the
“girl’s” activities as masculine (532). In other words, the same child, when
labeled “hermaphrodite” instead of “girl,” was significantly more likely to
be perceived as engaging in “masculine” activities when she was in fact do-
ing the exact same thing—in fact, roughly 70 percent more likely.

Lest readers be tempted to speculate that gender labeling is a thing of the
past, it is worth noting that recent studies generally indicate labeling ef-
fects as strong as those found in the earliest studies, more than thirty years
ago. The reliance on cognitive schemas about gender to label behavior not
only affects how we perceive people and their specific actions, it loops
back to reinforce belief of fundamental gender differences. Importantly,
this process leads people to discount actual evidence of intrasex variability
and intersex similarity, and operates even in the face of commitments to
similarity or a “wish” for similarity. It may be disappointing and even hard
to swallow for many parents, especially those who consider themselves
feminist, but being egalitarian doesn’t seem to affect gender labeling very
much. This is critical for understanding how parental expectations may af-
fect gendered behavior in girls with CAH.

Another factor that is likely to add to the labeling effects is that the data
on sexuality and gendered behavior are always gathered in a context
where CAH is the salient factor; an extensive literature on “priming” ef-
fects suggests that both facts and interpretive frames that are made salient
in a testing situation exert important effects on people’s reports of their
own opinions, behavior, and characteristics as well as on their actual be-
havior after this priming (Payne 2001; Fazio and Olson 2003). Because the
“narrative” of CAH involves expectations (and/or fears) that behavior will
be masculinized, especially in the realm of sexuality, this is likely to affect
the way that girls and women with CAH, and/or their parents, character-
ize their behaviors. Here, the fact that the increased same-sex eroticism
among women with CAH is primarily in the realm of fantasy rather than
behavior may be important: reports of fantasies and dreams might be even
more subject to priming effects than are reports of behaviors. Moreover,
very few studies use direct observation, and recall of prior events or behav-
ior “patterns” are especially susceptible to priming effects (for example,
McFarlane, Martin, and Williams 1988; DeCoster and Claypool 2004).
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Labeling of girls with CAH is especially complex in those cases where
the children have initially been assigned as male, then reassigned female
upon diagnosis. As with the “tunnel vision” that researchers show in con-
templating only positive effects of treatment on sexuality, they seem to
miss the pattern that initial assignment as male and even earlier age at di-
agnosis are more highly correlated with gendered behavior than are ob-
jective measures of virilization (which should relate to actual degree of
androgen effects). Slijper (1984), for instance, found that gender score
was correlated with whether the child was originally registered as a boy,
whereas gender score was not correlated with the “objective degree of
virilization” based on the Prader score at birth. Others, too, have found
that gender behavior is related to such factors as early age at diagnosis or
early initiation of treatment (Dittmann et al. 1990, “Congenital Adrenal
Hyperplasia II”; Berenbaum, Duck, and Bryk 2000) and with initial as-
signment as male (Meyer-Bahlburg 2002).

In addition to labeling and priming, there is an enormous research liter-
ature documenting parental sex-typing, meaning that parents differentially
promote, discourage, reward, or punish behaviors in their children accord-
ing to gender (for instance, Lytton and Romney 1991). Scientists conduct-
ing brain organization studies have tended to neglect evidence of labeling
effects (evidenced by the fact that they routinely rely on parental reports of
behavior, rather than direct observation, and have made few attempts to
rate children’s behavior while “blinded” to their CAH status), but they
have shown some interest in parental sex-typing. Unfortunately, research-
ers typically have simply asked parents about their habits regarding re-
ward or encouragement of masculine versus feminine behavior (Ehrhardt
and Baker 1974; Berenbaum and Hines 1992), even though extensive re-
search indicates that parents are unaware of their own sex-typing (e.g.,
Fagot 1978) and that sex-typing effects are larger when parents are ob-
served rather than queried (Lytton and Romney 1991). One team, though,
observed parents with their CAH-affected and unaffected daughters, and
they found that while parents encouraged sex-typical play in all their chil-
dren, the daughters with CAH were given more positive responses for
playing with “girls’ toys” than were the unaffected daughters. The investi-
gators interpret the findings as follows:

This exaggerated encouragement of female-typical play in daughters with
CAH, in addition to suggesting that parents do not cause their male-typical
toy choices by reinforcing them, also may be a reaction to the increased male-
typical play behavior shown by these girls. Girls with CAH may engender
more parental encouragement of female typical toy choices because their par-
ents are trying to normalize their behavior. (Pasterski et al. 2005, 275, empha-
sis added)
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This study makes an important contribution, but I would suggest that
they impose a too-narrow framework in interpreting their findings. It
seems to me that the issue of socialization is not quite so deliberate or
straightforward as parents treating the girls more like boys, or encourag-
ing boy-typical play. One critical fact is likely to be that parents are anx-
ious about masculine behavior in their daughters with CAH and have been
primed to expect it. Parents are trying to normalize girls’ behavior, which
they probably fear and perceive to be abnormal. Further, while parents
might show greater reward for “girlish” behavior (at least in this research
setting, where CAH has been made salient), we should not suppose that
would necessarily translate directly into more girlish behavior on the part
of girls. Expectations and sex-typed interactions do have effects, but they
don’t always have the intended effects. Bernice Hausman’s thoughtful piece
on the David Reimer/John-Joan narrative may shed some light here. Haus-
man (2000) suggests an alternative to the usual idea that “innate male na-
ture”—usually attributed to early testosterone—caused David Reimer to
reject his late-imposed female assignment to return to his original male sta-
tus. Instead Hausman points to the extremely rigid gender socialization
that was prescribed to facilitate the child’s adjustment, along with an in-
trusive yearly clinical regimen that bears more than a little resemblance to
the treatment for CAH (except that girls with CAH go roughly four times
as often): “The child was made to display her body to the physicians at the
hospital, submit to psychological testing, and agree to the desirability of
vaginal construction.” Hausman suggests that an alternative but plausible
reading of the child’s rejection of femininity is that “Joan resisted the
heavy-handed plot to make her into a girl” (123).

I think there’s more to the case than that (which I will elaborate shortly),
but I do think that Hausman is on to something. Socialization is real and
important, but complex. There are undeniable patterns of encouragement
and reward by gender, but most of these do not seem to be deliberate.
Moreover, putting the question of gender aside and thinking about social-
ization more generally, parents’ intentions do not neatly translate into chil-
dren’s compliance, even in far less complicated situations than a child
whose genitals have been maimed.

There is yet another category of variables that might be relevant to the
development of gender and sexuality in the context of CAH: other physical
factors, aside from genitals, that are affected by CAH. First, consider as-
pects of physical morphology that are easily observable by others and are a
basis on which the growing child can compare herself. Height and weight
are both unusual in this syndrome. Girls with CAH are progressively
more likely to be overweight, and as adults are significantly shorter and
heavier than other women. Mulaikal, Migeon, and Rock (1987) found
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that women with the salt-wasting form had a mean height at the 25th per-
centile for normal women, and those with the simple virilizing form were
at just the 10th percentile (179). Advances in hormonal treatment have im-
proved the height outcomes for CAH patients in recent decades, but stud-
ies continue to show significant differences: people with CAH are sub-
stantially shorter and more likely to be overweight or obese (Cornean,
Hindmarsh, and Brook 1998; Eugster et al. 2001; Merke and Bornstein
2005; Volkl et al. 2006; Goncalves et al. 2009). A recent meta-analysis
found that adults with CAH were 10 centimeters (about 4 inches) shorter
than average (Eugster et al. 2001).

Even if medical management has been excellent since infancy, there is a
highly increased chance of being hairier than other girls and women; this
is especially true for women with the nonclassical form. Among these
women with the “less extreme” form of CAH, Maria New, a clinician who
runs a large CAH clinic, has noted “a history of discomfort and social
stress related to their pretreatment experiences with androgen-dependent
signs such as acne, hirsutism, and conception difficulties. Unlike classical
patients, [nonclassical CAH] patients are not treated from birth and often
lack diagnosis and hormonal control for many years” (New 2006, 4208).
These findings are particularly useful for reflecting on the recent studies
in which Heino Meyer-Bahlburg and colleagues (Meyer-Bahlburg et al.
2006; Meyer-Bahlburg et al. 2008) have evaluated gender and sexuality in
women with both classical and nonclassical CAH. On one hand, these
studies provide convincing evidence that atypical genitals do not totally
explain masculinization in CAH, because women with nonclassical CAH
(whose genitals are not affected by the condition) reported both more mas-
culine gendered behavior in childhood, and more same-sex fantasies than
unaffected controls. On the other hand, when we broaden the view of im-
portant variables to consider in CAH beyond the simple pair of early hor-
mone effects on the brain and effects (including socialization and medical
treatment) that flow from having atypical genitals, the interpretation gets
murkier. Certainly issues of priming, labeling, and retrospective recall bias
should not be discounted. Neither should the factors of body image from
high rates of overweight and hirsutism, as well as short stature, nor possi-
ble mood effects of steroid hormone disruptions for years prior to diagno-
sis. While there isn’t a direct narrative to connect these factors to higher
rates of behaviors considered “masculine,” we should be very cautious be-
fore discounting the possibility. This is especially true given that women
with nonclassical CAH are also directly told, from the point of diagnosis,
by clinicians and self-help sites, as well as by clinical research literature,
that they have pathologically “masculine” features of physiology, and pos-
sibly psychology.
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Even with early diagnosis, hormone control is difficult in this condition,
which is the primary reason that children with the classical forms are fol-
lowed so closely. Mood problems, especially depression, anxiety, and af-
fective distress, have been reported in boys and girls with CAH (Kuhnle,
Bullinger, and Schwarz 1995; Johannsen, Ripa et al. 2006); in addition to
the stigma of the condition and potential trauma related to treatment,
mood problems may be traced to imbalances with steroid hormones, in-
cluding cortisol. Mood-regulating hormones may also play a role in the
generally decreased bodily satisfaction and libido in women with CAH—
and oversuppression of androgen might be of particular concern here.

A Blind Eye: CAH and the
Epistemology of Ignorance

In sum, girls with CAH are in some small respects “masculinized,” and
this is likely to be at least in part because they are expected and believed to
be masculinized. It may also be because potential masculinization in these
girls is a source of fear and dread both for their parents, and for many of
the girls and women themselves. Another factor might be a function of
how “masculinization” is conceptualized: if it is a lower degree of certain
behaviors and traits that are considered “feminine”—such as fertility, het-
erosexual activity and desire, or libido—then it is important to recognize
that genital interventions and long-term outcomes may be all the explana-
tion that is necessary. Finally, broader physiological differences—including
higher weight–height ratios, shorter stature, hirsutism, disruptions in mood-
regulating hormones, and more—may affect behavior through a variety of
pathways, none of which are well understood. And last, but not least, it is
possible that early androgen effects on the brain could explain some of
these effects. But all of these possible effects must be seen in context. Im-
portantly, the effect sizes for behavior differences between girls with CAH
and other girls are quite small in most domains—so whatever influences
are driving the slight difference in psychosexual behavior relative to unaf-
fected women, the cumulative effects of all influences are relatively weak.
It is important to recognize that even if girls with CAH are to some degree
masculinized (from whatever factors), most reports likely overestimate this
masculinization because they are (a) retrospective rather than concurrent;
(b) based on general assessments of behavior patterns rather than on spe-
cific observations; and (c) collected under circumstances that make the
condition of CAH salient, thus “priming” research subjects to assign more
masculinity to subjects with CAH.

Given the extensive factors that are demonstrably and significantly dif-
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ferent in the development of girls with CAH compared with unaffected
girls, the fact that researchers interested in brain organization focus single-
mindedly on the potential effects of early hormone exposures on the brain
is troubling, to say the least. In fact, I think that the persistent ignorance of
broad physical and psychological health for women with CAH is down-
right stunning. Historians and philosophers of science are giving increased
attention to the way that gaps in knowledge, as well as knowledge itself,
are actively produced and maintained. The study of this phenomenon,
what Tuana calls “the epistemology of ignorance” and Proctor (2008)
calls “agnotology,” reveals that specific ideologies, cultural schema, and
political interests systematically block certain forms of information and
cause people to “forget” or fail to incorporate certain facts into the overall
thinking on a subject. Together with other patterns I’ve documented in this
book (specifically: the pervasive tendency to ignore findings that contra-
dict brain organization theory; failing to notice when critical definitional
frames are shifted; failing to “connect the dots” regarding dose–response
contradictions), the systematic disregard for the context in which girls and
women with CAH develop constitutes more than an oversight. The atten-
tive reader may have noticed the relative recency of the outcome studies
that begin to systematically document pain, lack of sensation, and other
difficulties with sexual function. These studies have been done in part be-
cause of brilliant and energetic organizing on the part of some intersex
adults, who have begun to insist on having a voice in evaluating and re-
shaping the medical process that many believe constitutes serious harm
(for example, Chase and ISNA 1998). But it is important to recognize that
clinicians—including those who research brain organization and those who
don’t—must surely have heard reports of pain, discomfort, and lack of
sensation for decades, since the first children who underwent early surgery
reached adulthood in the 1980s. This is a classic case study for agno-
tology: the “not-known” regarding CAH is not merely information that is
not yet known, or not yet investigated. Forty years into the serious study of
this disorder, these lacunae persist because they help to keep brain organi-
zation theory alive.

Still—and here is the amazing thing—at the end of the day, in their over-
all outcome, women with CAH are remarkably similar to unaffected
women, aside from their lower levels of sexual relationships and child-
bearing. In spite of prenatal androgen levels that are typically in the high-
male range, they end up very female-typical in cognition, personality, and
sexuality. Most studies show that mental health and functioning are over-
all relatively high, especially when considering the amount of medical
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management this group of women must endure. Gender is relatively typi-
cal in adulthood, too. While they express somewhat more masculine ca-
reer aspirations in adolescence, they do not have significantly different oc-
cupations or achieve different levels within occupational sectors. They
tend to report more same-sex fantasies and attractions, but only that sub-
group who were initially announced as male and then reassigned seem to
have any higher incidence of same-sex behavior—and this is generally
quite a small increase.

The interesting thing, from my perspective, is that women with CAH
end up being so very close to typical. As a feminist, I do not assume that
“typical” outcomes in terms of gender and sexuality are necessarily opti-
mal. If heterosexuality is not the “goal” of development, for example, then
same-sex desires and relationships look like a perfectly good, and possi-
bly better, outcome for many women with CAH. Because even if penile-
vaginal intercourse can be “decentered” in a heterosexual relationship,
both partners are likely to be frustrated if they cannot, at least sometimes,
participate in this activity. It is conceptually important to the heterosexual
script and is also likely to be an activity that male partners have found sat-
isfying in other sexual relationships. So contrary to the usual presumption,
from the perspective of maximizing opportunity for mutually satisfying
sexual partnerships, it might be better if women with CAH were less,
rather than more, typical. But typical they are, and this points to one of the
most important, and most often overlooked, facts of human development:
there are very strong pressures toward convergence. I will return to that
point in Chapter 10. For now, let’s see how a consideration of context pro-
vides plausible alternatives to brain organization for understanding how
gender identity develops in three situations that are usually interpreted in
terms of prenatal hormones.

Denaturalized Gender: Certainty,
Ambivalence, and Change

In Gender: An Ethnomethodological Approach, one of the earliest ex-
tensive studies of how gender is socially produced, Suzanne Kessler and
Wendy McKenna (1978) built upon Harold Garfinkel’s revolutionary in-
sights regarding the “natural attitude” toward gender. The “natural atti-
tude” consists of “the ‘facts’ of gender in terms of Western reality”: those
things that we “know” to be true (Kessler and McKenna 1978, 114). The
component “facts” of the natural attitude include that there are two and
only two genders; gender is invariant (once a male, always a male, and so
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on); genitals are the essential sign of gender; there are no gender transfers
“except ceremonial ones (masquerades)”; everyone must be classified by
gender (no exceptions); the male/female dichotomy is natural; and “being
male or female is natural and not dependent on what anyone decides that
you are” (114–115). The concept of the natural attitude toward gender
has been an important tool for an entire generation of scholars interested
in “unhinging” gender from sex—that is, in destabilizing the idea that gen-
der must be a naturally existing category that emanates from original bio-
logical differences. By searching for how the “natural attitude” operates,
and actively questioning it, it becomes possible to explore how gender may
result from social structures and institutional practices. In short, gender
can be reconceptualized as an “effect” rather than a mere fact, something
that requires explanation rather than something that explains the social
world.

Suzanne Kessler’s later work on the management of intersex infants has
been of central importance in helping feminists rethink the relationship be-
tween the body and gender. In Lessons from the Intersexed, Kessler (1998)
shows in meticulous detail how the natural attitude toward gender shapes
medical perceptions and decisions regarding management of intersex in-
fants. In particular, while the official medical view is that clinicians guide
parents to choose a “best” or “optimal” sex for intersex children, the oper-
ative narrative for both clinicians and parents is that they uncover the true
sex of the infant, correcting those aspects of anatomy and biochemistry
that might not align with this status. Thus, even though intersex children
are born with “mixed” or “ambiguous” characteristics of sex, they none-
theless are seen as truly and properly belonging to one sex or the other, and
this decision is not regarded as a matter of choice so much as a matter of
finding “the right answer” to the question of sex.

Against this backdrop, we can consider three scenarios that are gener-
ally taken in the brain organization literature to indicate the role of early
hormones in the formation of gender identity—which is the conceptual
core of gender, believed to form the fundamental basis for all other aspects
of gender.

Complete androgen insensitivity syndrome (CAIS): Genetic males with
a total inability to respond to testosterone are born appearing to be
normal females. They are typically not diagnosed until midchildhood
to early adolescence. The significance of possessing XY chromosomes
as a phenotypic female is culturally profound. Yet in CAIS the gender
is not “denaturalized” until relatively late in development. At birth
and through middle childhood, at least, the child and her parents,
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family, and peers all have had no reason to question that she is a girl.
There are no external signs available to interrupt the “natural atti-
tude” to gender, even after a diagnosis of XY with testes and andro-
gen insensitivity. It is assumed that brain tissue is likewise insensitive
to androgen, so the medical theory about “invisible signs” of gender
agrees perfectly with visible ones.

Congenital adrenal hyperplasia (CAH): Genetic females with CAH are
typically born with masculinized genitalia, which may vary from a
slightly enlarged clitoris, to fused labia, to a fully formed penis and
(empty) scrotum. Some children are initially announced as male, but
diagnosis typically happens in infancy and children are overwhelming
reared as female. In CAH, the initial confusion regarding sex is man-
aged by a process that looks very much like uncovering the “true”
sex of the child. That is, even though the decision is formally framed
in terms of choosing the optimal sex, most doctors and parents do
not, in these cases, consider that the child is possibly “really” male—
particularly given the cultural weight of sex chromosomes and the
potential fertility for children raised as female (see Kessler 1998;
Karkazis 2008). Along with certainty regarding the child’s “true” sex,
though, there is some ambivalence regarding the child’s femininity.
The parents and child are routinely told that the child “may be more
masculine” or “may be a tomboy.”

Normal males reassigned due to congenital anomaly or trauma: In ge-
netic males with normal responsiveness to androgens, sex is assigned
as female only in extremely rare cases. These include children who
were born healthy but whose penises were irreparably damaged, and
those whose penis was absent or severely damaged at birth. In these
cases, there seems to be no possibility of constructing an “adequate”
functioning penis, where function is primarily measured by the ability
to urinate standing up, and to penetrate a vagina in heterosexual in-
tercourse (two factors that have been, until recently, considered as
central to forming a male identity). When such children are assigned
or reassigned as female, this is perceived by everyone involved as at
best, a compromise, and at worst, a tragedy. These children are not
believed to be “really” female by either clinicians or parents. The at-
tempt to rear these children as female is, therefore, an entirely differ-
ent process, one characterized more by conscious effort and engage-
ment and an attempt to habitually interact with and perceive the
child as female while always living with the cognitive dissonance of
her/his contrary “true” male sex. This situation puts gender assign-
ment in conflict with the natural attitude.
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In terms of outcomes, the simplest are considered to be genetic males
with complete androgen insensitivity, who are, according to virtually all
published evaluations, unremarkable in all respects from healthy genetic
females—except that they do not have female internal reproductive struc-
tures and therefore do not menstruate or become pregnant. Compared
with “typical” women, they do not have higher rates of masculine gen-
der identity, gender-atypical behavior or interests, or same-sex erotic inter-
ests—that is, nothing that brain organization researchers interpret as “mas-
culinization” of psychosexual development. Genetic females with CAH, on
the other hand, overwhelmingly identify as female, but consistently show
slightly more “male-typical” behavior, as a group, than do most genetic fe-
males. Most notably this includes childhood play behaviors and adult
eroticism, in that a slightly higher proportion of women with CAH com-
pared with unaffected women report sexual attraction to women. Genetic
males who have normal androgen sensitivity but have been assigned (or
reassigned) as female are the group with the highest known rate of gender
change (Cohen-Kettenis 2005; Meyer-Bahlburg 2005). Meyer-Bahlburg’s
review of such cases indicates that, by adulthood, up to 50 percent of such
people either reassign themselves to the male gender or have serious gen-
der identity problems (Meyer-Bahlburg 2005, 432). From the small num-
ber of detailed case reports, it appears that a high proportion of those who
retain a female gender identity report sexual attraction to other women
(Reiner and Kropp 2004; Reiner 2004). Recently, due to the tragedy and
scandal that followed when David Reimer’s story was made public, the
dominant protocol for sex assignment in cases of ambiguous or damaged
genitalia has been challenged. Money and colleagues at Johns Hopkins
built that protocol on the understanding that children without “func-
tional” penises should be reassigned as female, as long as the reassignment
could happen by around 2 years of age. Lately the idea that children can-
not develop a male identity without a penis has been replaced with the idea
that children cannot develop a female identity if they have been exposed to
a threshold level of androgens in utero (Diamond and Sigmundson 1997;
Diamond 1998).

This array of outcomes is overwhelmingly interpreted as evidence that
early androgens are responsible for directing gender identity and sexual
orientation. As John Colapinto’s best-selling book about David Reimer de-
scribed this most famous case of (failed) sex-reassignment in a previously
normal male, rejecting the female assignment was a return to his self “as
nature made him” (Colapinto 2001). Michael Bailey has suggested, in his
famously blunt way, “If you can’t make a male attracted to other males
by cutting off his penis, how strong could any psychosocial effect be?”
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(quoted in Wade 2007). This comment is a particularly helpful one for
pointing out the “natural attitude” at work: What is it about cutting off a
penis that would be expected to direct sexual orientation toward men?
Gay men, after all, have standard-issue penises. But recall that genitals are
the “essential signs” of gender, and—as a great many empirical and theo-
retical analyses of gender have demonstrated—the natural attitude of gen-
der hinges critically on the presumption of heterosexuality, an aspect of the
phenomenon that Garfinkel did not identify. Heterosexuality is assumed to
be the ultimate “goal” of gender, as well as its source. Hormones, too,
have become an axiomatic component. The notion, now a cliché as well as
a theory, is that male identity follows when the brain is “bathed in testos-
terone.”

But the evidence is just as compatible with another explanation that
does not require recourse to hormonally organized brains: In the context
of a cultural system in which gender is seen as proceeding “naturally”
from an individual’s single, true sex, gender socialization and development
cannot be willfully produced; gender development will generally follow
what is perceived as the “true sex.” This latter explanation locates the er-
ror of the standard Johns Hopkins protocol not in its disregard of the
“hormonal status” or “brain gender” of some children for whom clini-
cians and parents must actively manage gender, but in its disregard (or ig-
norance) of gender as a naturalized, rather than a natural system. In other
words, gender rests upon a belief system about what is “natural.” It ap-
pears “real” only when the process used to produce it is invisible.

Here is the promised return to Hausman’s reflections on the David
Reimer story. Though Hausman raises the issue of the natural attitude
about gender, she didn’t quite draw the conclusion that the reason David
Reimer’s sex reassignment didn’t “take” was that it was recognized as
“not the real thing.” Yet all accounts point to a myriad of ways that the
natural attitude was ruptured in this case: no one actually believed that the
child “was” a girl—they believed (or rather, hoped) that he might be made
into a girl. In fact, they believed that, as unlikely as it might be, it was his
only chance of survival. In Colapinto’s fuller account (2001), it is obvious
that parents, the broader family, clinicians, and teachers—among whom
the child’s original male sex was an open secret—colluded in the heavy-
handed enforcement of femininity. The fact that Money recruited transsex-
ual women to try to convince the child to have vaginal construction may
well have underscored for Reimer that what was under way was, in fact, a
reconstruction of gender, a replacement rather than “the original.”4

One of the core insights gained from using the concept of the natural at-
titude is that, for it to work seamlessly, the management of gender must be
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concealed or obscured. If it cannot be concealed, then a more consistent
outcome will follow if everyone involved believes that they are managing
problematic “outward signs” rather than actively producing a sex that
contradicts the “natural,” “true,” or “original” sex. Here, the notion of
concealment is not one of human action, but of the power of cultural
schemas and institutionalized processes to obscure their own functioning.
Thus, the point that a “better” or “more consistent” outcome will follow
concealment is meant to indicate that it is precisely where the humans in-
volved (clinicians, but probably most especially parents) understand that
they are reshaping or managing gender that the process of gender social-
ization becomes radically unlike the usual course of events. This should
not be confused with a point that Karkazis (2008) raises regarding clini-
cians’ failure to help parents of intersex children connect with each other,
namely, that clinicians sometimes seem to believe that “secrecy about the
condition would foster a better outcome” (183). “Naturalized gender” re-
quires that there is no one to keep the secret of “true sex” that is believed
to be in tension with gender.

In the case of girls with CAH, there are occasionally misgivings about
whether or not the female assignment was the best choice, but both pa-
tients and their parents overwhelmingly accept the assignment, even in the
most extreme cases of virilization (at least in the United States and other
Western contexts; on cultural variability in this regard, see Kuhnle and
Krahl 2002). On the other hand, when genetic males are reared female be-
cause they have either been born with an “inadequate” penis or have expe-
rienced traumatic loss of the penis, this cannot fail to be perceived as a
profound contradiction. It is a testament to human resilience that people
manage this situation, that families do raise such children who have a
strong sense of self and belonging. But it seems to me no mystery at all that
individuals raised under these circumstances often experience gender in a
radically different way than is typical.

There is no simple way to decide, based on the evidence, between the
idea I’ve just advanced about “naturalized gender” and the theory of brain
organization by hormones. It depends on how much weight one gives to
cognitive and emotional schema, how one evaluates the totality of evi-
dence for human brain organization, and one’s general attitude toward the
relationship between sex and gender.5

Understanding gender as naturalized and as a multilevel system, rather
than as merely an individual or interpersonal-level variable has conse-
quences for how we evaluate some of the common narratives about the
emergence of gender in typically developing individuals, too. While work-
ing on this book, especially while conducting interviews with scientists, but
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also while discussing the project with friends, colleagues, and strangers, I
repeatedly encountered remarkably similar versions of the following story:
I used to believe that gender was a social construct, until I had a child. My
spouse and I were dedicated to challenging sex stereotypes, so we did our
best to provide gender-neutral toys and encouragement. But my children
resisted our efforts—our little boy turned his sex-neutral toys into weap-
ons. And our little girl turned everything we gave her into a doll, giving it a
name and a ‘life story’ and so on” (for example, interviews with Drs. A, B,
I, and J; see also Blum 1997; Summers 2005; Brizendine 2006). I’ve come
to see the story as both a “canned” narrative (a broadly circulated, styl-
ized, easily recognizable story that is available “off the shelf” as a short-
hand way for people to express their deep convictions about the natural-
ness of gender) and a genuine attempt to reconcile people’s experiences
that their intentions as parents do not map neatly onto their children’s be-
havior.

In this sense I agree with people like Steven Pinker who insist that people
are not “blank slates” on whom the intentions of teachers, parents, and
other caregivers can simply be written. If this were the case, there would be
no rebellion and no social “deviance”—there would be no innovation,
either. Where I part with Pinker is that I think he overemphasizes the
“groupness” of human nature, and he overemphasizes the intentional as-
pects of socialization. In other words, I believe that there is plenty of evi-
dence to suggest that people have predispositions of many sorts, and that
who we end up becoming is not a simple reflection of what was poured
into our empty heads by our parents and our cultures. But my hunch is
that, contrary to the seemingly “obvious” evidence that we get from ob-
serving the world around us, gender is just not a very useful way to group
people’s predispositions.

“Not useful,” though, shouldn’t be confused with “not real.” Gender is
one of many possible ways to slice of the pie of human variation, and the
natural attitude encourages us to see it as the most obvious and fundamen-
tal way to divide things. This, in turn, brings about more meaningful
difference along the dimension of gender than would otherwise occur—
including stimulating physical differences that possibly include average
differences in the brain. To repeat Thomas’s dictum, “Things perceived as
real are real in their consequences” (Thomas and Thomas 1928, 125). In
my view, naturalized gender becomes embodied gender (a self-fulfilling,
empirically demonstrable representation of gender on/in the physical body,
including the brain) through the following process.6 Everyone begins with
subtle predispositions in the form of perceptual biases and sensitivities,
variations in motor skill, and so on. Predispositions are simply initial
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states from which all feedback and interaction proceeds. These predisposi-
tions may be (but aren’t necessarily) randomly distributed, but they are
not, at least initially, firm personality “traits,” nor do they point inevitably
or properly to one developmental pathway and one outcome (in other
words, atypical gendered behavior or eroticism, insofar as it is present in
any individual or group, most certainly is not either pathological or a di-
version from some “developmental template”). Regardless of the initial
distribution of predispositions, each infant is met from the moment of
birth and possibly before that with a gender label that engages gender
schemas and shapes every single subsequent interaction, as well as the pro-
cess of self-recognition. Self-recognition as male or as female involves
learning and incorporating aspects of the gender schema that operate in
one’s culture—evolutionary ecologist Joan Roughgarden has beautifully
referred to this as a person’s “reaching out to cultural norms” (2004, 27).

Meanwhile, “society [is] imposing its expectations on the individual”
(27). While the process is almost never deliberate or even conscious, the
gender of a person with whom we are interacting is salient. Recall that evi-
dence suggests it is especially salient in ambiguous situations, where the in-
tentions or mental state of another person are somewhat unclear—which
is especially true of much interaction with infants. Even if we are aware of
the gender schemas when interacting, and are consciously attempting to
ignore or undermine them, the schema is still a cognitive resource that we
cannot entirely escape using, especially in face-to-face interaction. Gender
schemas mean that the feedback received by individual children is system-
atically bifurcated—it is not perfectly stereotyped by gender, but it is de-
monstrably and pervasively patterned, such that girls get more of certain
types of interaction and boys get more of another. Recall the evidence that
even parents with explicit commitments to disrupt sex-typing were found,
in actuality, to sex-type their children. Thus, even if initial individual pre-
dispositions were randomly distributed among all newborn infants, the
functional predispositions would still very quickly develop along lines that
are gendered. Here, as with the CAH-affected girls, the amazing thing is
not difference—this is utterly predictable by applying the variables we can
already observe to some known developmental principles. The amazing
thing is the outcome: an extraordinary degree of similarity across the
sexes, and diversity within them.

Yet we have strong cultural and scientific habits that push us toward fo-
cusing on, and finding, differences. Let’s revisit the issue of sex-typed inter-
ests. Unlike the other physical and psychological domains that I have con-
sidered in this book, the fact that these characteristics differ, on average,
between the sexes is not a “finding” but instead is a core defining feature
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of the category. That is, only those items that can reliably distinguish be-
tween males and females are selected for inventories of sex-typed interest
or gender role behavior, or kept in the inventories when they undergo revi-
sion. These characteristics constitute the contemporary definition of mas-
culinity and femininity (that is, gender) in the time and place when the
measures are created. Expectations and stereotypes play a particularly
large role in this domain, affecting how people perceive the traits, behav-
ior, and emotions of other people, as well as the way people describe them-
selves (Plant et al. 2000; Pallier 2003).

There is a special kind of difficulty involved when relating traits of gen-
der to sexual orientation. Like sexual orientation, but unlike somatic char-
acteristics or cognitive features, assessment of traits in this domain over-
whelmingly involves self-reflection and self-labeling. Questions might ask
someone to speculate, for example, on how she would respond in a hypo-
thetical situation of conflict, or ask her to rank her life priorities. There is a
deeper undercurrent here that engages some of the most profound ques-
tions of the self: What sort of person am I? What is my life about? Differ-
ences in culture and subculture obviously shape responses to such ques-
tions, and for this reason it is important to remember that lesbian, gay,
bisexual, and transgender (LGBT) people are very likely to be part of dis-
tinctive sexual subcultures—especially those who are included in brain or-
ganization studies, given their sampling schemes.

Lesbian, gay, and bisexual people (those with minority sexual orienta-
tions) are mostly not transgender (people who don’t identify with their
“birth sex” or the gender in which they were reared), but LGBT communi-
ties overlap and have entangled histories. It is tempting to think that the
distinction between gender and sexuality has influenced the history and
politics of LGBT people, but the influence has been at least as strong in the
other direction: political aspirations and intragroup struggles have shaped
the very contours of gender and sexuality as these categories became con-
ceptually distinct in the twentieth century. Anthropologist David Valen-
tine (2007) has documented how gay and lesbian activists actively distin-
guished themselves from “gender deviants” (transsexuals, transvestites,
and even such nondiagnosed but socially disdained groups as “fairies” and
“bulldaggers”) in order to win social respectability and escape from the
stigma of mental illness. This was not simply a cynical political strategy, of
course, but fit well with some gay men’s and lesbians’ fundamental sense of
being typical men or women in terms of gender.

Regardless of whether individual gay and lesbian people are gender-
conforming or not, there is a strong folk notion that lesbians and gay men
are sexual “inverts,” that is, that they have cross-sex traits (Kite and
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Deaux 1987). This predates brain organization theory and was an impor-
tant impetus for pursuing behavioral endocrinology research on humans
in the first place. Gay men and lesbians have long used gender atypicality
to signal to potential sexual partners and peers, and various forms of for-
mal and informal gender crossing have played an important role in gay
and lesbian social worlds for more than a century, perhaps much longer.7

Recall the three-ply-yarn metaphor that I introduced in Chapter 1 as a
way to understand the relationships among sex, gender, and sexuality. Our
cultural narrative about sex in the broad sense is both dichotomous (either
male or female) and neatly aligned across these three realms: sex–gender–
sexuality is a package deal. The entanglement of gender atypicality and
erotic atypicality may be important in the ongoing process of personality
development; for instance, those who perceive themselves as gender-
atypical may also be more attuned or open to signs of erotic atypicality,
and vice versa. This is relevant for daily life, and also for scientific re-
search. Constructing a lesbian or gay identity in the first place unavoidably
involves engaging with the notion of gender inversion, and reporting on
gender in the context of a study where sexual orientation has been made
salient also involves priming the gender stereotypes associated with one’s
own orientation. This is not just relevant for gay men and lesbians: to the
extent that the structure of recruitment or questions within studies makes
sex, gender, or sexuality salient for participants, heterosexual respondents
may be inclined to overestimate their gender conformity.

As a final way of thinking about how the relationship between sexuality
and gender is itself context-dependent, it is instructive to consider two ex-
amples in which same-sex desires do not align with gender atypicality.
Over the past few years, much attention has been given to the “Down
Low” (DL) phenomenon, men who have sex with other men but do not
identify as “gay.” The “DL functions not as a nonidentity but as an alter-
native sexual identity and community denoting same-gender interest, mas-
culine gender roles . . . Black racial/ethnic identity, and a dissociation from
both White and Black middle-class gay cultures” (Young and Meyer 2005,
1146). One of the reasons for all the attention to the DL is anxiety over the
fact that men on the DL can’t be readily identified as such, including by the
women with whom some men on the DL have sex. Another example is
femme lesbians, a subset of lesbians who have long puzzled sexological re-
searchers and confounded popular stereotypes. Sexologists have often ex-
cluded femme lesbians from the category of “true homosexuals” based on
their gender typicality, attributing their relationships with other women to
weakness or “feminine” traits such as passivity, sentimentality, or ten-
dency to monogamous love (Terry 1999). But lively butch-femme sub-
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cultures throughout the world (Wieringa, Blackwood, and Bhaiya 2007;
Hollibaugh and Moraga 1983) attest to the existence and persistence of si-
multaneous femininity and lesbianism in many women. People’s willing-
ness and ability to “pass” as heterosexual because of gender conformity
affects sexual identification, visibility, and disclosure of oneself as gay or
lesbian, and these also affect participation in research on sexual orienta-
tion. Thus, both men on the DL and femme lesbians are probably un-
derrepresented in studies of sexual orientation, which are but two exam-
ples of why the association of gender conformity and heterosexuality, or
nonconformity and homosexuality, should not be taken at face value.

Context matters. In our ongoing development, context matters from the
earliest stages of gestation, through infancy, childhood, adolescence, and
on into adulthood, especially when we are talking about domains of per-
sonality and behavior that are as complex and irreducibly social as gender
and sexuality. It also matters in science, affecting the way we recruit our
research subjects and interpret the information they offer us, the way sub-
jects perceive the goals of the research and unconsciously emphasize or fil-
ter information about themselves and important others (especially chil-
dren) on whom we ask them to report. But there has been next to no
attention to context in brain organization research. And context is demon-
strably different for the very groups that scientists compare when they do
brain organization studies, so the effect of contextual variables is hidden
within the differences they may observe.

Can we conclude, then, that there are no meaningful differences in the
initial predispositions of male and female infants, at the group level? No,
because we can’t remove children from the socialization process in order
to test this—that would require intervening to an unacceptable degree
with children’s initial contact with parents and others, which is critical for
healthy emotional attachment. But we also can’t conclude that there are
such differences, and the evidence from brain organization research adds
very little reason to suspect that differences in initial predispositions make
a meaningful contribution to gender.

Why do I place persistent emphasis on similarity? Is it because I think
(as quite a few critics have accused feminists in general of thinking) “dif-
ference is bad” and everyone should be the same? No. I think difference
and variety are good, and my problem with the current story of “sex in the
brain” is chiefly that it underplays and mislocates the creative sources of
human difference. Gender schemas are powerful, permanent shapers of
both our materially based, lived selves and the way we perceive ourselves
and others. In this way, gender is like a polarized lens, channeling the “un-
ruly” vibrations of sunlight into a single direction. It’s not that light only
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“looks” less glaring after passing through the lens: it is, in fact, trans-
formed, and more homogeneous. If you view sunlight only after it’s been
polarized, you’ll have a much narrower view of how light can move. Of
course, people do not become “gender automatons”—there is variety and
flexibility, and I am of the opinion that these are good things.

One of the fascinating things about gender is that the natural attitude
can persist even in the face of rapid change. Ambivalent, uneven, and con-
tested social commitments to changing the structure of education, work,
and family obligations have dramatically reshaped these variables in
slightly more than one generation. Gender differences in cognition and in
sexual expression have narrowed significantly during this same time. As
with CAH women compared with unaffected women, the interesting ques-
tion to me is not “What makes men and women different?” Instead, it is
this: Given that we do begin with slightly different average inputs in im-
portant biological factors for development (levels of steroid hormones that
affect growth, metabolism, mood, and so on), which could be followed by
very slight differences in initial predispositions, and given that this is fol-
lowed with pervasive, multilevel “tracking” of expectations and experi-
ences by gender, how is it that we end up so similar?8 Why is there so much
intrasex variability and intersex overlap, even on traits that we take as be-
ing fundamentally “proper” to one gender versus the other? That is an in-
teresting puzzle.

So what kinds of research might we do that would foreground inter-
esting, tractable questions about these processes? What kinds of studies
would not involve putting blinders on so that we could focus on a singular
input like prenatal hormone levels, thereby distorting understanding of
how even one factor, let alone many others, do affect development? These
are open, exciting questions, and they are the stuff of careers, not final
chapters. But in Chapter 10 I’ll sketch out a few promising ways that we
might think of these things differently.
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c h a p t e r t e n

Trading Essence for Potential

In the middle of the seventeenth century, a self-taught Dutch natu-
ralist who was well regarded both for the microscopic lenses he ground

and for the wonderful array of “little animals” he had observed with this
exciting tool, turned his attention to human semen. In her marvelously en-
tertaining history of the doctrine of preformationism, Clara Pinto-Correia
describes how this naturalist, Antoni van Leeuwenhoek, receives “some in-
triguing drawings” made by a French aristocrat, himself an accomplished
and enthusiastic amateur scientist. Leeuwenhoek “has already seen little
animals in the semen of several species, and has wondered aloud about
their real nature. Now he has before him Dalenpatius’s letter, and with it
the ultimate temptation: the drawings of the Frenchman portray little
men, complete with hats and beards, enclosed inside the heads of the little
animals” (Pinto-Correia 1997, 65). Leeuwenhoek’s term for these wildly
abundant little animals—the spermatozoa—was “animalcules.” Sometime
not too long after he received this letter, Leeuwenhoek saw with his own
eyes the rudimentary seed of man, encased inside the sperm. Each one
swam about, a bit basic perhaps, but with its own definite personhood al-
ready implicit in its compact little being. These seeds in semen, the sperm,
were thought to carry the critical essence of humanity from one generation
to the next. Implanted in the womb, the “little man” (Leeuwenhoek’s
term) inside the animalcule would meet the matter that was essential for
growing into a fully realized human being. But the significant essence of its



being was present from the start, as unaltered and unalterable as a tiny
Russian doll, giving shape from the inside out to the bigger self that it
would come to inhabit.

We are the descendants of these “little men” (in Latin: homunculus)—
though not in quite the material way the preformationists like Leeuwen-
hoek would have predicted.1 Pinto-Correia (1997) suggests that humans,
in general, have an enduring fascination with “the idea of boxes inside
boxes inside boxes” (6). She defines preformation as “the assumption that
the primordial organism already contains inside itself all other organisms
of the same species, perfectly preformed, minuscule though they might be”
and distinguishes this from preexistence, “the more sophisticated version
of the model, in which the primordial organism contains only the basic
blueprints of all the related organisms to come” (xxi). The theory of brain
organization is a variation on the broad theme of preexistence, where the
entity that is transmitted across time, from one generation to the next, is
masculinity or femininity itself. Rather than being curled inside the sperm,
as the “spermists” believed, or tucked inside the ovum, as “ovists” did,
our imaginary timeless “little men” and “little women” are encased in tes-
tosterone and estrogen.

Toward a More Biological View of Development

In this chapter, I draw heavily on theoretical and empirical work in de-
velopmental and evolutionary biology, especially as articulated by Evan
Balaban, Anne Fausto-Sterling, Evelyn Fox Keller, and Richard Lewontin.
Balaban, a cognitive and developmental neuroscientist who has made pro-
found contributions to knowledge about biological processes in the devel-
opment of behavior, expresses strong dissatisfaction with the way biology
is currently invoked as an explanation for human behavior:

Talented thinkers from many domains of cognitive science (with collectively
little primary training as biologists) have transformed debates about cognitive
development into debates about biology, by claiming that evolutionary, ge-
netic, and/or cellular facts dictate the acceptance of (often opposing) opinions
about the origin, development or function of the human mind or human be-
havior. (Balaban 2006, 299)

As Balaban sees it, the current arguments about what makes us who we
are miss the mark, because the issue to resolve in understanding develop-
ment is not the relative contribution of genetic variables (including specific
gene products, such as steroid hormones) versus environmental variables
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(including but not limited to experience). He is clear that the problem is
not simply that some thinkers underemphasize either “experience” or “bi-
ology”—the problem is that formulating this contrast already reveals a
fundamental misunderstanding of biology:

Biological contributions to cognitive development continue to be conceived
predominantly along deterministic lines, with proponents of different posi-
tions arguing about the preponderance of gene-based versus experience-based
influences that organize brain circuits irreversibly during prenatal or early
postnatal life, and evolutionary influences acting through selection on small
numbers of genes. (298)

In contrast to this deterministic approach, a growing cadre of biolo-
gists advance a way of understanding development that recognizes con-
straints imposed by our genetic inheritance but moves firmly away from a
notion of genes as static, concrete building blocks. In her magnificently
compact treatise on how we might better understand the relationship be-
tween genes and organisms, Evelyn Fox Keller draws attention to how the
notion of genes as “elemental particles,” biological analogues to the atoms
of physics and molecules of chemistry, long ago outlived its usefulness, if
not its influence (Keller 2000, 18). Metaphorically speaking, whatever is
“written in our genes” must be a very open-ended story, because gene ex-
pression is a dynamic, contingent process that is responsive both to spe-
cific conditions during development and to random events. In Balaban’s
words, “Developmental processes inseparably fuse experience-dependent
and experience-independent components, have important stochastic con-
tributions, and exhibit a greater degree of mechanistic continuity between
developing and adult nervous systems than previously thought” (Balaban
2006, 298, emphasis added).

This is unfamiliar territory to most nonbiologists, so what exactly does
that mean? The three key concepts are the inseparability of experience and
heredity, the importance of random events, and the fact that development
is a lifelong process. Outcomes in the cognitive domain, in particular, are
always contingent, rather than ultimate.

Norms of Reaction

The fusing of experience and heredity is the idea of interaction. But the
“interactionism” of brain organization models is almost always addition
rather than the inseparable fusing that defines the relationship of fac-
tors that interact. For me, the easiest way to understand how interaction

Trading Essence for Potential p 271



works, and therefore what is wrong with a deterministic or additive model
of development, is through the concept of norms of reaction. In Triple He-
lix: Gene, Organism, and Environment, the distinguished evolutionary bi-
ologist Richard Lewontin notes that “a genotype does not specify a unique
outcome of development; rather, it specifies a norm of reaction, a pattern
of different developmental outcomes in different environments” (Lewon-
tin 2000, 23). To understand norms of reaction, we need to define three
concepts: genotype, phenotype, and environment. Genotype refers to the
actual “genes,” the basic units of hereditary material in DNA, while phe-
notype refers to developmental outcomes, the individual’s “traits.” So phe-
notype is a somewhat broad concept, referring to anatomical, physiologi-
cal, and behavioral characteristics that might be defined at the very gross
level (such as height, intellectual function), the specific level (femur length,
mental rotation skill), or even more precisely, by specifying aspects of
the individual’s developmental process (age when final femur length is
achieved, amount of practice required to acquire x amount of improve-
ment in mental rotation, and so on).

Environment is the broadest and most difficult part of this trio to spec-
ify, because it is literally the remainder of the developmental “input” be-
yond the specific hereditary information influencing a trait. Components
of the developmental environment that typically come to mind include as-
pects of the material world external to the individual that impinge upon
development (such as sunlight, nutrition, available oxygen, environmental
toxins) as well as experiences that are difficult to conceptualize at a mate-
rial level (nurturing, separation, trauma, exposure to specific cognitive
schemas, and the like). Less familiar is the fact that additional characteris-
tics of the individual organism, beyond the genome, constitute part of
the developmental environment. This includes everything from the entire
remainder of the individual’s genome (sometimes bracketed as “genetic
background” to indicate those aspects of inheritance that aren’t directly
relevant for development of a trait), to nongenetic material of the egg, to
(in the human example) the individual’s developing self-consciousness and
responses to internal and external inputs. Hormones that affect develop-
ment, whether they are an individual’s own hormones (endogenous) or
hormones from the mother or a co-twin (exogenous), are part of the envi-
ronment.

A norm of reaction (NOR) is a sort of map that shows the relationship
between the genotype and the phenotype across different environments.
One of my favorite experiments of all time, because of its elegance and the
extreme patience of the researchers involved, is the NOR mapping carried
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out by the botanists Clausen, Keck, and Hiesey over several decades on na-
tive plant species in California (Hiesey, Clausen, and Keck 1942; Clausen
and Hiesey 1960; Clausen, Keck, and Hiesey 1947). Their work “aimed
directly at clarifying two sets of relationships: the first is the relation of
plants to each other, and the second is their relationship to the environ-
ment” (Hiesey, Clausen, and Keck 1942, 5). NORs are a way of represent-
ing this latter relationship. Conceptually, the method they followed was
relatively simple. They began by gathering samples of naturally occurring
variants of a number of plant species, referred to as an “ecotype,” from cli-
matically distinct regions in California. Individual plants from each of
these ecotypes were then cloned by propagating cuttings from the wild-
gathered parent plant. The researchers tested the effect of the growing
environment by following this procedure: “Clone-members of different
ecotypes of perennial species were brought into gardens at contrasting alti-
tudes in California, one located in the mild coastal climate near sea-level at
Stanford University, another half-way up the western slope of the Sierra
Nevada at 4,600 feet elevation, . . . and a third at timberline near the crest
of the Sierras at an altitude of 10,000 feet” (7). Notably, “the ‘environ-
ment’ of the plants of different genetic/geographic origin within each ex-
perimental field was made as similar as possible” (Balaban 2006).

It may seem odd to shift to plants at this point in a book about people,
but there is a method to my madness. Clausen’s team followed a painstak-
ing process of charting the growth of successive generations of each of
these transplants, measuring and plotting the characteristics of tens of
thousands of individual plants over the years. Obviously this sort of exper-
iment could not be done for people, nor for most other animals. There is a
second reason that plants provide a good example: it removes the issue of
socialization and learning. Plants are simpler. Yet these experiments dra-
matically disrupt any simple sense of genetics as a “blueprint” for develop-
ment, because the appearance of genetically identical clones was strikingly
different in the distinct climates. On the one hand, among “clone-
members” from one region transplanted to another, “details of structure
and general habit of growth are essentially unaltered by transplanting”
(Hiesey, Clausen, and Keck 1942, 9). In other words, basic features com-
mon to the species remained relatively constant. On the other hand, “strik-
ing modifications in size of vegetative parts, especially of leaves and stems,
and in the extent of branching of flowering stems” (9) were observed
among genetically identical plants grown at different altitudes.

This point is so important, and so antithetical to the popular notion
of genetic “blueprints,” that it bears driving home with an illustration.
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Figure 10.1, from a paper by Clausen and colleagues, has been used by
many authors to teach the NOR concept.

This figure shows the relationship between altitude and plant height for
seven different genotypes of the single species Achillea millefolium. Each
column represents a genotype, and each row is a different environment.
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Figure 10.1. Norm of reaction depicting the growth pattern of seven Achillea geno-
types. (J. Clausen, D. D. Keck, and W. M. Heisey, “Experimental Studies on the
Nature of Species. III: Environmental Responses of Climatic Races of Achillea,”
Carnegie Institution of Washington Publications 581 [1958]: 1–129.) Used with
permission from Carnegie Institution of Science.



Note two interesting things about these plants. There is no way to arrange
the plants by height that is “environment-neutral”: the plant that is tallest
at high elevation and low elevation is one of the shortest plants at medium
elevation. And there is no single environment that is uniformly favorable
for producing taller plants. Plant number 4, for example, grows tallest at
medium elevation, while plant number 3 grows highest at low elevation,
and plant number 6 grows highest at high elevation.

The environmental dependence of the relationship between the geno-
type and the phenotype is not anything special in Achillea, by the way, nor
is it restricted to plants. Instead, it is a general feature of development that
is well recognized by developmental and evolutionary biologists (Nunez-
Farfan and Schlichting 2001).

Figure 10.2 provides another way of understanding the variation among
Achillea plants, and this will help connect the observations in Achillea
with our knowledge of variation in humans.

In Figure 10.2, each plant represents the “average” growth habit, again
focusing primarily on height, for different populations of Achillea de-
scended from plants that were initially gathered in distinct climates (eco-
types). To the right of each plant there is a rotated frequency chart that
shows the distribution of heights for that ecotype, when plants from that
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ecotype are grown in a uniform garden at the Stanford experimental field
(Hiesey, Clausen, and Keck 1942, 14). Note that the “range of variation
within each population overlaps that of the others, but the mean heights
are significantly different” (14). This is an interesting example because it is
similar to the shape of variation we see when large populations of men and
women are compared on certain aspects of cognition and temperament,
such as spatial abilities or “nurturing.” On its own, the chart seems to tell
a story about ecotypes among plants that is similar to the familiar narra-
tive of sex differences: even though there is overlap in the “scores” for
individuals in the different groups, the mean scores are higher in some
groups and lower in others, and some groups are apparently much more
variable than others (look at the broad spread with the relatively long tails
for the “San Gregorio” group compared with the sharp central peak and
blunt tails of the “Bodega Coast” group). Recall that the greater variabil-
ity of males is an important element of the overall narrative of how biolog-
ical factors like hormones, on the front end, explain social factors like the
sex composition of math faculties, at the back end (Summers 2005; Bau-
meister 2007).

There is an additional reason the analogy between ecotypes and the
sexes is attractive. The differences among various ecotypes of the same
species are the result of evolution: plants adapt within specific local envi-
ronments. This is similar to the explanation generally offered for observed
differences between males and females: insofar as such differences reliably
exist, they can be understood to reflect the different demands that the envi-
ronment has historically made on males versus females. Most narrators of
the sex-difference story simply stop here, assuming that (inferred) history
leaves not only an indelible imprint on future development but a predict-
able one. But here is where Figure 10.1 comes in. What if we were to look
at particular traits for ecotypes—or sexes—when aspects of the develop-
mental environment are substantially different?

To answer this, we need to know about the norm of reaction for the
group in question. This “group level” norm of reaction would represent
the range of phenotypic variation observed for members of the group,
across different environments. Because a genotype is a unique property of
an individual organism, defined as “the DNA sequences contained within
all of an individual’s chromosomes” (Balaban 2006, 304), let’s think about
the NOR at this group level as specifying “ecotype–phenotype” relation-
ships, rather than “genotype–phenotype” relationships. (Although we
might well disagree about the nature of the different environmental de-
mands made on males and females in human evolutionary history, let’s
agree that, in some theoretical sense, males and females are different “eco-
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types” of the same species.) Next, it’s important to realize that NORs are
not theoretical maps, they are empirical ones: How do actual phenotypes
vary in actual environments? Here it is particularly important to make ob-
servations of variation for the traits we’re interested in, rather than make
inferences about how males and females have differed across history, re-
gions, or cultures. Balaban explains, “If the NOR for a particular geno-
type could be specified over all possible environments, we could regard the
phenotypic distance it covers as indicating, in part, the developmental po-
tential of that genotype. We say ‘in part’ because unless we knew the mech-
anisms through which the NOR acquires its particular shape, we could not
predict phenotypes in a new set of environments” (Balaban 2006, 304).

The norm of reaction for a trait is always incomplete in the sense that
we can only map the known environments. Moreover, even if we knew all
environments to date, history itself limits the norm of reaction map: What
will happen in a new situation? The map can’t actually predict what the
phenotype will be under new circumstances. Moreover, because of the sto-
chastic components of development, the prediction of developmental out-
comes would still not be perfect.2

So even this idea of the “developmental potential” of an organism (let’s
say a human!) can only give us an idea of how responsive to environmental
influences particular phenotypic traits have been in known environments
—not predict what the trait will be in unknown environments. One thing
we can know, however, is whether the NOR is flat—meaning that the trait
stays the same across different environments. If it is flat, then this means
one of two things: either there is very little developmental flexibility in the
organism for that trait (the “preexistence model” of one-to-one mapping
between the “blueprint” and the developed state); or there could be a lot
of “developmental flexibility” in the sense that, in order to produce the
same, stable outcome under widely different circumstances, the develop-
mental system has to flexibly change what it does. However, virtually all
the traits that are of interest in behavioral cognitive science have nonflat
NORs (Balaban 1998), so we would expect a nonflat NOR for any puta-
tive outcome of the brain organization process. If it is not flat, this means
that the blueprint model cannot be correct; the environment is important
in how heredity shapes the trait.

In the case of sex differences in behavior, we might want to know not
just whether the trait differs across environments (that is, whether the
NOR is flat), but whether the magnitude or direction of sex differences
also varies across environments. In this case, the NOR curves of the phe-
notypic trait for each sex would be nonparallel to each other, as well as
nonflat. This is important, because as soon as the NORs are nonparallel,
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then it is readily conceivable that some environments exist for which
group differences would be eliminated or even reversed. In what follows, I
will argue that most, if not all, of the aspects of human behavior that are
presumed to be sex-typed by early hormone exposure have nonflat, non-
parallel NORs, meaning that the existence of trait differences, and their
sizes as well as their directions, are context-dependent and malleable.

Gender Norms (of Reaction)

The norm of reaction is not a new or a controversial concept. But it is rou-
tinely ignored in favor of the popular, simpler, and wrong model of deter-
ministic, additive factors that influence development. There is much more
to say about how this concept might help us to reshape our notion of sex,
emotion, and cognition. A good way to proceed is to think about what is
already known regarding the relationship between the ecotype of sex and
the development of various characteristics. How does the developmental
environment matter?

There are a number of examples of differences in the way that specific
environmental conditions affect sex-typed behavior in males versus fe-
males in other species, such that there is no environment-neutral way to
specify the sex difference. For example, territorial exploration is a trait
that is considered male-typical in rhesus monkeys, but in this species males
seem to be more vulnerable to “aberrant” rearing conditions such as isola-
tion. Thus, “isolation-reared males [show] much more frequent and in-
tense fear, and less exploration, than isolation-reared females” (Sacket,
Holm, and Landesman-Dwyer, quoted in Jacklin, Maccoby, and Doering
1983, 164). Likewise, both male and female rats have a capacity for “ma-
ternal” behavior (which raises the question of why grooming and caring
for rat pups isn’t just called “parental” behavior). Leboucher has shown
that previous exposure to pups has a more dramatic effect in stimulating
“maternal” behavior among male versus female rats (Leboucher 1989).
Another interesting example concerns the way that males versus females
navigate through space. The use of “spatial location” (such as orientation
in relation to compass points) versus “local markers” is considered to be a
reliable male–female difference in a number of species, with males prefer-
ring (or excelling at) the former strategy and females preferring (or excel-
ling at) the latter one. But recent data from Rebecca Herman and Kim
Wallen (2007) complicate this perspective. Herman and Wallen studied
spatial navigation among rhesus monkeys, manipulating both hormones
and the information that was available to the animals for using the two
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spatial strategies. For the purpose of this discussion, the interesting finding
was among the animals that were not hormonally manipulated. Here,
in a novel environment in which local markers were not available, the
researchers found that the females, not the males, were able to make
better use of the “male typical” navigational strategy. They also found that
blocking the males’ prenatal androgen exposures improved the use of local
markers (not that blocking androgen prevented development of the “male-
typical” trait, which in their model would have meant impairing the ability
to use “spatial consistency”).3

These examples suggest that although these traits—maternalism, explo-
ration, spatial relations—are staples of the brain organization literature, it
is not accurate to simply talk about these traits as representing “stable dif-
ferences” between the sexes, even though the differences may in fact be
quite real and even substantial in any given time and place. Given what re-
searchers themselves have shown about how sex differences in these traits
can and do change in different environments, it is teleological to pro-
nounce such environment-dependent states as “sex-typed.” That is, be-
cause the nature of the sex difference depends on specific environments,
the environments that produce more pronounced sex differences are de-
fined in a circular manner as “ideal” or “natural.” But—especially when
the variation in outcomes produced by environmental change is not patho-
logical—one must ask on what basis is that environment considered ideal?
Ideal for what? For emphasizing a particular pattern of difference.

The practice of considering environments that emphasize sex differences
as “ideal” becomes even more problematic when one takes into account
the degree to which normal males exhibit so-called female-typical behav-
ior, and normal females exhibit so-called male-typical behavior. This blur-
ring of “male” and “female” behavior is substantial even in species where
behavior is quite heavily linked to hormones, and even for behaviors that
are directly tied to reproduction or rearing of the young (for example,
Clemens, Hiroi, and Gorski 1969; Noble 1979; Leboucher 1989; for an
excellent review of this issue, see van den Wijngaard 1997). Note that in
the popular coverage of sex differences, the concept of substantial overlap
is almost completely absent and the impression of a strict dichotomy of
sex-typed behavior is even more pronounced (Lancaster 2003; Barnett and
Rivers 2004; Cameron 2007).

The example of bones is especially profitable for rethinking the develop-
ment of sex-typed characteristics in humans, both because gonadal hor-
mones play a central role in bone growth and maintenance and because
the most theoretically and empirically rich application of concepts in de-
velopmental biology to problems of sex difference has focused on bones
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(Fausto-Sterling 2005). Begin with the aspect of bones that is one of the
central phenotypic variations routinely cited as a “sex” difference: males
are taller, on average, reflecting more length in the long bones. According
to psychologist Richard Lippa, a brain organization researcher who has
used data from the large BBC Internet survey to analyze sex differences in
height along with a variety of characteristics that he relates to brain orga-
nization theory, “evolved biological factors are the primary cause of sex
differences” in height as well as in libido (what he calls “sex drive”) (Lippa
2009). Lippa specifically contrasts the “biological model” for height and
libido from a “hybrid model”—where both biological and social struc-
tural influences are seen as contributing to sex differences—which is what
passes for interactionism in most brain organization research, though it
is what developmental biologists would call an additive or deterministic
model. The current basic theory behind sex differences in height is this:

The growth plates or epiphyseal plates are generally more sensitive to the ef-
fects of estrogen than to those of testosterone. During puberty in the female,
the rising levels of estrogen seal the epiphyseal plate earlier than testosterone
does in males. The effects of the male hormone, testosterone, are felt at a later
stage. Thus, females stop growing earlier than males do. (skeletalsystem.net)

The scientific actors and relationships described here—the narrative—
should be very familiar by now. An observable sex difference in phenotype
(height) and a physiological process that involves the so-called sex hor-
mones estrogen and testosterone. The story implies that estrogen would be
responsible for hardening of epiphyseal plates only in females, while the
actor in males would be testosterone (in fact, both hormones are impor-
tant for stopping bone growth in both sexes). The story doesn’t help ac-
count for a number of interesting problems we could observe about men,
women, and height across populations and time. For example, if “sex hor-
mones” are the primary explanatory factors, how do we explain differ-
ences in groups that aren’t defined by sex? For instance, why are Dutch
people so tall, even compared with other Western Europeans with similar
health and nutrition metrics (Carvel 2002)? How can we account for the
fact that the average height among Dutch women is now somewhat higher
than the average height among Spanish men was just about 60 years ago
(Cavelaars et al. 2000)? And why has height in Dutch people (and the rest
of the industrialized world) been significantly rising during the precise
period when age at menarche (the time when estrogen levels dramatically
rise in girls) has been significantly dropping (Fredriks et al. 2000; Ong, Ah-
med, and Dunger 2006)?

The problematic habit of classifying hormones as fundamentally related
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to, and even for, sex (rather than about broader functions, such as growth
regulation) and as “sex-specific” (that is, properly belonging to one sex or
the other, rather than being related to normal function in healthy individu-
als of both sexes) is part of the difficulty here. But it’s only one part. The
other part is that when height is conceptualized as a sex (read: biological)
difference, height is then theorized as fundamentally flowing from sex in a
deterministic way. This model has the unhappy effect of suggesting that
the general shape of sex differences is stagnant over time and across popu-
lations. Notice, for example, that Lippa (2009) pronounces that sex differ-
ences in height are fully biological, even though he has gathered informa-
tion about only one single time point! But that is a conclusion one cannot
draw without data over time, as well as across locations. In fact, we have
enough data to show that the NOR map between sex and height is not flat,
because (as noted above) there have been highly significant changes in
height for both men and women in just the past hundred years. (Recall
that while an NOR is, strictly speaking, a reflection of how genetically
identical individuals develop in different environments, I’m using the “ex-
panded” concept of NOR as the relation between male and female “eco-
types,” respectively, and the trait of height, across different environments.)
Consider the fact that average height among men has been increasing
faster than average height among women in most European countries over
the last seventy years (Cavelaars et al. 2000). This shows us that the NOR
is not only flat but nonparallel: different environments affect height differ-
ently for women versus men. Once we know this, all bets are off for pre-
dicting how sex differences might look in a future, novel environment (un-
less and until we know the actual developmental mechanisms that mediate
the interaction of the genotype and the phenotype, which we are very far
from knowing).

Does this mean that there is not really an average difference in height for
men versus women? Of course not. In the environments mapped to date,
heights are consistently different at the group level, by sex. But that is not
a particularly interesting observation. The “fundamental sex difference”
story makes it difficult to notice how sex differences, themselves, change
shape in different environments. It also makes it hard to absorb informa-
tion on important influences from social structures. Here is a fascinating
example. A recent study in the Journal of Demography, based on growth
data from two large longitudinal studies, reported that sex differences in
children’s height are significantly related to “son preference.” Song and
Burgard (2008) show that, in addition to long-term nutritional status and
exposure to infectious diseases, a measure of son preference at the popula-
tion level helped explain a significant and substantial height advantage
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among Chinese boys, especially in rural areas. In other words, by a variety
of measures, the relative preference for boys seems to be higher in China
than in the Philippines, and there is also a larger sex difference in height in
China, even when all other major factors related to height are controlled.
A plausible explanation for this effect might be that where sons matter
more to parents than daughters do, sons are given a larger share of fami-
lies’ nutritional and health-care resources.

Let’s pause to consider how we might think of “gender NORs” in the
psychosexual domain. To take but one example, sex differences in educa-
tional attainment, which are sometimes taken to reflect underlying sex-
typed traits such as achievement orientation or competitiveness, have re-
cently undergone several shifts and even reversals. Prior to the late 1970s,
males were consistently more likely to proceed to college following high
school, but in the following decade the sex difference evened out. More re-
markable, since the early 1990s, young women have been significantly
more likely to enroll in and earn degrees from four-year colleges than
young men (Smith 1995). In the nation’s largest university system, the
California state universities, women were 57 percent of new first-year
students in 2000, and 66 percent of graduates in 2005 (“Fewer Men on
Campus” 2006).4 Obviously there has been no major biological change
between the sexes during these decades, so the answer must lie in some as-
pect or aspects of the social environment. Changing gender norms clearly
mediate the relationship between sex and education, but there are other
important elements, too. Note that educational participation and attain-
ment are also dependent on class and on race (Huang, Taddese, and Walter
2000). The shape of sex differences is specific to class-race groups and has
changed differently in specific groups over the past few decades. The fact
that sex differences in educational attainment cannot be accurately gener-
alized, but must be described for particular historical periods, and specific,
culturally defined groups, is critical, because it shows that the “reaction
norm” linking gender to education is not flat. Note that for bachelor’s de-
grees earned in the United States in 2003, “women earned about two-
thirds (67 percent) of degrees granted to Black, non-Hispanics, 63 percent
of degrees granted to American Indians/Alaska Natives, 61 percent of de-
grees granted to Hispanics, 58 percent of degrees granted to White, non-
Hispanics, and 55 percent of degrees granted to Asians/Pacific Islanders”
(National Center for Education Statistics 2009).

In virtually all fields related to science, technology, engineering, and
mathematics, the gender gap has narrowed significantly over the past few
decades, though it has narrowed less in some fields than in others (Huang,
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Taddese, and Walter 2000). As I have discussed in earlier chapters, propo-
nents of brain organization theory make much of the role of “sex-typed in-
terests” in explaining the disparities that persist. So let us consider what is
known specifically about interests. “A review of national surveys of col-
lege students . . . reported that, while the career interests of men and
women have been becoming increasingly similar during the last 3 decades
(1966 to 1996), one of the largest remaining gender gaps was still engi-
neering, a field in which few women intend to study and work” (Huang,
Taddese, and Walter 2000, 5). The figures for engineering bachelor’s, mas-
ter’s, and doctoral degrees awarded, though, show a spectacular amount
of change in this field over a very short period. In 1966, less than 0.5 per-
cent of bachelor’s or doctoral degrees in engineering went to women,
but by 1996 the figures had jumped to 17.9 percent and 12.3 percent, re-
spectively (5). Looking at other quintessentially male-dominated fields, by
1996 women were earning one-third of mathematics and computer science
degrees.

We cannot assume that we have basically reached the limit of change in
the shape of gender differences in these or in any fields unless we assert
that there cannot (or perhaps should not) be any more change in social
structures related to gender. And what, after all, has changed in terms of
gender as a multilevel social system? Certainly there have been important
moves toward formal equality, as barriers to equal participation in educa-
tional programs have been removed. But core gender schemas don’t seem
to have changed much in this time (Gherardi and Poggio 2001; Fischer
1993). People still hold the same basic stereotypes about the attributes that
men versus women should have (Prentice and Carranza 2002) and still
tend to attribute “masculine” characteristics like rationality and compe-
tence more readily to males, independent of the evidence available regard-
ing the actual attributes of individuals being evaluated (Valian 1999). In
fact, there is good evidence of “backlash” effects (social and economic re-
prisals) for women who try to break the mold of traditional femininity
(Rudman and Phelan 2008)—which they must do if they are to enter tra-
ditionally male fields or rise to leadership positions. But the issue goes
beyond the conscious attempt to break glass ceilings. While brain orga-
nization researchers are fond of emphasizing individual “interests” and
“choices,” other scholars point to factors that shape and constrain these
interests, such as the “flow” of work and support that men versus women
can count on in their families (Williams 2000), and the gender schemas
that shape the perception and actual development of people’s behaviors
and characteristics (Valian 1999; Harris 2004). Given the irrefutable evi-
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dence of change in actual outcomes after relatively short-term and limited
alteration of gender structures, doesn’t it seem premature to attribute dis-
parities to biological factors in sex-typed interests?

Relating these changes in education and career interests again to the
concept of NORs, we can see by looking at education in specific fields not
only that the “gender NOR” is nonflat, but also that it is not parallel for
males and females, because the sex difference has reversed in some fields.
Think of accounting, which is a field that seems to be a great example of a
domain that would interest “systemizers” (to use Simon Baron-Cohen’s
notion that fundamental interest in “law-like systems” is triggered by early
testosterone). Wootton and Kemmerer (2000) document that women con-
stituted 10 percent of accountants in 1930 and more than 51 percent in
1990, with 53 percent of new accounting degrees awarded to women in
1990. They note, too, that “increases in the aggregate workforce were not
accompanied by subsequent proportional increases in participation at the
upper-management levels of accounting firms” (169). The gender compo-
sition of these professions at different points in time, the rapid change in a
matter of a few decades, and the continued predominance of males in up-
per management can all be readily explained by social, cultural, educa-
tional, and economic factors (as Wootton and Kemmerer do). These fac-
tors cannot, of course, explain why any individual woman or man in either
1930 or 1990 might have become an accountant, a biologist, a stay-at-
home parent, or a lawyer. But because the pattern of sex differences in all
of these occupations, except stay-at-home parent, has changed so much in
recent history, appealing to sex as the fundamental explanation for occu-
pational choice is not terribly convincing.5

But perhaps the arguments about sex differences in math and science or
occupations more generally is too familiar. It might be easier to see the
norm-of-reaction concept with more physical examples. So let’s return to
the issue of bones, and move to other aspects of bone growth that look
more like the kinds of phenotypes psychologists are interested in. Al-
though early development has a major impact on later characteristics,
bone width and density continue to change and develop over time, follow-
ing the same basic processes that guide early development (this is what
Balaban means by “mechanistic continuity” between juvenile and adult
systems). Anne Fausto-Sterling has recently used bone density and osteo-
porosis to push against the sex versus gender distinction itself, asking
“what it might mean to claim that our bodies physically imbibe culture”
(Fausto-Sterling 2005, 1495). Because bone development is “an area often
accepted as an irrefutable site of sex difference” (1498), showing how sex
differences in bone development are responsive to culture not only im-
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proves our understanding of bone health and diseases, it destabilizes bio-
logical sex. This work is part of a larger feminist project that involves doc-
umenting the ways in which apparently “natural” properties of sexed
bodies are in fact dependent on gendered activities that actively shape bod-
ies, as well as our perceptions of bodies (for example, Oudshoorn 1994;
Kessler 1998; Fausto-Sterling 2000). In the case of bone density and osteo-
porosis, some of the factors that underlie putatively innate biological sex
differences include physical activity levels, especially weight-bearing work
and exercise; diet, especially calcium intake; exposure to sunlight for vita-
min D; and hormones—of these, only hormones have a plausible “biologi-
cal” basis that is easy to conceptualize apart from gender, socioeconomic
position, and culture. And while biological factors like hormones are in-
volved in translating specific inputs like weight-bearing exercise into a sex
difference in bone density, we can immediately see that this will be affected
by systematic gender differences in weight-bearing exercise. It is harder to
remember, though, that steroid hormones are also affected by the social
organization of gender. Steroid hormones, including gonadal hormones,
are responsive to a wide range of behaviors, mood states, and pharmaco-
logic interventions (such as hormonal birth control) that are profoundly
affected by gender relations. Gender, in interaction with socioeconomic
position and culture, heavily influences the kinds of work and play that
people engage in, the food they eat (including both quantity and types), the
likelihood that they will diet, and so on.

One brief example that Fausto-Sterling offers to demonstrate that “cul-
ture shapes bones” is the fact of very low bone mineral density (BMD) in
the lower back among ultra-Orthodox Jewish adolescents, who also “have
lowered physical activity, less exposure to sunlight, and drink less milk
than their secular counterparts” (1491). We can elaborate this example to
show how gender and culture interact, too. While bone density is typically
higher among males than females in this age group, “boys had profoundly
lower spinal BMD than did girls” in this community (Taha et al. 2001).
Because the sex difference was found even after they controlled for hours
per week of weight-bearing exercise and walking, the authors conclude
that sex-related biology is an important determinant of bone mineral den-
sity. But the ultra-Orthodox communities are highly gender segregated in
terms of both activities and spatial organization (males and females are lit-
erally required to be in different physical spaces much of the time, and
boys spend most of their hours inside, studying the Talmud). It is likely,
then, that the study has under-assessed relevant gender differences, such as
the amount of sunlight exposure, or other physical movement that does
not register for the girls as “weight-bearing exercise” but that nonetheless
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distinguishes their activities from the extreme stillness that the boys expe-
rience. Imagine, though, that they have in fact perfectly measured all fac-
tors that are systematically different by gender. That would mean that in
this cultural context, the sex difference seems to work differently than in
other contexts.

This demonstrates the true meaning of interaction. It’s not just that there
is some constant amount of bone density that is attributable to sex and
some other variable amount that you add on for gender. Nor is it accurate
to think of sex as controlling some specific aspects of the processes related
to bone density, while gender controls other processes. If we think of this
interaction in Balaban’s terms as the “inseparable fusing” of “experience-
dependent” and “experience-independent” aspects of development, it sug-
gests an alternative working definition for sex. If sex is the experience-in-
dependent part of maleness or femaleness, and gender is the experience-de-
pendent part, what would that mean? For one thing, it would mean that
the question of what counts as sex would become a matter for empirical
investigation instead of being a matter of definition or philosophy. For an-
other thing, it would mean the immediate constriction of the term sex to
exclude all those aspects of biology that we already know are dependent
on experience (where experience includes exposures that depend on per-
sonal biography as well as culture and social position in structures like
gender, class, and race). Third, even once the term is restricted in this way,
the meaning of this term for developmental endpoints must also change
from current usage. That is because the way in which “sex” works still de-
pends on gender, as well as other aspects of culture. This is most especially
true in the realm of behavior, particularly that portion of behavior that we
understand as gender and sexuality.

Very few developmental endpoints are truly “final”; instead, they are
interim states, with the possibility of growth and change until death. This
is the meaning of plasticity. In this ongoing process, the interaction of
physiological and experiential variables is iterative, meaning that the cur-
rent state of the organism interacts with each subsequent input—whether
that input is experiential or physical (including biochemical). In brain or-
ganization studies, both the animal researchers and the scientists studying
humans follow two practices that obscure this fact, causing them to mis-
represent scientific knowledge on the effects of hormone exposures during
the “critical” periods for development of the brain. In literature reviews
for new studies, as well as in review articles and theoretical pieces on brain
organization, brain organization researchers have systematically omitted
data on the modifiability of the supposedly “permanent” behavioral pat-

Brain Storm p 286



terns that follow early hormone exposures. As early as 1969 it was known
that many of the “organizing” effects of hormones are not permanent, but
are easily modifiable by experience. In a little-cited study by researchers at
UCLA, for example, scientists found that allowing an androgenized fe-
male rat to have just two hours to adapt to a stud male completely elimi-
nated the behavioral effects of prenatal testosterone injections (Clemens,
Hiroi, and Gorski 1969). Money and Ehrhardt (1972, 85) suggested that
“neonatal androgen may have rendered the females more sensitive to the
copulatory environment, possibly to olfactory cues, in the manner that is
usually typical of males. Once adapted to the environment, they became
disinhibited. The behavior that was then released was not masculine in
type, but the feminine response of lordosis” (emphasis added). Subsequent
experiments have shown that a great many of the sex-typed behaviors that
are supposedly permanently organized by prenatal hormones can be dra-
matically modified or even reversed by simple and relatively short-term be-
havioral interventions such as neonatal handling (Wakshlak and Wein-
stock 1990), early exposure to pups (in rats) (Leboucher 1989), and sexual
experience (Hendricks, Lehman, and Oswalt 1982), to cite just a few ex-
amples.

A recent very exciting example of plasticity in humans concerns dys-
lexia, a cognitive trait that has been theoretically linked to early testoster-
one and has even been examined in some brain organization studies as a
marker of “masculinization” (for example, Götestam, Coates, and Ek-
strand 1992). Simos and colleagues (2002) studied children with dyslexia
before and after eighty hours of intensive remedial reading instruction. At
the beginning of the study, magnetic source imaging showed that the chil-
dren with dyslexia had a different pattern of brain activation compared
with normal children with no reading problems. In particular, they showed
very low signals associated with an area that is normally involved in pho-
nological processing. Remarkably, after the intensive intervention the chil-
dren not only made substantial improvement in their reading skills but
also showed much larger signals associated with the phonological pro-
cessing area that formerly showed low signals.

Another powerful example concerns spatial cognition—one of the hall-
marks of psychosexual differences. Feng, Spence, and Pratt (2007) iden-
tified a basic information-processing capacity that underlies spatial cog-
nition and showed that differences in this capacity (the distribution of
spatial attention) are related to differences in the higher-level process of
mental rotation ability. They then showed that a remarkably brief inter-
vention—just ten hours of practice with an action video game—caused
“substantial gains in both spatial attention and mental rotation, with
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women benefiting more than men” (850). The ten-hour training did not
completely eliminate the sex difference, but it came extraordinarily close—
the mean scores after training were no longer statistically distinguishable
between males and females.6

Thus, even though early hormones affect neural development, the lan-
guage of “hardwiring,” “blueprints,” “latency,” “permanent organiza-
tion,” and so on clearly conveys an inaccurate picture of the nature of
early hormone effects on behavior. As Doell and Longino (1988) noted
two decades ago, these metaphors fail to accurately capture how develop-
ment really works. Even in rats, early hormone exposures do not create a
solid foundation on which behavior must forever stand. At first glance the
true process might seem to be captured by the notion of developmental
“cascades,” which several organization theory researchers raised in their
interviews with me. The notion of developmental cascades suggests that
hormones don’t directly determine behavior, but create a small push in one
direction, which is then amplified by experiences and other inputs that in
turn trigger additional inputs, such that a tiny push at the front end can
end up in a sizable difference in outcome. But this is only half the story—
one in which the small initial differences almost inevitably grow larger as
additional effects accumulate. But an early push in a certain direction can
be either enhanced or entirely eliminated by subsequent experience, such
that development from that point forward would proceed as though the
early hormone exposure had never happened.

Again, the point is not that hormone effects are not “real.” Hormones
are important growth mediators, and they do figure into development, in-
cluding neural development, in a variety of important ways. Nor is the
point that males and females aren’t “really” different. There are demon-
strable differences, on average, between males and females in a variety
of characteristics, including some limited cognitive abilities, personality
traits, and interests, including sexual interests. The problem is the way that
brain organization theory brings together ideas about hormones with ob-
servations of male–female differences. The story attributes an unrealistic
specificity and permanence to early hormone effects, as well as a demon-
strably false inevitability and uniformity to sex differences, which are inac-
curate even for those animals whose sexual and other behaviors may turn
out to be mechanistically less complicated than ours.

Norms of reaction give us an alternative way to understand the experi-
ments that show how early hormones shape reproductive physiology—
variations in gonadal hormones during critical periods of development af-
fect the relationship between genotype (XX or XY) and phenotype for
genitals. This is the idea behind brain organization theory, too. The prob-
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lem is that the data have never fit the model so well in the case of brains as
the case of genitals. And theoretically, there are many reasons to predict
that the model would not fit. As I described in Chapter 3, one major prob-
lem is that brains, unlike genitals, are plastic—so the ultimate phenotype
isn’t apparent at birth or even at some point in childhood or adolescence.
In fact, brain development is not completely “finished” at any point prior
to death. But quite a few aspects of our personalities, skills, and sexual de-
sires do seem to be pretty stable through at least our adult lives. So perhaps
the issue of plasticity could be set aside, as long as we specify that we are
interested in the phenotype at a particular point in time. Of course, this is
what brain organization researchers do when they look specifically at play
in children, or gender identity in adults, and so on. The problem is that in
between the initial environmental input of early hormones and the point at
which the phenotype is observed, there are many other aspects of the envi-
ronment that impinge on development.

Let’s return to the question of experiments and consider how animal
experiments on brain organization could better incorporate the NOR
principle, while remaining attentive to plasticity. Such experiments would
require testing hormones-during-critical-periods as the first important
variation in environment, and the phenotype that results from early hor-
mones as an interim state in the organism’s development. Next, it would
require systematically testing how early hormone exposures affect the be-
havior of animals who are reared in different ways, sexually socialized in
different ways, exposed to different subsequent hormone environments,
have different diets and exercise regimens, and so on. A fundamental error
in most research to date is that researchers have assumed that the “or-
ganizing effects” of hormones are permanent, without testing similarly
treated animals across a range of developmental conditions and genomes
to test the stability of those effects. This is to proceed as though all impor-
tant aspects of development are over, or as though development of the
brain and behavior has a fundamentally different character after the “or-
ganization” phase. But it does not.

Thus, the notion of a blueprint or an unchangeable behavioral pattern,
set early on and then lying “latent” and waiting to be “released” does not
really work. Add to the model the understanding of gender as a multilevel
environment that impinges on development in ways that are both perva-
sive and only dimly recognized at present. What is the bottom line? It is
reasonable to expect that in the context of extremely gender-dichotomous
socialization around sex, within-sex variability can be dramatically atten-
uated and cross-sex difference will be enhanced. This suggestion fits the
empirical evidence regarding domains of development that were reviewed
above (bones, spatial relations, educational interests and attainment). It
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has already been demonstrated in these domains that different environ-
ments can change the shape of sex differences, reducing their size or even
reversing the direction of difference. The question is not whether that is
possible. The question, instead, is what kinds of differences should we—
socially and politically—accept or even embrace, and conversely, what
kinds of skills and traits would we prefer to encourage (or discourage) in
everyone. As I have argued, this is not a scientific question, but a political
one. Punting this important political issue back to science by suggesting
that some things are simply the “state of nature” clearly will not do.

Conclusion: Toward the Open Door

The influence of biological variables that we think of as “sex-linked” al-
most certainly plays a role in the overall iterative-and-looping process of
development. But in terms of a scientific program for understanding devel-
opment, we’ve reached the end of that road—in fact, we’ve gone way off
the road into the woods and are now stuck in the deep mud of “innate sex
differences.” As I have demonstrated throughout this book, the data are
not compelling when placed together in the “network of associations,”
and models of development that are current in biology give us little reason
to continue pursuing this line of reasoning. So here are a few closing obser-
vations that might help us climb out of the mud:

Steroid hormones are important, but they aren’t best conceptualized as
“sex hormones.” They do lots of things; “sex hormones” was the
original conceptualization that drove the research and classification
on hormones, but it doesn’t fit the data on what hormones do any
better than other possible schemes. And the “sex hormone” frame-
work demonstrably blocks recognition of complex and accurate in-
formation (Oudshoorn 1994; Fausto-Sterling 2000; Nehm and
Young 2008).

Personality traits and predispositions are not identical in individuals,
but they are also not well captured by the binary system of gender
(Witelson 1991)—even in spite of pervasive cognitive schemas that
exert pressures toward this pattern. We aren’t blank slates, but we
also aren’t pink and blue notepads.

Brains develop only in interaction; input from the external world, as
well as from one’s own sensory apparatus, is as critical to develop-
ment of the brain as food and water are to the entire organism.

Brains change and develop over the lifetime. Few inputs are irreversible.
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Even the animal experiments on brain organization showed that the
“permanent” effects of early steroid hormone exposures could be
eliminated or even reversed by fairly brief interventions in the physi-
cal and/or social environment.

Gender relations change, and these are demonstrably related to changes
in psychosexual outcomes. For example, structural-level shifts in edu-
cation (removing barriers to admission for women to colleges and
graduate programs, barring gender discrimination in funding, and so
on) have quickly reshaped the landscape in terms of the proportion of
college graduates who are female, as well as the sex composition of
particular programs of study (accounting, law, medicine, biology, and
so forth).

Applying these observations along with the principle of norms of reac-
tion might lead us to focus on the dynamism of development—under-
standing processes more than permanent states, development rather than
“essences.” A long time ago I was asked to analyze a sex survey conducted
by a popular magazine, and the editor was especially interested in compar-
ing the interests and behavior of men and women. There were some fasci-
nating findings that shook up the usual story about women wanting rela-
tionships and men wanting sex, but the editor kept pressing me to look for
things that would confirm the familiar story. When he finally said to me,
“People don’t buy this magazine to learn something, they like to confirm
what they already know”—I knew it was time to withdraw from the proj-
ect. When research starts to look too much like an “infomercial” for cher-
ished beliefs, it is no longer science. Brain organization theory is little more
than an elaboration of long-standing folk tales about antagonistic male
and female essences and how they connect to antagonistic male and female
natures. As a folktale, it’s a pat answer, a curiosity killer. And the data
don’t fit into the tidy male–female brain patterns, anyway (as ideas about
“mosaicism” already acknowledge). Why keep trying to fit the data into a
story about sex?

A wise person once told me, “Life is full of choices that aren’t always
clear. Err on the side of good narrative.” The theory of sexual organization
of the brain is getting in the way of the science of human development.
And it’s also getting in the way of good narrative. What we need now is a
way to cultivate and reinvigorate curiosity about how the body really mat-
ters in the development of human personality and behavior, because curi-
osity and skepticism are the real engines of scientific discovery. What good
is a science that doesn’t tell us anything new?
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Notes

1. Sexual Brains and Body Politics

1. Hausman’s work has been mentioned in many pieces on recent controversies
around women in math, science, and engineering, including a commentary in
the New York Times criticizing the National Academy of Sciences report on
maximizing the potential of women in science and engineering, coverage of
the “parity” debate that followed release of an MIT report on discrimination
against senior women at MIT, and criticism of a Census Bureau report on
wage discrimination (Tierney 2006; Holden 2000; Abel 2001; Smallwood
2001; Ward 2003).

2. Another common feature in the many supportive responses to Summers’s
comments has been a tendency to misstate the circumstances of both the origi-
nal controversial speech and the eventual fallout. Quite a few pundits and sci-
entists have claimed that Summers was skewered for simply mentioning the
possibility of innate sex differences, and that these comments “cost him his
job” (Pinker 2005; Tierney 2006; Baumeister 2007). Summers did not simply
“mention the possibility” of innate differences, though. He skipped an entire
morning of presentations that were devoted to exploring recent empirical re-
search on structural and social factors that exert differential pressures on male
and female faculty members, then delivered a speech in which he proffered the
opinion that the most important factors in sex disparities in science, technol-
ogy, engineering, and mathematics (STEM) careers are probably not social
factors like discrimination or structural factors like a needlessly male-oriented
tenure clock, but sex differences in interests (what he called the “high powered
job hypothesis”) and in abilities.

3. John Colapinto’s book, in particular, details a myriad of ways that the medical



and psychiatric treatment for this child, under the direction of John Money,
was extremely traumatic. Reimer was subjected to repeated physical exams
and relentless questioning about his gender identity and development, and
was made to simulate (through clothed “humping”) sexual intercourse with
his twin brother, in order to supposedly break through his extreme discomfort
with sexuality and help him learn a “female sexual role.” Many aspects of his
treatment—particularly the degree to which he was constantly examined and
interrogated about his gender and sexual preferences—mirror the experiences
of intersex children. A belief that this sort of treatment is traumatic, rather
than the idea that one’s sense of masculinity comes from early sex hormones,
leads me to strongly support the demands of the intersex rights movement for
delay of surgical interventions for children with ambiguous genitalia. But I
believe it is just as important to take a hard look at the effects of nonsurgical
interventions—the constant surveillance of these children’s development—
which, while not physical, may be just as “irreversible” as sex-reassignment
surgeries. I explore these factors at length in Chapter 9. At the same time, it is
important to counter some of the more overblown villainizing of Money, such
as the widespread suggestion that Reimer’s treatment constituted an “experi-
ment” rather than a treatment course that was pursued in good faith, based on
the best available information at the time.

4. While some sexual rights advocates and opponents are strongly committed to
the idea that evidence of “innate” differences in the brains of lesbian, gay,
bisexual, and transgender (LGBT) people would necessitate granting equal
rights, historians have pointed out that “innate” difference has often been
used as grounds for discrimination against the sexually different. Moreover,
scientific findings can’t be the neutral arbiters of political questions, because
scientific questions are always driven, to some extent, by socially and politi-
cally inflected understandings of what portion of any phenomenon is impor-
tant to understand. Biologist Anne Fausto-Sterling (2000) has given an elegant
example of why this is the case in a discussion on research concerning sex dif-
ferences in the corpus callosum (CC), the fibers that connect the left and right
hemispheres of the brain. “If we were to reach social agreement on the politics
of gender in education . . . what we believe about CC structure wouldn’t mat-
ter. We know now, for example, that ‘training with spatial tasks will lead to
improved achievement on spatial tests.’ Let’s further suppose that we could
agree that schools ‘should provide training in spatial ability in order to equal-
ize educational opportunities for boys and girls’” (145). She goes on to de-
scribe the various paths that research on the CC might take in order to refine
interventions to maximize the abilities of both sexes, noting that “feminists
would not object to such studies because the idea of inferiority and immutabil-
ity would have been severed from the assertion of difference, and they could
rest secure in our culture’s commitment to a particular form of equal educa-
tional opportunity” (145).

5. There is a second reason, too, that I have opted for critique. Although I have
learned an immense amount from critical studies of scientific practice, and
think this is indeed where the cutting edge of philosophy of science is being
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forged, I would argue that current science and technology studies tend to fore-
ground scientific practices at the expense of theories. This is possibly because
STS scholars have found that scientists’ theories are altogether too tidy to be
interesting and, as indicators of what “really” goes on in science, aren’t as reli-
able as the evaluation of practices. Or perhaps it is more accurate to say that
in current STS accounts, theory fades behind practices in a way that allows
science its messiness and doesn’t force resolutions or coherence—the “resolu-
tion of scientific conflicts” that was so popular to study a few years ago has
mostly been abandoned for less-settled pastures (compare Nelkin 1992 to Mol
2002). Again, to someone who values scientific methods as an insider of sorts,
theories are important, because they are in a dialectical relationship with sci-
entific practices: it is impossible to maintain that a theory is adequate without
examining the practices and evidence that relate to the theory, and it is impos-
sible to choose methods and specify what constitutes data without knowing
what theory one hopes to test.

6. Of course, people do not generally experience these domains as separate, ei-
ther, and there is evidence that the sex/gender/sexuality division works better
for analyzing some people’s experiences than for analyzing others’ (Valentine
2007). For more on the problematic boundaries, especially between gender
and sexuality, and between gender and sex, see Kessler 1990 and 1998; La-
queur 1992; Butler 1993; Oudshoorn 1994; Fausto-Sterling 2000 and 2005;
and Mak 2004 and 2006.

2. Hormones and Hardwiring

1. This section on early endocrinology and the search for sex differences is based
primarily on three texts: Nelly Oudshoorn’s Beyond the Natural Body: An Ar-
chaeology of Sex Hormones (1994); Anne Fausto-Sterling’s Sexing the Body:
Gender Politics and the Construction of Sexuality (2000), esp. chaps. 6 and 7;
and Chandak Sengoopta, “Glandular Politics: Experimental Biology, Clinical
Medicine, and Homosexual Emancipation in Fin-de-Siècle Central Europe”
(1998).

2. Ernest Starling, professor of physiology at the University of London, coined
this term in 1905 (Oudshoorn 1994; Fausto-Sterling 2000). Fausto-Sterling
explains that the term hormone comes “from the Greek ‘I excite or arouse’”
(150).

3. Bell’s comment has a strong echo in current thinking about hormones and
“sex-typed interests,” which undercuts the current claim that this is a radical
new idea. In Chapter 8 I explore the empirical support for the idea that non-
erotic interests (also called motivations, preferences, and priorities) are shaped
by early hormone exposures. In that chapter, I do not dwell on the strong reso-
nance between nineteenth- and early twentieth-century claims about “internal
secretions” and women’s “natural” priorities or sphere, but the connections
are obvious. I do, however, mention that the kinds of interests that are consid-
ered sex-typed, as well as estimates of the size and direction of some differ-
ences, have undergone substantial and rapid change recently, which itself chal-
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lenges the notion that interests are significantly shaped by hormones. For
example, the idea that men would be naturally more drawn to the adversarial
profession of law has suffered a real blow, as what was an almost universally
male profession has approached gender parity in less than fifty years: in 1960,
2 percent of law degrees in the United States were awarded to women (Smith
1995); by 2002, 50 percent of law school entrants were women; and more
than 30 percent of practicing lawyers in the United States are now women
(Charting Our Progress: The Status of Women in the Profession Today 2006;
see also www.abanet.org/legaled/statistics/stats.html).

4. Because this experiment was prior to the biochemical isolation of the hor-
mones, the effect was achieved with “extracts of the testis” and compared
to “extracts of the uterus.” Oudshoorn explains that this was typical of the
sort of assay that was used for experimental investigation of hormones be-
fore biochemists became involved in endocrine research. Prior to identification
of the chemical structure of hormones, purified extracts were identified as
“male sex hormones” or “female sex hormones” by their potential to induce
changes in particular sex-specific tissues or characteristics, which included
sex-differentiated structures like the comb of a rooster, as well as reproductive
structures (Oudshoorn 1994, esp. chap. 2).

5. Biologists and historians of science generally are in agreement that ideas about
“sex hormones” were closely related to more general ideas about the nature of
the sexes and sex differences that were prominent during the early years of en-
docrinology. In particular, notions of separate spheres appropriate to men and
women were dominant, and perhaps were even more tightly held for being un-
der attack by feminist campaigns such as the drives for suffrage and access
to higher education. As Fausto-Sterling (2000) puts it, “We can understand
the emergence of scientific accounts of sex hormones only if we see the scien-
tific and the social as part of an inextricable system of ideas and practices—si-
multaneously social and scientific” (148). Oudshoorn (1994) draws on a simi-
lar idea in her contention that the “sex hormones” were literally invented,
by which she means not that there are no material substances like estradiol
or testosterone in the body, but that the concept of sex hormones does not
neatly map onto these substances. Instead, the concept of “sex hormones”
was drawn from what she calls “pre-scientific” ideas about male and female
natures and the essences that control them. Empirical evidence about the ac-
tual location and function of the hormones that were early designated as “sex
hormones” has always had to contend with these preexisting ideas.

6. The gonads and the genital tubercle are “bipotential,” meaning that the same
structure can develop into either a male-typical or a female-typical form: the
gonad will later develop into either a testis or an ovary, and the genital tuber-
cle will develop into either a clitoris or a penis. Each embryo also has both a
male duct system (the Wolffian ducts) and a female duct system (the Müllerian
ducts). In typical development, in a given individual one of these systems re-
gresses and the other develops. The Wolffian ducts become glands that sup-
port semen production (the seminal vesicles and the prostate) and the duct sys-
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tem that stores and moves sperm from the testes through to the urethra (for in-
stance, the epidymis and the vas deferens). The Müllerian ducts become the
fallopian tubes, uterus, cervix, and top portion of the vagina.

7. It is also the case that subtle differences within the sex chromosomes can alter
the usual course of development, such as, for example, the very rare cases in
which XX fetuses develop testes rather than ovaries. This results when the
sex-determining sequence of the Y chromosome is transposed to an X chro-
mosome during accidental recombination between the X and Y chromosomes
(Ferguson-Smith and Affara 1988).

8. Jennifer Terry’s superb study An American Obsession: Science, Medicine, and
Homosexuality in Modern Society documents several medical “treatments”
for lesbianism, including abstinence from all sex (the favored approach of
Havelock Ellis), clitoridectomy, and removal of the ovaries (Terry 1999, 80,
104). The last of these might have been understood as indirect hormonal ther-
apy.

9. In the classic paper, Young and his colleagues cite a paper by John and Joan
Hampson that was still in press at the time as support for the claim that the
new brain organization theory would “direct attention to a possible origin of
behavioral differences between the sexes which is ipso facto important for
psychologic and psychiatric theory” (Phoenix et al. 1959, 370).

10. This dialogue is well documented in the two edited volumes, Sex and Internal
Secretions (ed. William C. Young, 1961) and Sex Research: New Develop-
ments (ed. John Money, 1965c).

11. Other passages, from his dissertation and other articles during the same pe-
riod, indicate that Money was struggling to articulate a position that priori-
tized the role of socialization without discounting some contribution of biol-
ogy (Redick 2004).

12. For a taste of Money’s larger-than-life personality and his impact on fellow
sexologists, see the festschrift commemorating his seventieth birthday (Cole-
man 1991).

13. In the Reimer case (Money 1975), it does seem that Money suppressed or ig-
nored pertinent evidence that the gender reassignment was not going well (see
especially the detailed account of the child’s annual visits to Johns Hopkins
Medical Center, and the consultations of his local doctors with Money
through Reimer’s early adolescence, in Colapinto’s As Nature Made Him
(2001). From later publicity by Milton Diamond (1982) and an update by Di-
amond and Sigmundson (1997), it was clear that this child was not adjusting
well by any measure. It will probably never be clear why Money mishandled
this case, as he no doubt did. Nonetheless, this case stands in somewhat sharp
contrast with his overall research trajectory, which included a serious devotion
to the idea that prenatal hormone exposures shape human gender and sexual-
ity in a substantial, though not determining, way. See, for example, his expla-
nation for what he called “gender coding” in Money 1994, p. 190.

14. See the comprehensive bibliography of Money’s works through 1991 (Money
1991).
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15. The two forms, distinguished by the degree of insensitivity, are complete an-
drogen insensitivity syndrome (CAIS) and partial androgen insensitivity syn-
drome (PAIS) (Mazur 2005).

16. In As Nature Made Him: The Boy Who Was Raised as a Girl, John Colapinto
(2001) presents evidence that the gender change actually happened quite a lot
later, with his parents perhaps not fully committing to raise the child as a girl
until the child was 22 months old.

17. The ERA was ratified by twenty-two states during the same year that it was
passed by the U.S. Congress. But Congress had set a time limit on gaining rati-
fication by the necessary thirty-eight states, which expired when the push for
ratification was still three states short (Francis n.d.).

18. Oddly, van den Wijngaard declared that the era of organization theory was
“over by 1980,” but my own research very clearly shows that it was just get-
ting warmed up at that point. I can’t be certain what led van den Wijngaard to
this conclusion, but I believe it might be an artifact of her disciplinary perspec-
tive as a biologist. Indeed, it does seem that fewer and fewer biologists were
interested in organization theory as time went on, but the theory not only has
retained its power with psychologists but continues to recruit scientists from
many other disciplines, as my survey of studies in Chapters 3 and beyond
shows. As the theory was more absorbed into the “background assumptions”
of studies, it became harder to trace. Van den Wijngaard and others may
therefore assume that its day is past, but both my research and my interviews
with scientists confirmed that the theory is stronger than ever at present.

19. Because it is never possible to gather the definitive information on exposures
that makes causal inference in case-control research relatively strong, it may
be somewhat more accurate to call these studies correlational. However, the
important distinction in this context is the fact that investigators attempt to
begin with starkly different groups and then make inferences about what has
made the people in the two groups different. That is the initial structure of
case-control studies. Correlational studies do not require an initial sorting of
subjects, but they can explore the covariation of two or more continuous vari-
ables among subjects who are not seen as qualitatively different. Thus, I be-
lieve the term case-control better reflects the conceptual approach, if not ex-
actly the available data, in these studies.

3. Making Sense of Brain Organization Studies

1. Of course, for this to really work, the various hormone regimens that were
tested would need to involve a restricted range, all within the broad normative
values for the genetic sex of any fetus, so that the rearing and social experi-
ences are similar across groups. If some individuals were given dramatically
“cross-sex” hormone exposures, they would be born intersex, which would
counter the entire point of blinding. Assuming that smaller differences in hor-
mone exposures would result in smaller behavioral effects, there would need
to be particularly big experimental groups.

2. This nucleus, INAH3, is generally smaller in women than in men, and some
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studies have also found INAH3 to be smaller in gay men compared to hetero-
sexual men (LeVay 1991; Byne et al. 2000). Brizendine’s theory would predict
that gay men have lower, more “female-type” libidos than heterosexual men,
but this suggestion would go completely against behavioral evidence. I will
have more to say about INAH3 and sexual orientation in Chapter 7.

3. The only difference in lateralization between males and females that Sommer
and colleagues found is that men are more likely to be left-handed; there were
no sex differences in functional imaging studies that used language tasks, nor
in dichotic listening tasks (meant to reflect the relative accuracy with which
the two sides of the brain process language inputs), nor in a key structure
for language processing, the planum temporale. Although the discrepancy
between handedness the other measures of lateralization is interesting, the
review by Sommer and colleagues found some evidence that greater left-
handedness among men may be a result of greater social pressure on girls and
women to conform to the typical right-handed pattern (2008, 82).

4. This calculation is based on the largest meta-analysis of sex differences in spa-
tial abilities (based on 78 studies), which gives an estimate of .56 for the effect
size of sex on mental rotation ability (Voyer, Voyer, and Bryden 1995). Here
are some examples of how well you could predict the gender of the test taker
for scores in a specific range (assuming that the test has a mean score of 100
and scores are normally distributed): scores of 90–95 would be roughly 56
percent women and 44 percent men, scores of 100–105 would be roughly 48
percent women and 51 percent men, and scores of 140–145 would be roughly
24 percent women and 76 percent men. To get a more stable estimate, this ex-
ample is based on a sample of ten thousand instead of one thousand—with
fewer people, it would be even harder to reliably guess gender.

5. Feminists and critical theorists who are concerned with the real-world impli-
cations of science vis-à-vis various political projects (sexist and racist oppres-
sions, ecological exploitation in the developing world, environmental racism,
and so on) often maintain not only that “objective” is a poor description of
science, but that objectivity is not necessarily a good prescription for science.
Rather than aiming for objectivity, these theorists suggest, we should aim for a
more thorough understanding of and accountability for the social factors that
are always, and inevitably, present in science (Longino 1990; Harding 1998;
Hammonds and Subramaniam 2003). That is, they maintain that it is neces-
sary to become aware of how social and political factors operate in science,
not in order to “purge” the social from science (which can’t be done, in any
case), but in order to create more ethical and humane forms of science. The
problem, as Donna Haraway has so powerfully stated it, is “how to have si-
multaneously an account of radical historical contingency for all knowledge
claims and knowing subjects, a critical practice for recognizing our own ‘semi-
otic technologies’ for making meanings, and a no-nonsense commitment to
faithful accounts of a ‘real’ world” (Haraway 1991, 187).

6. The fact that science is not, and can never be, a simple mirror of the world also
does not imply that science is simply “made up” and is not constrained by ma-
terial phenomena that actually exist—the material world “pushes back” and
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exerts its own effects in science, even if we accept the postmodern premise that
we humans have no hope of a direct access to that world that is unmediated by
our own practices and culturally determined cognitive and linguistic struc-
tures. There is no need to dogmatically insist (against all evidence) that science
really is objective in order to believe in science as a good and worthwhile en-
deavor, and even to believe in science as a particularly useful and trustworthy
way of learning about the world (see, for example, Haraway 1991; Rouse
2004). I (and others) believe that insights developed in philosophy and social
studies of science about scientific practice and the relationship between scien-
tific practice and the “knowable” world are a critical resource for doing excel-
lent science, as well as for appreciating the limits of our knowledge (Barad
2007). For statements of how social and historical studies of science can and
should be a resource for science, see Harding 2006, Conkey 2003, and Fausto-
Sterling 2000 (esp. chap. 1); for a few studies of scientific practice that are es-
pecially good examples of work that can be a resource for both those who
seek to understand science and those who practice it, see Latour and Woolgar
1986, Mol 2002, and Barad 1999.

7. Moreover, while a specific measure may differ from a definition, the question
of which definition is “correct” is not something that can be resolved by
empirical evidence; instead, correct definitions are matters of agreement.
Choosing a definition is generally about finding a way to “slice” the phenom-
ena that occur in the natural world in a way that is useful for various human
purposes, and for that reason the same definitions won’t seem correct for all
purposes. As Michael Maraun has explained it, measurement practice is rule-
based and therefore is “autonomous with respect to empirical phenomena.”
Quoting Wittgenstein, Maraun concurs that “whether a phenomenon is a
symptom of rain, experience teaches; what counts as a criterion of rain is a
matter of agreement, of our determination” (1998, 440). Still, refining mea-
sures is an essential pursuit for scientists, because it is what provides us with
consistency in our investigations—without which our causal inferences are
not valid and none of our observations can be generalized beyond the very
specific circumstances of any particular study.

8. In most of the studies prior to 1980, especially those studies conducted under
John Money and/or Anke Ehrhardt at Johns Hopkins, the situation is further
complicated by the fact that the psychosexual assessments are based on exten-
sive clinical observation and interview with hormone-exposed subjects. The
domains or specific items of interest on which their behavior “might” differ
from nonexposed controls was first extrapolated from these already-directed
observations. Even though, from a clinical perspective of exploring the pat-
terns and range of behavior among people with a particular condition, this is a
potentially very rich research method, it is very poorly suited to an investiga-
tion of the etiology of group differences between exposed and unexposed sub-
jects.

9. Even though mounting is almost universally treated as the quintessential male-
typical sexual behavior, it has been known since before brain organization the-
ory was proposed that mounting is not the exclusive behavioral province of
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males. The fact that normal females mount other animals was one of the rea-
sons William Young’s team repeated Vera Dantchakoff’s experiments to in-
clude control animals (Phoenix et al. 1959). Even more interesting informa-
tion has emerged recently, namely, that in mice (and by implication, possibly
other mammals), mounting is not even sexually dimorphic, meaning that it is
not a behavior that is “organized” for permanent behavioral patterns by early
hormone exposures (Bodo and Rissman 2007). In other words, in at least
some species, mounting behavior depends, not on permanent features of the
brain, but only on adult circulating hormones. Experiments on mice showed
that both normal females and males who were genetically manipulated to be
insensitive to androgen were just as likely as untreated males to show mount-
ing behavior in response to estradiol implantation in adulthood. In fact, on
five of the six indicators of “masculine mating behavior” (time from mount to
pelvic thrusting, number of mounting episodes with pelvic thrusts, number of
“successful” mounting episodes, number of pelvic thrusts per mounting epi-
sode, and total number of pelvic thrusts displayed during testing), scores were
higher in the males with “testicular feminization” than in the wild-type males,
and the latter three of these indicators were higher in wild-type females than in
wild-type males. The only indicator on which wild-type males scored as the
“most masculine” was the latency time between approaching and mounting
(Bodo and Rissman 2007, 2184–85).

10. Historians of sexuality face a number of terminological and conceptual dif-
ficulties because of these shifts. When one wishes to trace “homosexuality,”
for example, one quickly finds that prior to the last third of the nineteenth cen-
tury, there was no term to refer to individuals who erotically preferred people
of their own sex. More surprising, perhaps, is that historical work convinc-
ingly demonstrates that there was not even a common concept that grouped
people by their sexual desires for same-sex or other-sex partners; instead, well
into the end of the nineteenth century, behaviors, rather than people, were
classified (Foucault 1978), and these on the basis of either facilitating repro-
duction (viewed as “natural” sexuality) or not (viewed as “unnatural” and/or
“sinful”) (Katz 1995). Thus, it is not just the categories “homosexual” and
“heterosexual” that are new; also new is the concept of “sexual orientation”
that specifically refers to an enduring, consistent preference for partners of one
sex.

11. The late sociologist of science Dorothy Nelkin often emphasized the value of
examining scientific controversies for understanding some of the interplay be-
tween science and society (for instance, Nelkin 1992). I was working with
Professor Nelkin when I first began investigating research on brain organiza-
tion theory, so I was fascinated by the lack of overt controversy among scien-
tists doing that work, especially because I came from public health research
where the measurement of sexuality-related variables was hotly debated. As
I eventually discovered, the controversies were indeed there, but they were
“buried” by the fact that everyone used the same terms and simply assumed
that they meant by them what others meant. Examining measures is a way to
find this sort of “hidden” disagreement in scientific work. This sort of buried
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or ignored disagreement is akin to what Annemarie Mol (2002) calls “distri-
bution” in her study of atherosclerosis. There, she closely examines different
practices associated with diagnosing, treating, and preventing “atherosclero-
sis,” thereby revealing how the “object of engagement” for these practices,
while going under the common name atherosclerosis, is actually a slightly dif-
ferent entity in each case. For example, in the pathology lab, atherosclerosis is
a thickening of the lumen in the arteries, but in the clinic it is (among other
things) pain in walking. Scientists and laypeople generally assume that these
are different “aspects” or levels of the same unified phenomenon, but Mol
shows that this is not quite the case—a person may have no pain upon walk-
ing and have severe thickening of the lumen, for example. One of the means of
reconciling this kind of discontinuity in the ontology of atherosclerosis (what
it is) is to “distribute” practices to different scientific-medical locations (the
clinic, the surgery room, the pathology lab, and so on).

4. Thirteen Ways of Looking at Brain Organization

1. It’s worth noting that, despite the fact that comparing hormone-exposed sub-
jects to their unaffected relatives is meant to control for family differences in
rearing and other social factors, the exposed and unexposed groups that are
compared are often not from the same set of families. This is because the con-
ditions are rare, and the comparisons for these studies are virtually always
“within-sex” comparisons, meaning that unexposed females are compared
with exposed females, and unexposed males with exposed males. In order to
have more statistical power in the analyses, investigators increasingly “pool”
the unexposed female relatives of both the exposed males and the exposed fe-
males, and compare this pooled group to the exposed females. The same pro-
cedure is followed for pooling the unexposed male relatives. The other, in my
opinion larger, problem with the approach is the initial assumption that using
sibling comparisons is an adequate way to control for social factors, especially
when comparing intersex to non-intersex siblings.

2. Two partial exceptions bear mention. In one study, the authors concluded that
“the postnatal social system outweighed prenatal hormonal influences” for
girls with CAH (Hochberg, Gardos, and Benderly 1987, 498). However, this
observation is fairly tangential to the overall report, the main point of which
was an emphasis on the difficulties encountered by genetic females with CAH
who are assigned and reared as boys (for instance, they are infertile and have
very small penises, which interferes with heterosexual relationships). The
other report, by Herdt and Davidson (1988), concerned genetic males with the
condition 5-alpha reductase deficiency. As I describe below, that report should
be read as a rebuttal of the interpretations of the same syndrome published in
1979 by Julianna Imperato-McGinley and colleagues. Herdt and Davidson
were more concerned with pointing out the many ways in which individuals
with this syndrome were not (as Imperato-McGinley and colleagues had sug-
gested) either reared unambiguously as girls or fully living as men as adults.
While the report should be read as a caution against overreaching with brain
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organization theory, given the ambiguities in the social context, Herdt and
Davidson do not attempt to draw conclusions about the possible organizing
effects of hormones.

3. Herdt and Davidson were an especially unusual interdisciplinary team. Their
work is all the more interesting when one realizes that one of Davidson’s men-
tors was Frank Beach, one of the most important contributors to psychologi-
cal research in the twentieth century, especially noted for his animal studies on
endocrine–behavior links. In her excellent history of mid-twentieth-century
hormone research, Marianne van den Wijngaard (1997) relays that Beach was
one of the most important opponents of brain organization theory in its early
years. Beach suggested that the role of genital sensation and function was too
critical to dismiss, and he felt brain organization theory did dismiss it. With
Beach as one of his mentors, it is not surprising that Davidson went on to
combine his training in neuroendocrinology and behavioral endocrinology
with a focus on social and cross-cultural aspects of sexuality (Morrissette and
Myers 2002). One scientist I interviewed suggested that Herdt and Davidson
were outsiders to a “scientific” approach to sexuality, and indeed, counted
them among people who “don’t even believe that hormones exist” (Dr. J inter-
view, September 16, 1998). This is patently false, of course, but this belief may
be one of the reasons Herdt and Davidson’s research is so infrequently cited in
the neuroendocrine literature, in contrast to Imperato-McGinley’s work.

4. Technically CAH is not one disorder, but a family of autosomal recessive dis-
orders that impair the ability of the adrenal glands to synthesize cortisol, a ste-
roid hormone that is important for a wide range of metabolic activities, tissue
development, and immune function. Most cases of CAH are caused by a de-
ficiency in the 21-hydroxylase enzyme, which causes overproduction of an-
drogen precursors from the adrenals, beginning around the same time as the
bipotential genitals are undergoing sex-differentiation. Overproduction of an-
drogens continues throughout gestation and at least until diagnosis and treat-
ment with corticosteroids. According to White and Speiser (2000), women
with classic CAH continue to produce increased levels of androgens from the
ovaries, even when the CAH is well controlled. An excellent, comprehensive
review of the etiology and clinical features of CAH can be found in White and
Speiser (2000). My summary of clinical features and treatment of CAH is
based also on Therrell et al. 1998, Stikkelbroeck, Hermus, et al. 2003, Grosse
and van Vliet 2007, and the brain organization studies described in this sec-
tion.

5. Dessens and colleagues (2005) identified reports on 283 individual genetic fe-
males with CAH, including 250 reared as female and 33 reared as male. In ad-
dition to the 33 reared as male, 32 of those reared as female were initially as-
signed as male, and later reassigned ((33 + 32) / 283 = 22.9 percent).

6. The mixed predictions for males are interesting, given that they, too, have an-
drogen levels that are significantly above the norm, as reflected by such so-
matic problems as premature maturation (pubic hair and body odor in very
young children, for instance) (White and Speiser 2000). But an increasing
number of studies suggest a nonlinear relationship between androgens and
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various cognitive and personality-related variables, such that the most “male-
typical” patterns might be associated, not with extremely high androgens, but
with levels in the mid-range or low-normal range (Kimura 1999).

7. A recent meta-analysis suggests that there may be, in fact, a modest increase in
spatial abilities among women with CAH, but that small sample sizes have ob-
scured this difference (Puts et al. 2008). The meta-analysis has a number of
problems. First, there are too many different types of spatial tests included in
the analysis; spatial visualization, spatial perception, and mental rotations are
three distinct components of spatial ability that should not be confounded, es-
pecially because earlier studies have shown very different results for CAH ver-
sus unaffected subjects on different kinds of tests (see, for example, table 1 in
Hines, Fane, et al. 2003, 1013). Second, the analysis inexplicably omitted one
large study (Johannsen et al. 2006) that found significant impairment in spa-
tial abilities. Third, they included only a portion of the samples from one
study (Helleday, Bartfai, et al. 1994), in a way that biases the results toward
the brain organization hypothesis. Helleday compared 22 women with CAH
to 22 unaffected women, and women with CAH scored lower on each of six-
teen cognitive tests, including general intelligence and specific subtests (verbal
ability, arithmetic, logic, visuospatial, visuomotor, and field dependence); five
of these sixteen differences were significant. To determine whether women
with CAH have a more “masculine” cognitive profile of superior spatial abili-
ties relative to verbal abilities, Helleday and colleagues created groups that
were matched (within one standard deviation) for general intelligence. Be-
cause of the significantly lower scores of CAH women, they were able to find a
match for only 13 out of the 22 (about 60 percent). Thus, the matched com-
parisons, which were done for the specific purpose of calculating discrepancy
scores between different abilities among subjects of roughly equal overall in-
telligence, actually involved comparing the top-scoring 60 percent of CAH
women with the bottom-scoring 60 percent of the control women. This is fine
for examining discrepancy scores, but it’s not appropriate to include these
skewed groups in a meta-analysis examining spatial ability in women with
CAH compared with unaffected women.

8. Helleday and colleagues (1993) interpret their findings as showing CAH
women to be less “female-typical” in this respect, because they were more
likely to score low on a scale of indirect aggression, on which women typically
score slightly higher than men. However, CAH women were compared to
nonaffected women on an entire aggression-hostility inventory, consisting of
five separate subscales, each of which has five items. The only differences were
found on two items of the “indirect aggression” subscale. Given that this
amounts to two significant differences for 25 comparisons, and given that
one-tailed tests were used, this cannot properly be considered a significant
finding.

9. Scientific debate following the revelation of Reimer’s self-reassignment has
been intense and sometimes acrimonious, and the public attention given to
this case has been enormous. For example, the PBS series NOVA based an epi-
sode on this case. Titled “Sex: Unknown,” the segment aired on October 30,
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2001. Oprah Winfrey also devoted a show to Reimer’s case in February 2000
(www.oprah.com/tows/pastshows/tows_2000/tows_past_20000209_b.jhtml).
An indication of the volume of media attention after the book was first re-
leased can be found in the afterword of Colapinto 2001.

10. See especially the interviews with Roger Gorski and Dick Swaab in the NOVA
documentary “Sex: Unknown” (2001). Also note that the book description
and discussion guide on HarperAcademic.com, the site that currently markets
Colapinto’s biography of Reimer for academic use, implicitly invokes brain
organization theory in describing why the case was initially important: “Dr.
Money had been asserting that an individual’s gender identity is determined
not by the hormones that bath[e] a developing fetus’ brain and nervous sys-
tem, but by socialization. David Reimer’s tragedy presented him with the per-
fect opportunity to prove his theory.” As with so many accounts, beginning
with Colapinto’s own work (1997, 2001), this seriously misstates Money’s po-
sition vis-à-vis brain organization theory: as his many studies cited in this
book demonstrate, Money absolutely believed that hormones play a role in
gender and sexuality, albeit a more subtle one than many other scientists and
laypeople, most notably Milton Diamond (for instance, Diamond 1965, 1974,
and 1998; Diamond and Sigmundson 1997).

11. One of the many problems with coverage of this case is the use of the term ex-
perimentation. In one sense the treatment plan was experimental, in that there
is no earlier recorded case of a child born as a normal, healthy male being re-
assigned to be reared as female for medical reasons. But the treatment course
did not constitute an experiment in the usual sense of the word, where the
term generally refers to a course of action primarily followed to gain infor-
mation. The connotation of “experimenting” on this child distorts the mo-
tive and intentions of the many actors involved in this case, especially John
Money. Although Money seems to have handled this case badly in several re-
spects, the historical record clearly indicates that he was following the course
of treatment that he—as well as most other experts in gender development at
the time—thought was best for the child’s psychological health. See, for exam-
ple, the comments from psychiatrist Richard Green in the NOVA special “Sex:
Unknown,” or as quoted in Money’s New York Times obituary (Carey 2006).

12. Recently clinicians and researchers have begun to pay closer attention to the
functional outcomes of constructed or reconstructed vaginas in intersex indi-
viduals reared female, and the conventional wisdom that good to excellent re-
sults are the norm in these cases has been badly shaken. In fact, the construc-
tion of “functional” vaginas has often focused only on the capacity of a vagina
to “receive a penis” while utterly neglecting sensations, especially pleasure. In
a follow-up study of women with CAH, for example, the questions about the
“success” of vaginal functioning were limited to these: “Is the vaginal opening
adequate for sexual intercourse? Do you have pain or discomfort during inter-
course?” (Mulaikal, Migeon, and Rock 1987, 179). No questions were asked
about pleasure, lubrication, or plasticity, among other aspects of vaginal func-
tion that might be of interest. Researchers have tended to be much more exact-
ing for qualifying a penis as functional (it must have a urethral opening that
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permits urination standing up, it must be capable of erections and ejaculation,
it must be large enough to permit vaginal intercourse). For more on this, see
Kessler 1998 and Karkazis 2008, as well as Chapter 9 of this book.

13. To my knowledge, only one investigator (Slijper 1984) has attempted to ac-
count for the effects of the serious illnesses that affect children with CAH.
Slijper is also unusual for having referred in her research report on CAH girls
to the empirical evidence for differences in parental behavior toward girls ver-
sus boys (417), which is critical for understanding how rearing experiences
differ for children whose sex has been questioned or reannounced following
birth with ambiguous or cross-sex genitalia. As Ruth Bleier (1984) in particu-
lar has pointed out, people whose sex has been seriously doubted by medical
professionals and families have invariably gone through very unusual rearing
experiences. These include parental anxiety over sex reassignment, multiple
genital surgeries, and frequent and intensive interactions with medical and
psychological professionals. Perhaps most importantly, it’s not clear how any
subtle, lingering doubts about whether the child is sexually “normal” might
affect rearing. Brain organization researchers typically have suggested that
the only issue of real interest in this regard is whether parents have been
“consistent” in their expectations and reward of gender-typical behavior (see
Money and Ehrhardt 1972, but compare Ehrhardt and Baker 1974 for a
slightly more complex view). Bernice Hausman’s (2000) analysis of the David
Reimer (John/Joan) case suggests a more dynamic interplay between rearing
experiences and an individual’s developing personality, namely, that rebellion
as well as conformity might result from heavy-handed gender expectations.
This underscores the scientific principle that the only way to be certain that a
variable (like unusual rearing) has not affected an outcome (like gender or sex-
uality patterns) is to either randomly assign the exposure or strictly control for
the variable in analysis, neither of which is possible in these human studies of
brain organization.

14. Though DES does not cause intersex development, it does affect the develop-
ment of genitals and the full reproductive tract in a large subset, possibly a
majority, of people who were prenatally exposed. Common effects include re-
productive tract lesions, as well as smaller vaginal opening and less plasticity
of the vagina (Kaufman et al. 1984; Goldberg and Falcone 1999). In large
doses, comparable to some of the higher dosing regimens given to pregnant
women, it has also been shown to induce brain lesions in laboratory animals.
Thus, using DES as a straightforward indicator of sexual differentiation of the
brain is questionable, because of the broad spectrum of developmental disrup-
tions that the drug can cause.

15. The experiments suggested that in rats there are two different pathways of
brain organization: an androgen pathway and an estrogen pathway. Testoster-
one masculinizes behavior, while estrogen masculinizes and defeminizes be-
havior. But of course, unless aromatization is blocked so that testosterone
can’t be converted to estrogen, testosterone exposures will work through both
pathways. This new model entailed thinking about masculinity and feminin-
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ity as separate sets of traits and behaviors. Traditionally psychologists have
treated masculinity and femininity as opposite poles on the same scale, so that
an increase in masculinity would always result in a decrease in femininity.
In the 1970s psychologist Sandra Bem suggested that being more feminine
doesn’t necessarily mean being less masculine, and vice versa (Bem 1974). In-
stead of being either masculine or feminine, it is possible to be both, or neither.
This same general principle illustrates how McEwen’s and Gorski’s teams
were thinking about sex-related traits and behavior in rats. The distinction
they made between “masculinizing” and “defeminizing” hormone exposures
followed this principle: Masculinization refers to inducing the development of
so-called male-typical traits (in rodents, these are mounting, aggression, and
so on) without necessarily inhibiting so-called female-typical traits (such as
lordosis, cyclic hormone release). Defeminization refers to blocking the devel-
opment of female-typical traits. I take up this “two-dimensional” model of
sexual differentiation in later chapters, as it is important for understanding the
specific predictions of hormone effects for different studies.

16. This study is a good indication of how “hormone folklore” sometimes com-
petes with the actual prediction of brain organization theory when scientists
conceive and interpret their studies. The folk notion of dichotomous, mascu-
line and feminine properties associated directly with androgens and estrogens,
respectively, is particularly apparent in this study. While I have never encoun-
tered this observation in the literature, there was actually no reason in 1973 to
expect that estrogens would have a feminizing effect. The animal data and the
formal theory of brain organization were, at that time, simply about andro-
gens, and the hypothesis was that feminization occurred by default, not by the
action of estrogens. Yalom’s study hypothesis was based on the idea that
estrogens may have an antiandrogenic effect. In other words, the hypothesis
was an extension of brain organization theory based on the long-defunct idea
that androgens and estrogens are antagonistic compounds, which had not
been credible since the 1930s. Yet the study seemed, and continues to seem, a
reasonable test of brain organization theory for the scientists who conceived it
and the many others who have cited it. This is the earliest example, but a
number of other studies that fit neatly with folk thinking about hormones
have been published and subsequently cited as evidence of the organizing
effects of hormones, even though they do not actually fit the theory (for
instance, Ellis and Ames 1987; Rosenstein and Bigler 1987; Lindesay 1987;
Holtzen 1994).

17. There are a few studies that concern other hormones used in the mid-
twentieth century to treat “problem pregnancies,” especially natural and syn-
thetic progestins (for example, Reinisch 1981; Ehrhardt and Money 1967;
Ehrhardt, Grisanti, and Meyer-Bahlburg 1977; Kester 1984), but as a recent
review noted, these studies are quite small and involve a great variety of spe-
cific hormonal compounds, among other methodological problems (Cohen-
Bendahan, van de Beek, and Berenbaum 2005, 361). They are less frequently
mentioned in current reviews of the evidence for brain organization in hu-
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mans, and I have omitted them from this summary for space considerations. I
do review them in Chapter 8, on sex-typed interests, as this is the functional
area where these studies are most often still considered informative.

18. For example, testosterone levels are known to vary greatly between male and
female fetuses. Yet Hines, Golombok, et al. (2002) did not find significant dif-
ferences in testosterone levels from the maternal blood of women carrying
male versus female fetuses, which is one indicator that hormones in maternal
blood may not be a good reflection of fetal hormone exposures. Moreover, it is
commonly understood that testosterone levels fluctuate significantly over the
course of gestation for males, though this might not be the case in females. Yet
in the prominent studies by Simon Baron-Cohen’s group, amniotic testoster-
one correlated with gestational age in females, but not in males (Baron-Cohen,
Lutchmaya, and Knickmeyer 2004).

19. Fixing Sex: Intersex, Medical Authority, and Lived Experience, by medical an-
thropologist Katrina Karkazis (2008), is illuminating on this point. In inter-
views with intersex adults, as well as the parents of intersex children (some of
whom are now adults), Karkazis found that parents of girls with CAH in par-
ticular were routinely counseled to expect behavioral masculinization. Many
parents report that they were told that the girls would probably be tomboys,
but not lesbians. Dismissing this as though it could have no effect on parent–
child interactions is a profound shortcoming of the many studies of this syn-
drome. I address this in Chapter 9, when I turn in detail to issues of context
that are neglected in the studies.

20. While it is conventional in such papers to refer to the results as reflecting “fetal
hormone levels,” note that actual fetal hormone levels have not been mea-
sured in these studies. Accurate language is more cumbersome (“children for
whom amniotic fluid measures of fetal testosterone were higher” compared to
“children with higher fetal testosterone,” and so on), but the simpler language
conveys more precision than these studies entail. I thank an anonymous re-
viewer for raising this point.

21. The investigators argue that testosterone may affect different aspects of
“male-typical” spatial relations differently, such that some (such as block
building) are somehow stimulated by lower testosterone levels in girls, while
others (such as mental rotation speed) are stimulated by higher levels. This
seems to stretch their data much too far, especially given that the latter finding
was apparent only among a subset of the girls. It also doesn’t address the very
interesting point that among this subset of children who use mental rotation,
the usual sex-difference in speed is reversed, with girls performing significantly
faster than boys. All of this hints at a conclusion I will explore at length
in Chapter 10: attempting to understand biological influences on cognition
through the prism of sex differences forces onto the data not just a simplifica-
tion, but ultimately a crippling distortion. It seems quite likely that we must
find better models, perhaps along the lines of the neural “mosaicism” pro-
posed by Sandra Witelson (1991), but again, less shaped by sex than that
model.

22. Udry and colleagues proposed that adult as well as prenatal androgens (testos-
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terone and androstenedione) would predict the gendered behaviors of women,
with prenatal levels “conditioning” the effect of adult levels. In other words,
Udry argues that women with higher prenatal androgen levels are more sensi-
tive to androgens in adulthood, so that the most masculine behavior will be
seen among women who had both high prenatal exposures and higher adult
androgen levels. Using SHBG as the indicator of prenatal androgens, Udry did
find the predicted relationships.

23. Hines also suggests that the effect in girls but not boys may be explained by
the fact that boys have much higher testosterone levels during fetal develop-
ment, so normal variability in girls may be more meaningful, given the back-
drop of relatively lower testosterone levels. In this regard, it is worth noting
the findings of Bolton and colleagues (1989) regarding the relative amounts of
testosterone and SHBG in male versus female infants’ venous cord blood
(which, in contrast to the brain organization studies reported here, is linked to
fetal, rather than maternal, circulation and should therefore be more relevant
for prenatal brain organization). According to Bolton’s research, levels of
SHBG were significantly higher in the sera of males versus females, rendering
the “free” or active testosterone levels of male infants quite low. Bolton and
colleagues suggest that “the effect may be that the male foetus in particular is
protected from the androgenizing effects of circulating T, if the widely held hy-
pothesis is accepted that only the free T in the circulation is biologically active.
It is possible that the androgenizing effects of T are undesirable at this stage of
male development” (205).

24. Within specific domains like aggression or spatial relations, for example, there
are finer-grained distinctions that must be made in order to correctly specify a
pattern of sex difference in that behavior. In spatial relations, the largest and
most consistent differences have to do with mental rotations, which tend to fa-
vor males. Girls, though, tend to excel at object location memory (Voyer,
Voyer, and Bryden 1995; Postma, Izendoorn, and De Haan 1998; Voyer et al.
2007). Likewise, some aspects of aggression (such as indirect aggression) tend
to be higher among females, while physical aggression tends to be higher
among males (Osterman, Bjorkqvist, and Lagerspetz 1998).

25. If you roll a die 3 times, there are 216 ways it can come out (6 × 6 × 6). The
probability of getting at least one 5 is 103/216 = 47.7 percent. My thanks to
Jeanne Stellman for pointing this out.

26. Grouping the findings among these studies as pertaining to “sex-typed inter-
ests” is the most generous way to perceive congruence across the studies, and
this seems warranted. Items in this domain are labeled as “gender role” in the
studies of both Hines, Golombok, et al. (2002) and Udry, Morris, and Kove-
nock (1995), but examining the items in the various studies suggests that an
underlying “interest” domain is a reasonable way to group them.

5. Working Backward from “Distinct” Groups

1. Dörner had introduced the theory behind these studies quite a few years ear-
lier and may have reported the studies before 1975 in German-language publi-
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cations. However, 1975 was the first year a research report on the LH surge in
human subjects was introduced to the English-language literature.

2. In fact, Dörner had discussed homosexuality in rats at least as early as 1968,
when he reported the results of neonatal castration of male rats followed by
“androgen substitution in adulthood” (Dörner and Hinz 1968). His direct ap-
plication of rat findings to questions of human homosexuality is part of the
legacy that he seems to have assumed indirectly from Eugen Steinach. Dörner
traces much of his work to Steinach and is quite proud of the fact that his
teacher Walter Hohlweg worked with Steinach for many years. For more dis-
cussion of the relevance of this connection, see Dörner et al. (1991), Sen-
goopta (2006, 319 n. 282), and the discussion of Dörner’s use of animal mod-
els in Chapters 6 and 7.

3. It’s worth noticing that this is the only place in LeVay’s book that he entertains
the notion of retrospective recall bias. The many other studies that support his
reasoning about the etiology of homosexuality (which he attributes largely to
prenatal hormones) escape without such close scrutiny.

4. This study is one of the reasons Melissa Hines should be considered one of the
most careful and thoughtful researchers doing brain organization studies. She
notes that the relationship between prenatal stress and gender-related behav-
ior is smaller than that between gendered behavior and at least nine other vari-
ables, and expresses skepticism about the ultimate meaning of the prenatal
stress effect. Note that in the quoted passage, she indicates that “prenatal
stress appears to have little, if any, effect on gender role behavior in girls”
(Hines, Johnston, et al. 2002, 126, emphasis added). Too many investigators
cling to even very weak findings, looking only for ways their design may have
underestimated the effect of hormones. Even the fact that Hines included a
wide range of other variables in the study sets her apart from most others,
who typically adopt an approach that severely under-assesses various other
variables (especially, but not only, including social experiences) that may af-
fect sex-typed outcomes. When these factors do not explain the variance in
gender-related behavior, the researchers are tempted to attribute all of the “re-
sidual” influence to prenatal hormones. I explain why this is a problem in
Chapter 9.

5. At least one very influential scientist who continues to believe that prenatal
stress plays a role in sexual orientation seems to miss this discrepancy in tim-
ing. Citing the two studies conducted by Lee Ellis and colleagues, the Dutch
neuroscientist Dick Swaab has written that “maternal stress is thought to lead
to increased occurrence of homosexuality in boys, particularly when the stress
occurs during the first trimester” (Swaab 2004, 308, emphasis added). As
noted above, the initial study by Ellis suggested that the effect of stress was
significant for male sexual orientation only when it occurred during the sec-
ond trimester; first-trimester stress was not significant in his analysis. The lack
of significant effect in the first trimester in that study is particularly striking
given that Ellis used one-tailed tests and extremely generous levels for the p
values to designate findings as “significant” (in some cases mentioning find-
ings as significant at the level of p < .12, one-tailed).
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6. Geschwind and Behan originally suggested an association between abnor-
mally high levels of testosterone and a range of other traits, including dyslexia,
migraine, immune dysfunction, and laterality (Geschwind and Behan 1982).
When Geschwind and Galaburda extended these associations to include male
homosexuality, they used fairly complicated reasoning to suggest a scenario
whereby they would expect associations among all of these factors, even
though homosexuality in men would be caused by low androgens and the oth-
ers would be caused by high androgens (Geschwind and Galaburda 1985b). If
immune dysfunction, handedness, dyslexia, migraine, and other factors devel-
oped during an earlier period (when testosterone levels were high), but sexual
orientation developed during a later period (when testosterone levels had
dropped), then maternal stress during early pregnancy could account for a
correlation between sexual orientation and these other factors. The correla-
tions they predicted, though, haven’t been empirically demonstrated (Beren-
baum and Denburg 1995).

7. Some studies (such as Putz et al. 2004; Rahman 2005) begin to suggest con-
straints, but they are neither sufficiently comprehensive nor precise. For exam-
ple, Putz et al. (2004) design their analysis to reconcile a gap between brain or-
ganization theory and empirical evidence to date. According to the theory,
various sex-typed traits (including sexual orientation, 2D:4D ratios, spatial
abilities, and so on) all differentiate sexually under the influence of early tes-
tosterone exposures; yet the traits don’t correlate as predicted. Putz and col-
leagues suggest that the overall pattern of correlations to date indicates that
2D:4D differentiates at the same time as sexual orientation, but not at the
same time as other traits that have been examined. Yet even if one accepts
their selective review (which is unacceptably slanted, omitting several studies
that offer contrary evidence in gay men), they fail to address the fact that
2D:4D is, according to their review, masculinized in gay men and lesbians,
while sexual orientation is supposedly feminized in gay men but masculinized
in lesbians. How the two traits could differentiate at the same time, under the
influence of the same factor, but in opposite directions, is a serious gap in their
argument (especially because, as noted elsewhere in this chapter, the prenatal
stress hypothesis has not been supported).

8. Lalumiere, Blanchard, and Zucker (2000) take the nice step of acknowledging
that there is a bias toward publishing positive results. There is, though, the ad-
ditional problem that the bias may operate before publication, at the point of
data collection or analysis. One obvious problem is that researchers use non-
comparable sampling frames for the “heterosexual” versus “homosexual”
samples, drawing the former primarily from student and other university-
based samples, and the latter primarily from social events and organizations.
Thus, differences related to the sampling frames (such as being or not being a
university student) may get conflated with being heterosexual vs. homosexual.
The size of the “homosexual” versus “heterosexual” samples in relation to the
populations from which they’re drawn (the homosexual samples constitute
a much smaller fraction of the “eligible” populations from which they’re
drawn) also suggests that the homosexual groups are more selective respond-

Notes to Pages 99–100 p 311



ers; this in turn suggests that left-handers, or “non-consistent-right-handers,”
in the parlance of some researchers, may be more likely to participate.

9. In another small study reported at the 1991 meeting of the International
Academy of Sex Research, Tkachuk and Zucker also reported greater left-
handedness among lesbians, but that result was never published in a peer-
reviewed journal. It has been reported in a number of reviews on the relation-
ship between lateralization and sexual orientation (such as Lalumiere, Blan-
chard, and Zucker 2000). I do not include it here because I am restricting this
analysis to published studies, which have undergone a higher level of method-
ological scrutiny than conference proceedings.

10. Putz et al. (2004) reported a link between sexual orientation and 2D:4D, but
several factors make those findings less than impressive. First, as they note,
they found only two significant findings in the predicted direction out of 57
comparisons in that study, and they did not use any statistical corrections for
multiple comparisons. Second, the comparisons for sexual orientation are
probably among the most unstable in the study, because very few respondents
were classified as not heterosexual (3 of 120 women, and 6 of 119 men; D.
Putz, personal communication, January 11, 2010).

11. Currently there is no evidence in humans that prenatal hormone exposures do
result in the sorts of structural differences that have been observed in other
species, particularly in the rat; therefore this design is particularly dependent
on animal research for its causal claims. It’s also important to remember that
hormone exposures, during development or otherwise, are not the only plausi-
ble cause for structural–functional correlations between the brain and behav-
ior. For example, correlations between brain structure and particular traits or
behaviors could arise by way of a direct genetic influence, without the inter-
vention of hormones. And studies have shown that experience is sometimes
directly responsible for differences in the number or density of cells in a partic-
ular region. Nonetheless, neuroanatomical investigators themselves typically
propose the organizing effect of early hormones as the etiological theory for
the differences they explore. This is corroborated in review articles in neuro-
anatomy, the consistent inclusion of psychoendocrine studies of brain organi-
zation in the background literature for neuroanatomical studies, and com-
ments made by scientists during the interviews.

12. In the interviews, the idea that LeVay “scooped” Allen was raised by LeVay,
Allen, and Allen’s mentor, Roger Gorski. LeVay was almost apologetic about
it, Allen was matter-of-fact, and Gorski was a bit rueful, suggesting that it
might have caused Allen to miss her “big break” scientifically. I raise it here
just because it helps underscore how finding a difference in male versus female
brains, and/or gay versus straight brains, is perceived as a “coup” by the scien-
tists themselves. The findings translate into big publicity, which in turn can in-
crease scientific citations, funding, and prestige. This is just one of the many
reasons scientists work so diligently to find such differences but may be some-
what less creative in thinking about how the differences they do find might be
artifactual rather than real.

13. They also noted the interesting finding that the one female-to-male transsex-
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ual had a neuron number “in the male range,” but because the range of neu-
ron numbers for males and females in the study overlaps, it is not clear what
to make of this.

14. Still, the usual criticism—the fact that the subjects who did not die of AIDS
were simply presumed to be heterosexual because there was no information
on their sexuality—misses its mark. It may be annoying and imprecise to sim-
ply assume that people are heterosexual unless proven otherwise, but bad clas-
sification confined to the “heterosexual” group would actually decrease, not
increase, the chance of finding a difference between the two groups. (This is
because the comparison would then be between “homosexual” men and a
group of men with mixed sexual orientations, so there would have to be a very
large “real” difference between gay and straight men for it to show up in this
messy comparison.) The more serious problem is that both the homosexual
and the heterosexual groups potentially include subjects of uncertain sexual
orientation.

6. Masculine and Feminine Sexuality

1. Historians of sexuality (Cook 2004; D’Emilio and Freedman 1988) have ob-
served that this is a general pattern in how sexual ideals and practices have
changed over the past two centuries, at least in the United States and United
Kingdom. Interestingly, it seems to be true of certain other patterns of change
in gendered behavior, as well. In Chapter 8, for example, I describe how some
gendered aspects of children’s play have shifted in the past few decades, and
note that the changes also generally involve girls taking up toys and games
that were previously considered appropriate only for boys (such as construc-
tion and science toys), without any evidence of boys significantly adopting so-
called girls’ games and toys. See Blakemore and Centers (2005) for some re-
cent empirical evidence on this.

2. The article has been cited 99 times overall, with 21 of these citations occurring
during the years 1999 through 2008, according to a June 20, 2008, search of
the ISI Web of Science database.

3. Of course, this was published in 1968, so most scientists writing at the time
would refer to an abstract “partner” with male pronouns by default. Note,
though, that the rest of the article eliminates any doubt about the intention
of that possessive pronoun “his.” They state, for example, that “ordinary
women report more often dependency on touch and caressing by husband and
boyfriend for such a sexual response” (Ehrhardt, Evers, and Money 1968,
121).

4. The habit of excluding larger-scale data on sexual norms and behavior in the
population has mostly continued in brain organization research. In her later
studies, Ehrhardt has consistently compared a hormone-exposed group to a
group with presumably normal hormone exposures: unaffected siblings or
other relatives, children from the same school or community, or patients from
the same hospitals and clinics whose diagnoses and records suggest that their
hormone exposures were normal. Most other investigators use very similar
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strategies. Money, on the other hand, preferred a strategy of contrasting dif-
ferent clinical syndromes. Money once explained “the clinical research
method, long practised in the Johns Hopkins Psychohormonal Research Unit,
[consists] of matching two different syndromes on the criterion that each is
admirably suited to be the reciprocal of the other as a control, comparison, or
contrast group” (Money and Lewis 1982, 339).

5. This creates a particular problem that I call a “floating norm”—because inves-
tigators generally ignore available data about population norms, they take the
characteristics of any given “unexposed” comparison group as “normal.” Yet
a comparison group isn’t necessarily representative of “normal,” especially
because the comparison groups are often even smaller than the groups of
women with unusual hormone exposures. For example, Kenneth Zucker and
colleagues (1996) studied sexuality in women with CAH and found more
same-sex interest and behavior in the CAH women than in the comparison
group. But the CAH-affected women still have a lower rate of lesbianism than
is found in any current population sample—the control group was somewhat
unusual in that there was no hint of any same-sex eroticism among them.
Likewise, if you map out the findings for various studies to compare percent-
ages of girls in hormone-exposed groups versus control groups who endorse
such items as being a tomboy, having high energy expenditure, preferring
“functional/androgynous” clothing, wanting to get married, and so on, you’ll
see that the “norm” in one sample is often at the same level as the “mas-
culinized” in another sample. Compare, for example, Ehrhardt, Grisanti, and
Meyer-Bahlburg 1977 with Ehrhardt and Money 1967 and Ehrhardt, Epstein,
and Money 1968.

6. The powerful influence of John Money is at least partly responsible for the
uniformity of definitions in these studies. Money was the author or co-author
of eight reports on early hormone exposures and human sexuality (Ehrhardt
and Money 1967; Money, Ehrhardt, and Masica 1968; Ehrhardt, Epstein,
and Money 1968; Ehrhardt, Evers, and Money 1968; Money and Alexander
1969; Masica, Money, and Ehrhardt 1971; Money and Ogunro 1974; Money
and Daléry 1976); four more were authored by younger investigators who had
worked directly with Money: Anke Ehrhardt (Ehrhardt, Grisanti, and Meyer-
Bahlburg 1977; Meyer-Bahlburg, Grisanti, and Ehrhardt 1977) and Richard
Green (Yalom, Green, and Fisk 1973; Kester et al. 1980). It can be difficult
to attribute individual authorship in team-written papers, but certain key
phrases found in these articles were definitely penned by Money (see, for in-
stance, Money 1965b, esp. p. 9).

7. In 1977 June Reinisch published an analysis of the effects of DES versus pro-
gesterone on personality (with no sexuality-related outcomes) and reported
that the progesterone-exposed subjects were “more independent, sensitive, in-
dividualistic, self-assured, and self-sufficient” while the estrogen-exposed sub-
jects were “more group-oriented and group-dependent” (562). This fit with
the pre-aromatization, folk-derived hypothesis that estrogens would be antag-
onistic to or opposite in effect from androgens. Progestogens, on the other
hand, had already been noted to masculinize genitalia and were therefore hy-
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pothesized to masculinize the brain as well. Reinisch didn’t label the groups as
“masculine” or “feminine,” but the implications were quite clear, given her
conclusion that these findings accorded with “the investigations with animals
and extends them solidly into the human realm” as well as the fact that the
personality factors she studied were linked with gendered patterns in school
achievement and success. As will become even clearer in Chapter 8, the rever-
sal of hypotheses and findings in terms of the effects of estrogen on brain dif-
ferentiation has never been properly accounted for, but it is devastating for
any claims that DES has masculinizing or feminizing effects on human be-
havior.

8. Curiously, Kester and colleagues (1980) indicated that they began with the hy-
pothesis that all the different “female hormone” regimens they studied would
be feminizing, signaling that when they began their study, this team was not
yet familiar with the animal data showing that much of the masculinization
and/or defeminization from androgen exposure is accomplished through aro-
matization of androgen to estrogen.

9. Money and Ogunro (1974) do not explicitly use the term conservative to de-
note the feminized or nonmasculinized sexuality of the patients with AIS
described in this report, but conservatism is nonetheless implied. See, for ex-
ample, the discussion on page 194 of the patients’ rejection of prosthetic pe-
nises as “an adjunctive coital aid,” as well as their “negative evaluation” of
oral sex.

10. It is possible, of course, to read echoes of Freud in this assessment. Regardless
of the origin of the idea, the notion that sexuality is fundamentally about pe-
nises—who has them, who doesn’t, where they go, and so on—is a spectacu-
larly consistent theme in sexuality research and theory. Van den Wijngaard
(1997) astutely observed that both critics and proponents of brain organiza-
tion theory were unified in a focus on masculinity and male development: “In
1971, the ideas of Beach and most other researchers accorded with Freud’s
philosophy, which considers the male sexual organ to be the origin of sexual-
ity” (54). I think we may say that a good many researchers, now as well as
then, at least implicitly view sexuality itself as a “masculine” attribute.

11. Kester and colleagues (1980) imply in their narrative (280) and in table XI
(277) that subjects exposed to synthetic progesterone began masturbation
later, and masturbate less often, than the other subjects. However, as noted
above, the statistical approach in this study was unacceptable, so the finding is
not meaningful. In addition to the fact that dozens of independent variables
were included, and the cell sizes of the multiple subject and control groups
were quite small (ranging from 10 to 22), one-tailed statistical tests were used
and the p level was set at .10. This means that even if there had been an appro-
priately limited number of comparisons, there would already be a 20 percent
chance of falsely finding a significant result for any given variable.

12. Though the hypotheses about precocity were usually oblique, one of the most
direct statements of the expectation that “masculine” psychosexual devel-
opment might entail erotic precocity can be read in Money and Ehrhardt’s
(1972) description of androgens and childhood sexuality, in which they inter-
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sperse a discussion about androgenized girls with observations about sexual
play in nonhuman primates. Specifically, Money and Ehrhardt noted that
among juvenile rhesus monkeys, normal males and androgenized females (but
not normal females) “progress” from an ambiguous mounting stance to one
that more closely resembles adult male sexual behavior (100). Immediately af-
ter this description of juvenile rhesus monkeys, Money and Ehrhardt noted
that there was not “a greater degree of verbal curiosity or interest” in sex
among androgenized human girls (101). This was consistent with a general
pattern wherein investigators noted the lack of precocity in otherwise mas-
culinized girls, much as they reported other “limits” to the masculinizing in-
fluence of hormones. Regarding girls with “progestin-induced hermaphro-
ditism,” for instance, Ehrhardt and Money (1967) noted that “the oldest girl
. . . appeared reticent rather than precocious in romance and boyfriends” (98).
Note that they contrasted her reticence with precocity, rather than with nor-
mative developmental timing.

13. For example, in a later report comparing the sexuality of women with two dif-
ferent intersex syndromes, Money’s team underscored the importance of lesbi-
anism by noting, “No case of exclusive lesbianism, transsexualism, or trans-
vestism was reported from either patient group. Although the two groups
differed in sexual and erotic behavior, both were within the range of what in
our culture is accepted as feminine” (Masica, Money, and Ehrhardt 1971,
131).

14. Between 1981 and 2008, about two-thirds of the roughly 300 human studies
that tested a hypothesis related to brain organization included some informa-
tion about subjects’ sexual behaviors or erotic interests. Every one of these in-
cluded information about sexual orientation, but fewer than 20 studies (about
12 percent) included information about other aspects of sexuality, such as
number of partners, arousal patterns, libido, and so on. Even though only a
small proportion of studies after 1980 reported on detailed aspects of sexual
behavior, however, it is important to note that the number of studies including
such variables is nearly as high as during the earliest period of research (1967–
1980). Thus the conflict between the definitions of feminine sexuality used in
earlier and later studies cannot be dismissed as the result of a few anomalous
studies.

15. At the risk of repeating myself, I don’t take a position on which definition is
“correct.” Though the latter definition seems to align better with current,
Western data on the sexual behavior of adult women, the qualifiers I have al-
ready used in this sentence signal that I consider this a contingent alignment.
In other words, I do not think there is good reason to treat the construct “fem-
inine sexuality” as if it were valid transculturally and ahistorically. Further-
more, definitions are matters of convention, not “objective” facts of the natu-
ral world (this is similar to a point I made in the discussion on measurement in
Chapter 3). For both these reasons, I do not attempt to venture a “real” defini-
tion for feminine sexuality. Finally, as I also pointed out in Chapter 3, the
main concern is that scientists’ definitions should relate well to other work in
this research network, not to some gold-standard definition.
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16. Marianne van den Wijngaard has pointed out that the discovery of the role of
aromatization in the masculinization of behavior could have challenged the
very designation of “estrogens” versus “androgens,” but did not. In other
words, as Richard Whalen has noted, “our attribution of a quality of a com-
pound (e.g. defining testosterone as an androgen and not as an estrogen) re-
flects an often unstated conviction about mechanism of action” (quoted in van
den Wijngaard 1997, 43). The obverse, defining estradiol as an estrogen and
not an androgen, perhaps provides an even clearer case, because estradiol is so
critically important for the development of male-typical brain differentiation
in many species.

17. In experiments on rats and mice, which have been the dominant models for
studying sexual differentiation (Wallen 2005), the most common indicator of
male sexual behavior is mounting, but other indicators may include thrust-
ing, intromission, and ejaculation. Female sexual behavior is most often de-
fined simply as lordosis, the arched-back posture that indicates receptivity to
mounting. Some studies also investigate the “appetitive” behaviors, including
ear wiggling, darting, hopping, and other things a female rat does to indicate
sexual interest.

18. In response to the two-pathway model, experiments were designed to discover
which specific behaviors were controlled by the androgen pathway and which
through the estrogen pathway. For example, many earlier experiments had fo-
cused on inducing or preventing masculinization through administering tes-
tosterone to developing females, or castrating developing males during the
critical period of development. A newer design involves identifying the par-
ticular behaviors under control of the estrogen pathway, which researchers
achieve by blocking the metabolic conversion of testosterone through aroma-
tase inhibitors, or through directly implanting or injecting estrogen into the
brain. For example, if a rat is exposed to ample androgen but also to an
aromatase inhibitor during the critical period, it will not display mounting as
an adult. So, in the rat, the development of mounting behavior (an aspect of
masculinization) is under the control of the estrogen pathway. Researchers
may also look separately at “female-typical” behaviors to see whether these
are controlled by the same pathway or not. In some species, behaviors desig-
nated as “male-typical” versus “female-typical” are largely sex-differentiated
under the control of the estrogen pathway, but in primates there is less evi-
dence that aromatization of androgens to estrogens is necessary either to facil-
itate the development of male-typical traits or to suppress the development of
female-typical traits (Wallen 2005).

19. Making a clean break from earlier definitions would have meant a sort of
clearing of the “score” in terms of scientific evidence, and starting over in as-
sessing the hypotheses about hormone effects with newer, more appropriate
measures of human sexuality. Given my sense of the scientific integrity of
Meyer-Bahlburg, Ehrhardt, and their colleagues, I think it is quite possible
that this team would have taken that route, had they appreciated how they
were departing from earlier definitions.

20. As of March 20, 2008, this study had been cited 111 times, according to the
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ISI Web of Science. I have evaluated the context of discussion for more than
three dozen of these citations and have not identified any that note the discrep-
ancy between the study and brain organization theory, either at the time when
the study was done (when there was no hypothesized role for estrogen) or
later (when the hypothesized action of estrogen was, like androgen, to involve
masculinization). Yalom and his colleagues were not alone in expecting femin-
ization from estrogen exposures. Even though the idea of sex antagonism had
been discarded by pioneering endocrinologists as early as the 1920s, van den
Wijngaard (1997) has documented how much the cultural notions of sex-
specificity and sex antagonism inflected work on brain organization theory
through the 1980s, at least.

21. Historians and philosophers of science recently have become quite interested
in this sort of “structured forgetting” or patterned ignorance in science. In a
terrifically interesting article on systematic ignorance about female sexuality,
and even female sexual physiology, Nancy Tuana (2004) coined the phrase the
epistemology of ignorance as a way to approach ignorance as a structure
rather than as a simple lack of information or knowledge. Like Tuana, Robert
Proctor has pointed out that the study of ignorance, what he calls “agno-
tology,” may require different tools than the study of knowledge. Exploring
citation rates for articles with negative findings, as opposed to supportive find-
ings in terms of brain organization theory, is one way to highlight how the
epistemology of ignorance functions as an invisible support to the theory. See
discussions in this chapter, as well as in Chapters 7 and 8, for specific compari-
sons of citation rates along this line.

7. Sexual Orienteering

1. “Homosexuality: Prenatal Environment May Dictate Sexual Orientation,”
Women’s Health Weekly, February 20, 2003, 5, web.lexis-nexis.com.

2. In an earlier analysis that focused exclusively on studies linking prenatal hor-
mone exposures to aspects of adult human sexuality (Young 2000), I identi-
fied all such studies that had been published as original, peer-reviewed re-
search in English-language scientific journals between 1967 and 1995. Of
these 75 studies, roughly 51 percent (38 studies) focused primarily on sexual
orientation. Of that near-total sample of the first three decades of brain orga-
nization research on human sexual orientation, just 13 studies (roughly one-
third) included an explicit definition of sexual orientation, another 12 studies
included an “operational definition” only (meaning that they described the
measure or measures they had used), and the final third of studies (13) in-
cluded no definition of sexual orientation at all. For a full review of the meth-
ods and the earlier analysis of sexual orientation measurement, see Young
2000, chap. 7.

3. Some recent studies don’t choose people with supposedly “extreme” cross-sex
traits, but instead look for correlation (both within-sex and between-sex com-
parisons) between sex-typed psychological traits such as aggression and physi-
ological markers of early hormone exposure such as the 2D:4D digit-length
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ratio (for instance, Benderlioglu and Nelson 2004; Bailey and Hurd 2005).
This new addition to the brain organization theory repertoire doesn’t materi-
ally affect my analysis here.

4. The sexual preference test in Stellflug, Cockett, and Lewis’s 2006 study dif-
fered very slightly from that used by Resko et al. (1996) but was at least as
stringent. Stellflug and colleagues classified rams as male-oriented if they were
exclusively sexually active with rams during “2 types of sexual performance
tests: 1) a series of nine 30-min serving capacity tests in which individual rams
were observed with 3 unrestrained, estrual teaser ewes, and 2) a series of three
30-min sexual partner preference tests in which individual rams were ob-
served with 2 restrained estrual ewes and 2 restrained rams” (464).

5. Bailey has long maintained that sexual orientation is a largely dichotomous
phenomenon, with most people being attracted to either men or women, and
very few people attracted to both. This characterization is generally favored
by scientists who investigate possible biological contributions to sexual orien-
tation, in part because it helps to justify their recruitment techniques for stud-
ies. They often seek “pure” homosexual and heterosexual subjects, which
makes sense if the “usual” nature of the phenomenon of sexual orientation is
a strict dichotomy, but this creates biased samples if the nature of the phenom-
enon is more continuous. Many of these same researchers agree that sexual
orientation is significantly more continuous in women, which is one reason
they do fewer studies with female samples.

6. Note that researchers in social science and public health typically use the term
gender in this formulation, where most brain organization researchers would
use the term sex. But both groups are interested in whether their subjects are
sexually attracted to men, women, or both. Researchers could apply a more
nuanced sense of gender, and explore whether people are attracted to more or
less feminine, or more or less masculine, partners, but very few researchers
take that approach.

7. Note that this group is still not as exclusive as the “perfectly consistent” ho-
mosexuals that many brain organization studies include. That is, if the point
of intersection were based on people with only same-sex partners (instead of
at least one such partner), the shaded area reflecting people whose desire, be-
havior, and identity all perfectly align would be even smaller.

8. In an interview, Dörner indicated that men were recruited for all of his studies
in an eclectic fashion that began with referrals from dermatologists, venerolo-
gists, sexologists, and other clinicians “who treat sexual problems,” but that
this main method was also supplemented with self-referral and the “snow-
ball” process of subjects referring additional subjects. He then personally in-
terviewed the men using a “very, very open” interview that “followed the pro-
cess of Kinsey” in order to identify the sex of actual partners, as well as the sex
of fantasy or ideal partners. He indicated that a major objective of the inter-
views was to ensure that the “homosexual” sample was “pure” and did not
include any bisexuals or transsexuals (Dörner interview, September 1998).

9. For a more detailed discussion of this problem, see Young 2000, esp. 401–
410.
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10. Simon LeVay, one of the few prominent brain organization researchers whose
primary training and experience is in neuroscience, has a more subtle view.
LeVay (1996) correctly credits the early sexologist and champion of homosex-
ual rights Magnus Hirschfeld with originating the notion of masculine and
feminine “sex centers” corresponding to desire for females and males, respec-
tively. But he notes that neural complexity, as well as data from various species
on the involvement of multiple brain areas in various aspects of sexual func-
tion, suggests that “we should be very cautious about equating the medial
preoptic area and the ventromedial nucleus with the neural centers proposed
by Hirschfeld. It is probably safer to suggest that what Hirschfeld proposed as
‘centers’ are actually extended networks, in which the medial preoptic area
and the ventromedial nucleus may be elements” (134).

11. Reite and colleagues (1995), for example, cite studies that show gay men to be
“atypical” on handedness (Lindesay 1987) but fail to note that the atypicality
for that trait is opposite (hypermasculine) to the trait they have investigated (a
measure of cerebral laterality that they found to be more “feminine” in gay
men). Gladue and Bailey (1995b) do not find any of the hypothesized relation-
ships, which may help to explain their sparse discussion. Still, their framework
suggests a simple expectation that “homosexuals” will be more left-handed.

12. A second tension specifically concerns the studies of prenatal stress. As indi-
cated in Chapter 5, the overall evidence does not generally support the hy-
pothesis that either gay men or lesbians are born from pregnancies with higher
than usual levels of maternal stress. Nonetheless, many of the studies investi-
gating a link between handedness and homosexuality rely on the idea that
male homosexuality may be linked with some “hypermasculine traits” if pre-
natal stress has caused testosterone to briefly surge and then drop. Of course,
this suggests several constraints to the theory, which have never been drawn
out in any publication on the topic. First, it suggests that if prenatal stress is
associated with female homosexuality, the “stressed period” (when testoster-
one presumably surges) must be the time when sexual orientation develops, so
the timing would need to be precise. Second, the stressed period for gay males
should be even earlier in gestation, so that by the critical period for develop-
ment of sexual orientation, testosterone would have already dropped below
typical levels. Third, it suggests that in lesbians for whom prenatal stress influ-
enced orientation, traits that are “feminized” in gay men should also mostly
be hyperfeminized in these lesbians; the exception would be traits that devel-
oped earlier than, or concurrent with, sexual orientation. Thus, it suggests a
specific sequence of trait differentiation, which in turn would produce a par-
ticular pattern of gender similarities and differences. As I argue below, the pat-
tern is not borne out.

13. Because the issues are so extensive, a few examples will have to suffice. The
problem in McCormick, Witelson, and Kingstone (1990) is the framing issue
that I described. They missed the point that Geschwind and colleagues use the
prenatal stress scenario to predict that gay men have a lower testosterone level
early in development but a higher level later in development. Thus, they char-
acterize Geschwind and Galaburda as suggesting that high levels of testoster-

Notes to Pages 160–165 p 320



one cause male homosexuality. Because his study involved only male subjects,
it is not clear if Lindesay (1987) appreciated the importance of framing, but
he, too, failed to grasp that Geschwind and colleagues had suggested a testos-
terone surge-then-trough. Lindesay specifically wrote that Geschwind’s hy-
pothesis is at odds with brain organization theory (which it is not; but its con-
nection is elaborate, to say the least). Becker and colleagues (1992), too, cite
Geschwind and Galaburda as if they offer a straightforward hypothesis of
higher testosterone leading to homosexuality.

14. For more detailed discussion of these problems, see Young 2000, chap. 8.
15. Holtzen (1994) implicitly acknowledged the problem by running his analyses

in both the homosexual/heterosexual and the androphile/gynephile frame,
but he did not comment on how one frame versus the other would be required
to connect his theory with other psychoendocrine research. McCormick,
Witelson, and Kingstone (1991) noted the contradictions between Lindesay’s
(1987) interpretation that excess left-handedness among gay men signals hy-
permasculinity, but they incorrectly ascribed this same view to Geschwind
and colleagues. These are examples of two early reports in which investiga-
tors indicated some awareness of internal theoretical tension in studies linking
left-handedness and male homosexuality (specifically, the notion that left-
handedness is caused by excess testosterone, and the traditional brain organi-
zation notion that orientation to men is caused by low testosterone). But this
was as close as any of the studies came to acknowledging the complex framing
problems I’ve identified here.

16. Imperato-McGinley and colleagues (1979, 1991) are exceptional in this re-
gard. Yet, because they also argue a much stronger role for hormones than is
typical of investigators who study intersex people, it fits with their overall ap-
proach.

17. Note that I have indicated that the investigators “adopt” either a continuous
or a categorical approach in their brain organization studies, not that they
necessarily would define sexual orientation in this way if they were asked for
an abstract definition. There are some investigators whose writings have left
no question that they believe sexual orientation to be a categorical matter (for
example, LeVay 1996; Wilson and Rahman 2005; Bailey 2003), and others
who seem to believe it is a matter of degree (for example, Ehrhardt et al. 1985;
Meyer-Bahlburg et al. 2008), but the issue at hand is the nature of the mea-
sures they adopt and the analytic strategies they use to interpret these mea-
sures.

18. In some studies, the way investigators divide and refer to the groups may ap-
pear to support a notion of sexual orientation as continuous, but on closer in-
spection this is often simply a matter of choosing a lower cutpoint for the
“nonheterosexual” group. For example, van Anders and Hampson (2005) di-
vided their subjects into groups that were either “heterosexual (HS)” (scoring
0 or 1 on Kinsey scales for behavior and fantasy) or “not strictly heterosexual
(NHS)” (scoring 2 or more on either behavior or fantasy). Laudably, these in-
vestigators avoid the common problem of calling their “not strictly heterosex-
ual” group “homosexual.” But they do not give the sort of information that
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would allow us to conclude that their measure reflects a background assump-
tion of sexual orientation as continuous, such as providing a frequency distri-
bution of subjects’ sexual orientation scores, nor do they conduct their analy-
ses with sexual orientation as a continuous variable. However, because they
have set the cutpoint for the NHS group so low (just a Kinsey 2 score on either
fantasy or behavior), one might argue that they have not sought to create the
most starkly contrasting groups possible. It would be useful to know how they
settled on those cutpoints: Do they believe that Kinsey scores of 0–1 versus 2
or more actually correspond to meaningfully different groups? Did this divi-
sion seem to make sense from the frequency distribution of their respondents’
scores? Or—and this would be the most problematic reason—was this divi-
sion the one that yielded a significant difference between groups on the depen-
dent variable of spatial relations? Without more information in the methods
section, we can’t eliminate this last possibility.

19. “In an earlier study of the responses provided, we found that a substantial mi-
nority of offspring provided apparently erroneous responses regarding their
sexual orientation, based on contrary answers given elsewhere in the question-
naire regarding their being attracted to members of the same sex or fantasizing
about sexually interacting with the same sex. Consequently, for the present
study, these subjects were excluded from the present analysis” (Ellis and Cole-
Harding 2001, 217).

20. The study by Kraemer and colleagues (2006) is interesting in this regard. This
is one of the very few studies of a nonclinical sample of adults that uses a con-
tinuous measure of sexual orientation in the search for evidence of a correla-
tion between sexual orientation and other indicators of neurohormonal sexual
differentiation of the brain. In women, they found a very small but significant
correlation between the finger-length ratio (2D:4D) and the continuous mea-
sure of sexual orientation, and the direction of the correlation was consistent
with the usual brain organization prediction (a more female-directed sexual
orientation was associated with a more “masculine” 2D:4D ratio). Interest-
ingly, though, they found no such effects in men. Although they do believe the
effects indicate the influence of early testosterone on sexual orientation in
women, they interpret their evidence as inconsistent with the “predominant
suggestion of fixed organizational effects of androgens in the brain and a cate-
gorical sexual orientation” in women (210; emphasis added).

21. Lisa Diamond’s book Sexual Fluidity (2008) provides a lovely qualitative ex-
ploration of the complexity and changeability of sexual desire in women. On a
related note, recent limited evidence suggests that both heterosexual and les-
bian women show similar physiological responses to erotic material. That is,
genital arousal can be detected in women who are exposed to erotic images re-
gardless of whether the image “matches” their preferred sexual partners—in
fact, even images of nonhuman primates having sex stimulated genital arousal
in a small group of women, but not men, who were tested (Chivers and Bailey
2005). On the one hand, this study raises interpretive problems similar to
those I mentioned regarding this team’s other study examining the relation be-
tween physiological response and sexual orientation (Rieger, Chivers, and

Notes to Pages 170–172 p 322



Bailey 2005). On the other hand, it echoes some “real world” data on the
independence of various aspects of sexual orientation in women, suggesting
that constructing “pure” homosexual or heterosexual groups for studies just
doesn’t make sense.

22. I’ve opted to omit analyses of “fluctuating asymmetry” from this review be-
cause these studies have so consistently yielded negative results (for example,
Rahman and Wilson 2003).

23. Of course, it is likely that additional studies that fail to find differences have
been conducted but not published, given the publication bias toward studies
that find difference. Gladue and Bailey (1995), for example, cited a study by
Tkachuck and Zucker that was presented as a poster at the 1991 meeting of
the International Academy of Sex Research. That study, which apparently
found no differences in spatial abilities between sexual orientation groups,
was never published.

24. The two largest studies do report that gay men score in a feminine direction
relative to straight men on some cognitive traits. These include Collaer,
Riemers, and Manning’s (2007) analysis of the massive BBC Internet sur-
vey, with more than 11,000 gay men, and Qazi Rahman’s multipublication
study of a broad range of psychological outcomes (e.g., Rahman and Wilson
2003; Rahman, Abrahams, and Wilson 2003; Rahman, Wilson, and Abra-
hams 2003, 2004; Rahman, Andersson, and Govier 2005), which included
data on 60 gay men. The next three largest studies, though, do not find any as-
sociation between sexual orientation and cognitive abilities (Cohen 2002;
Gladue and Bailey 1995; Tuttle and Pillard 1991). Although small samples do
limit the ability to find group differences, it is important to remember that
sampling biases might well inflate the probability of finding differences, possi-
bly accounting for many of the gay versus straight differences in cognition that
have been reported. Most studies use different sampling strategies for gay
versus heterosexual subjects, with the gay samples typically being recruited
from community-based political or social organizations and events, while the
heterosexual samples are overwhelmingly drawn from university students and
staff. Sampling bias cannot even be ruled out in the BBC Internet survey.
Logically, Internet-based activity may follow social network patterns, such
that people with certain common interests or characteristics might be over-
represented if they are more likely to participate, and to pass the Internet link
to their personal contacts more readily, than others who are potential research
subjects. For example, sexual minorities (gay men, lesbians, bisexuals, and
transgender people) may have a greater interest in studies that investigate sex-
ual orientation, and sexual minorities who endorse biological causation theo-
ries may be especially likely to participate in studies that investigate factors
that are popularly associated with sexual orientation via such theories (such as
handedness, the 2D:4D ratio, and childhood gender nonconformity). The pos-
sibility that differential social network participation influenced the composi-
tion of the BBC Internet survey is hinted at by the extremely different propor-
tions of heterosexual versus bisexual or lesbian women who completed the
survey in various regions around the globe (Lippa 2008, 181).
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25. Iris Sommer, the Dutch neuroscientist who recently completed multiple meta-
analyses that debunked the usual presumption of greater lateralization among
men for language tasks, has offered an intriguing observation about the sex
difference in handedness that might be relevant. Sommer notes that several
lines of evidence suggest that “social influences may be a better candidate”
than early testosterone exposures to explain the sex difference in handedness:
more women report having been forced to switch handedness from left to
right; among right-handers, more females than males use the left hand for
some tasks; and the size of the sex difference in handedness is generally larger
in non-Western countries, which Sommer and colleagues take as suggesting
“more sex-specific social pressure in non-Western cultures” (Sommer et al.
2008, 82).

26. On the face of it, Martin and Nguyen’s (2004) analysis of anthropometric esti-
mates of bone size seems to support the idea that lesbians and gay men have
“cross-sex” hormone exposures in early development. There are two major
reasons to be cautious about accepting their analysis, however. The most im-
portant reason is related to sampling. Due to recruitment of participants at
sites with highly unbalanced gay/straight populations (gay pride parades, gay
bars vs. Brigham Young student union, churches, and so on), and the fact that
measurements were taken at the recruitment site, it is not accurate to conclude
that the body measurements were done blindly. Though the researchers indi-
cated that they made attempts to avoid recruitment bias by approaching ev-
eryone who was in the recruitment area, my own field research experience
suggests that this is a very difficult criterion to discharge: given the density of
population at sites such as street corners, bars, and gay pride parades, it is vir-
tually impossible to approach everyone in a delineated vicinity. It is sometimes
a better procedure to use systematic selection (for instance, every fourth per-
son who enters an area from the point where a recruiter is available). People
were recruited at the various sites by researchers who knew the hypothesis,
and either knew or could guess with high accuracy the sexual orientation of a
given subject. Thus it is possible that recruitment was not unbiased. The sec-
ond reason is that the only true probability sample that offers information on
anthropometry and sexual orientation (Bogaert and Friesen 2002) does not
find any such differences.

27. See the note in Chapter 5 regarding my decision to omit another study, Putz et
al. 2004, from this analysis.

28. Digit ratios might not be a good candidate for signaling early hormone expo-
sures, in any case. Although the 2D:4D ratio is sometimes reported as mas-
culinized in genetic females with CAH, the balance of evidence seems to tilt
away from this interpretation (Brown et al. 2002 and Okten, Kalyoncu, and
Yaris 2002 did report such masculinization, but the much larger study re-
ported in Buck et al. 2003 did not). The ratio is highly variable across different
ethnic groups, as is the degree of sex difference (Manning et al. 2004). More-
over, as Martin and Nguyen (2004) observe, “the anatomical development of
the hand is complex, dynamic and continues throughout life. Unlike other
long bones, the distal phalanges may continue to grow in adulthood, whereas
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the metacarpals appear to uniformly decrease in length as one ages, and these
changes appear to occur more in males than females. . . . Hand use, that is,
load stress, may play a larger role in phalangeal length than is commonly as-
sumed. Clearly the type of work performed by male and female homosexuals
and heterosexuals may not be the same, and future studies should be designed
to control for this variable” (36). This line of reasoning even offers a potential
(if highly speculative) explanation for the conflicting 2D:4D evidence. Recall
that studies in the United States found gay men to have more masculine digit
ratios, while studies of European men found the opposite. There has been a
major emphasis on body building and masculine physique among American
gay men over the past couple of decades, and body building might be an im-
portant activity that would influence growth of the phalanges (finger bones). If
body building were less central to gay culture and aesthetics among European
gay men during this time (or if it took different precise forms, or entered the
subculture later), then the observed 2D:4D ratios could represent “real” ho-
mosexual versus heterosexual differences (that is, not due to sampling biases)
that arise from local “biocultures” in adulthood, rather than from prenatal in-
fluences.

29. Following are some of the numerous statistical problems with this study:
Dittmann and colleagues (1990, “Congenital Adrenal Hyperplasia I”)

include in a table of significant results any single finding that reaches even
p < .20—and this with one-tailed tests, and twelve or more comparisons on
each item: sisters versus patients, simple virilizers versus salt wasters, simple
virilizers versus sisters, salt wasters versus sisters. Each of these four groups is
compared for three different age groups of decreasing size (> 11; > 16; > 21);
plus for some items, the responses are divided in different ways, and both
analyses are reported. The chance for type II error (failing to reject the null hy-
pothesis of no difference between groups) is therefore staggering. With a 2-
tailed test and a p level set at .05, there is a 5 percent chance of type II error for
each comparison. If the p level is set at .20 to begin with, this increases that
chance to 20 percent, and using a one-tailed test doubles that to 40 percent.
Doing multiple comparisons on the same item correspondingly multiplies that
chance by the number of comparisons. Cutting the data this many ways, they
literally cannot fail to find differences. Given that there are only 14 sisters in
the entire comparison group, 12 women with SW, 20 with SV, and 34 patients
total, the entire exercise becomes absurd.

In addition to the fact that some item responses were dichotomized in multi-
ple ways, and reported separately, there is an additional problem with the way
they have grouped responses (for instance, sometimes they compare responses
of “yes” to “no + not applicable”; sometimes they also add “unsure” to “no”
and “not applicable”). But responses of “not applicable” and “unsure/don’t
know” should generally never be added to a substantive response, at least not
without a clearly explained rationale for doing so.

There are 43 separate topic areas listed (see appendix 1, p. 166), which in-
clude an unspecified number of individual items. It appears that every single
item was subjected to four or more comparisons of the sort mentioned above.
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Of the 47 supposedly separate single items that showed some statistical sig-
nificance, only 17 are independent. Ten items are subject to the kind of “multi-
ple cuts” at dichotomization described in item 2, above, so 20 of the 47 results
actually represent just 10 items. Another problem is that two clusters of four
items each are nonindependent, because the items are specific versus more
global versions of the same question (such as “romantic or erotic fantasies in-
volving a partner” and “romantic or erotic fantasies, all kinds”); another 3
sets of two items each are nonindependent because they involve comparisons
of the entire subject group vs. sisters in one case, and a specific age range (>
13 years) vs. sisters in the second case. Again, nonindependent items should be
treated as multiple comparisons, so this further exacerbates the problem listed
in item 1, above.

In spite of these problems, the study has been influential. As of July 2, 2008,
this study was cited at least 95 times in other journal articles, according to the
ISI Web of Science.

8. Sex-Typed Interests

1. A difficulty in characterizing Baron-Cohen’s work is the fuzziness of the con-
ceptual category “systems.” In measurement terms, the idea that systems com-
prise “phenomena that are . . . lawful, finite, and deterministic” does not act
as a sensitive and specific guide to the sorts of interests that he classifies, in
practice, as masculine. Does the law comprise a “lawful” system? If so, what
do we make of the rapid change in this field from one where men dominated
for centuries, to one where there is now slight female dominance in new prac-
titioners? Accounting provides another example. Surely accountants deal with
“systems” that are “lawful, finite, and deterministic.” But Wootton and Kem-
merer (2000) document that “the gender composition of the accounting pro-
fession changed from 10% female in 1930 to 53% female by 1990.” Differ-
ences in the extent to which “systemizing” characterizes specific sciences have
been used to explain the fact that biology is an increasingly female-dominated
science but physics is not. This relies on an old-fashioned, Newtonian view of
physics, though. Physicist Karen Barad’s recent book Meeting the Universe
Halfway: Quantum Physics and the Entanglement of Matter and Meaning
(2007) offers an elegant rebuke to this characterization. Reflecting deeply on
the phenomenon of diffraction and Niels Bohr’s principle of complementarity,
Barad introduces readers to the irreducibly context-dependent nature of phe-
nomena.

2. Scientists have justified this characterization with reference to observations
and experiments with nonhuman animals, studies that have themselves been
shaped by midcentury ideas about female domesticity and masculine industri-
ousness (see van den Wijngaard 1997 for an excellent extended critique). Van
den Wijngaard and other scientists have also pointed out that the species gen-
erally selected for examples fit the expectations for finding maternal/domestic
females and adventurous/aggressive males (Young and Balaban 2003; Parish
and de Waal 2000).
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3. The theoretical model has always suggested that interest in one’s own appear-
ance is a “feminine” trait. But this is a terrific example of a sort of “sex-typed
interest” that is extremely time- and culture-bound, and it has not even been
well explored among North American populations. Occasionally investigators
will offer suggestive data to counter the characterization. Ehrhardt and Baker
(1974) observed, for example, that roughly half of both CAH-affected and un-
affected boys reported moderate or strong interest in clothing and appearance,
leading the researchers to conclude that “interest in appearance per se is thus
not specifically feminine but also a noticeable part of boys’ behavior in child-
hood and adolescence” (45).

4. In fact, hormone exposures are not “female-typical” in genetic males with an-
drogen insensitivity syndrome, because the testes secrete normal amounts of
androgens from fetal life onward. But because target tissues are insensitive to
androgen, due to the receptor dysfunction, the functional exposure to hor-
mones is presumed to be at the extreme opposite end of the spectrum from
male-typical, with little response to androgens (in the case of partial androgen
insensitivity, or PAIS) or no response to androgens (in the case of complete an-
drogen insensitivity, or CAIS).

5. The primary difference between the more specific “activities and interests”
scales (like the PSAI or the CGPQ) and gender scales (like the RCGQ) is that
gender scales typically also include items more closely related to gender iden-
tity than to gender-related interests. An example of such items would be ask-
ing whether an adult recalls having “felt masculine versus feminine” or their
“frequency of feeling good about being a girl (or a boy)” as a child (Meyer-
Bahlburg, Sandberg, Dolezal, and Yager 1994; Meyer-Bahlburg, Sandberg,
Yager, et al. 1994; Meyer-Bahlburg et al. 2006).

6. Note, though, that I could not identify any brain organization studies that spe-
cifically employed the BSRI to comment on aggression. This might be because,
compared to other measures, the BSRI is used more consistently as a compos-
ite scale only, without individual item analyses.

7. In an interview, Dr. Berenbaum (June 2, 2008) suggested that the aggression
scale of the MPQ is not as reliable a measure as the Reinisch aggression inven-
tory. Still, she agreed that the findings regarding aggression in CAH were
weak, at best.

8. This again brings to mind recent studies in agnotology, or “epistemology of ig-
norance,” concerning how knowledge is lost, ignored, or forgotten (Tuana
2004; Proctor 2008). I do not have the space to devote detailed attention to
this matter here, but my analyses throughout this book have revealed an un-
mistakable pattern: data that don’t support the theory are far more likely to be
lost than data that do support it (or seem to). See, in particular, how smaller
and methodologically weaker studies that seem to support brain organization
theory are routinely cited much more often than studies that fail to support
the theory. (For just two examples, compare Yalom, Green, and Fisk 1973 and
Ehrhardt et al. 1985, on the one hand, with Titus-Ernstoff et al. 2003 on the
other; and Meyer-Bahlburg and Ehrhardt 1982 and Reinisch 1981, on the one
hand, with Jaffe et al. 1989, on the other).
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9. I have tried to include all studies that meet three criteria: the findings were re-
ported in a peer-reviewed journal (prior to January 2008); group comparisons
involved statistical analyses (so case reports and studies doing simple numeri-
cal comparisons are not included); and at least one of the dependent variables
involves sex-typed but non-erotic interests. Note that each study may have re-
sulted in either a single publication (to date) or several publications, and that I
list only those specific publications that report findings related to sex-typed in-
terests, excluding eroticism.

10. It’s worth noting that “interests” as they are measured might capture both
perceptual differences and motivation in early childhood. In older children
and adults, motivation may, in turn, be affected by both habituation and
skills, meaning that individuals may find greater reward in activities in which
they excel, and so direct even more of their interests toward such activities.

11. There are a few other thing to take into account when evaluating this model. It
is extremely cheap and easy to investigate 2D:4D on large numbers of people
in a variety of settings, which at least partly explains the rush of recent inter-
est. That also should cause us to wonder about how many other investigations
have ended up in the file drawer because they found no link between digit ra-
tio and sex-typed traits. A recent comprehensive analysis of publication pat-
terns also found that a large proportion of 2D:4D research is conducted by a
single team (John Manning and colleagues), and that positive studies appear
more likely to be published and cited (Voracek and Loibl 2009). They also
noted that most of the research is done by psychologists, and that so far the re-
search has circulated primarily among scientists with an interest in this work.
Thus, much of the research hasn’t yet been subjected to broad evaluation by
scientists in the fields of anatomy, physiology, and biology.

12. I made an attempt to clarify some of the inconsistencies, but as Dr. Udry no
longer had access to the data files and his data analyst had retired, he was un-
able to clear up the confusion (Udry, personal communication, January 14,
2008). Note that, while Cohen-Bendahan, van de Beek, and Berenbaum
(2005) detail inconsistencies between Udry’s two reports, their review mis-
states his actual findings; for instance, he did not, as they report, find any sig-
nificant correlation between testosterone in maternal blood and the “gendered
behavior” of adult offspring (see, for example, Udry, Morris, and Kovenock
1995, 364).

13. It’s worth noting two other things. Although the correlation could not be ex-
plained by any of five “background” factors that were analyzed (mother’s ed-
ucation, having older brothers at home, having older sisters at home, the
mother having a male partner living in the home, or parental adherence to tra-
ditional sex roles), there is ample room for the influence of other background
factors that were not measured (such as whether or not the mother was em-
ployed, or the status of her occupation). Also, Hines’s study was large (342
male and 337 female children) and involved an oversampling of children at
the extreme ends of masculine and feminine behavior, to increase the study’s
power to detect small effects (and to avoid the extreme expense of conducting
bioassays on blood samples from nearly 14,000 women). This is a smart sam-
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pling plan for maximizing the chance of unearthing any correlation between
variables. It does mean, however, that very small effects, without much real-
world meaning, can show up as statistically significant.

14. Although both of the latter studies were based on relatively small samples (60
and 53 children, respectively, including males and females), it seems unlikely
that larger samples would have revealed a relationship between prenatal tes-
tosterone and play patterns. Knickmeyer, Wheelwright, and colleagues
(2005), for example, noted that “the extremely low ß and r values found in the
current study suggest that even in a larger sample, no stronger relationship be-
tween [fetal] T and play would have been observed” (522). Both studies used
modified versions of the Bates and Bentler (1973) inventory of child play be-
haviors, and both found significant differences in play between boys and girls
in the groups tested, as well as a large effect size for sex. Grimshaw and col-
leagues suggested that the lack of correlation may reflect a weakness in their
measure of sex-typed play, but the potential weakness they perceived related
to their interest in play experiences, rather than interests per se. Given that
they selected nineteen activities that required object manipulation, and asked
parents to rate their child’s level of preference for such activities, their measure
seems especially well suited to the question of androgen effects on sex-typed
interests.

15. Psychologists Cordelia Fine and Giordana Grossi point out that it is fre-
quently impossible to specify on the basis of any clear, a priori criterion
whether specific skills are examples of systemizing or empathizing. This gives
Baron-Cohen and colleagues too much leeway to drop evidence that doesn’t
fit their theory (Fine, personal communication, June 3, 2010).

16. Baron-Cohen’s study is a longitudinal analysis of sex-typed traits among chil-
dren whose mothers underwent amniocentesis Therefore they can never re-
cruit more subjects, and specific reports are based on the participation of
subsets of children whose parents respond to requests for particular infor-
mation or task participation. Thus, the analyses are necessarily based on fairly
small samples, which in turn results in low statistical power. The team deals
with this in a variety of ways, which may simply reflect the fact that various
analyses are “spearheaded” by different members of this team, often as doc-
toral research projects. Still, a shift in theoretical or statistical approach is im-
portant because it can have a dramatic effect on the shape of results, especially
with a small sample; it’s important to be consistent with these methodological
decisions, in order to avoid accidentally choosing the analysis that yields
“more congenial” results. But the team is frequently inconsistent in ways that
could affect their results. Consider how they treated statistical outliers in two
different studies published in the same year, with the same lead author. In the
study on gender-typed play, Knickmeyer, Wheelwright, et al. (2005) drop an
outlier, a girl whose testosterone (T) is two standard deviations above the
mean, based on the fact that there is not supposed to be a change in fetal T
among girls during this same period. Nonetheless, once she is dropped, there
is still a near-significant relationship between gestational age and T among
girls (p = .07), but not among boys (p = .33), even though T supposedly does
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change for boys during this same period. (As an aside, this is a signal that there
is at play either measurement error or a problem with current knowledge
about the biological process that they are trying to study.) In the study on so-
cial relationships and restricted interests (Knickmeyer, Baron-Cohen et al.
2005), they followed a different strategy. Here, they did not drop the two girls
with the highest fetal T from further analyses, even though the linear relation-
ship between gestational age and T among girls (a relationship that they ques-
tioned before) was no longer significant when they were excluded. They ex-
plained, “We did not exclude these girls from further analysis because they
were within 3 standard deviations of the mean score for fT and gestational age
and we wished to keep the sample size as large as possible” (202, emphasis
added). There is no clear reason for them to apply different standards in the
two studies.

Another contrast, again between two different analyses published in the
same year with the same author, concerns the way they model the relationship
between estradiol and testosterone. In an analysis of fetal testosterone and
vocabulary size, Lutchmaya and colleagues (2001) wrote that “oestradiol . . .
is known to have masculinising as well as feminizing effects on develop-
ment”(420), which was in keeping with their finding that estradiol was in-
versely related to the (female-favoring) trait of vocabulary size. (Estradiol
was, in fact, the strongest predictor of vocabulary size at the first time point,
though the authors never pointed this out, perhaps because their overall re-
search model focuses on testosterone.) Contrast this with the way they de-
scribe estradiol in a study of testosterone and eye contact: “Oestradiol in the
amniotic fluid . . . has feminising effects on development, so could be consid-
ered as an opposing influence to testosterone” (Lutchmaya, Baron-Cohen, and
Raggatt 2002, 329). In this analysis, estradiol was not related to eye contact.
Given that estradiol supposedly worked in tandem with T on one trait they
studied, it is unwarranted that they should simply hypothesize that it would be
“an opposing influence” to T on another trait. And it is troubling that they do
not point out the discrepancy between the two studies in terms of the findings
regarding estradiol.

A third example, from the same pair of studies, is that this team used a qua-
dratic equation for the model of eye contact, but not vocabulary size, though
they suggested that there is probably a nonlinear relationship between T and
both of these sex-typed traits. It seems that the eye contact data were collected
first (at 12 months), but reported later than the vocabulary analysis (the data
for which were collected at 18 and 24 months). In the eye contact study, they
entered the quadratic T term along with the predictor variables based on
Grimshaw, Bryden, and Finegan 1995 (Lutchmaya, Baron-Cohen, and Rag-
gatt 2002, 331), but in the vocabulary study they never did include the qua-
dratic T term, even though they had suggested that there would probably be a
nonlinear relationship between T and vocabulary size (see esp. p. 421). This
leaves the unfortunate impression that they may have chosen the model for the
different analyses based not on their theories, but on the results that the spe-
cific method yielded.
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17. The group includes progesterone (also called “natural progestogen”) and syn-
thetic progestins, which in turn include the “true” progestins such as med-
roxyprogesterone acetate (MPA), and more “androgenic progestins” such as
those derived from testosterone (it may come as a surprise that this latter
group is the sort of progestin used in most oral contraceptives) (Darney 1995).
Progesterone and the true progestins can act as “antiandrogens” (for example,
MPA is sometimes used with estrogen to feminize physical characteristics like
facial hair in male-to-female transsexuals). But most of the synthetic pro-
gestogens are significantly androgenic, meaning that they promote the devel-
opment or maintenance of male-typical characteristics (like facial hair growth,
or deepening of the voice).

18. A note on the progestin-exposure studies that are and are not included in this
section is in order. A small study of genetic females who were born with
masculinized genitalia after prenatal exposure to various progestins (Ehrhardt
and Money 1967) is not included because they used no control group. Katha-
rina Dalton and colleagues presented several other reports of sex-typed inter-
ests among progestin-exposed people at conferences in the 1970s, but these
are not included in this review because they were never published.

19. Citation counts in this section are based on a search of the ISI Web of Science
on June 10, 2008. Note that the main focus of each article citing Jaffe et al.
(1989) was the safety and efficacy of MPA (also known as “Provera”) as a
hormonal contraceptive.

20. Several scientists whom I interviewed mentioned the difficulties of interpreting
studies that fail to find group differences. Some of them (Drs. D, R, and T, for
example) generally thought that steps could and should be taken to push for
more publication of “null” or “negative” findings. Others were more equivo-
cal on this point, because they often saw many reasons that studies might fail
to find a group difference, even if there is a “true” underlying difference pres-
ent. Dr. U, for example, noted that using measures without good sensitivity for
capturing the constructs of interest, as well as the necessarily small sample
sizes in these studies, both would tend to underestimate differences between
hormone-exposed and unexposed groups. But the most obvious strategy for
increasing the power of these studies, namely, using larger unexposed control
groups, is almost never used. The neglected study by Jaffe and colleagues
(1989), ironically, is one of the very few that did use this strategy: they com-
pared 74 boys and 98 girls who had been exposed to 459 boys and 546 girls
who had not been exposed (351). Thus, this study had excellent power for de-
tecting even small group differences.

21. Dalton did publish some other results from the progesterone-exposure study,
but these were limited to analyses of IQ, general school performance, and de-
velopmental milestones (for example, Dalton 1976). The findings on spe-
cifically sex-typed interests and personality traits (including “tomboyism”)
were never published, which makes subsequent citation and mention difficult
to trace (for instance, the conference paper does not show up at all in the ISI
Web of Science), but my impression is that the unpublished sex-typed interests
findings are cited even more frequently than the IQ findings of the published
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report—probably because the idea that early hormones affect overall IQ went
out of favor a very long time ago.

22. This has sometimes been acknowledged in reviews. For example, regarding
both of the studies by Richard Green and colleagues, Hines, Golombok, et al.
(2002) remarked that “the studies assessed a large number of variables, rais-
ing the possibility that the few significant findings resulted from chance”
(1684).

23. Again, the authors of the report are more ready to see a consistent pattern of
findings, suggesting that the progesterone-only regimen was especially linked
with more feminine traits. Still, they noted that “in a study with many depen-
dent variables, and a limited number of subjects, caution must be exercised in
the interpretation of ‘significant’ findings” (Kester et al. 1980, 281).

24. It is fair to characterize the statistical approach in this study as overly gener-
ous, for a number of reasons. First, the authors themselves acknowledged the
complexity of effects on sexual differentiation from the hormones involved,
and noted that animal and human studies had suggested both masculiniz-
ing and demasculinizing effects. They even wrote that “since little is known
about the behavioral effects of the individual estrogens and progestogens, it
is impossible to predict with any certainty their interactive effects on sex-
dimorphic behavior” (Ehrhardt et al. 1984, 458). Yet they employed one-
tailed statistical tests, even though the groups they studied were exposed to a
variety of compounds. Second, they conducted a very large, though unre-
ported, number of comparisons, which dramatically increases the odds of
finding significant results simply by chance. This is a special problem when so
many of the dependent variables are interrelated. For example, in the domain
of “parenting rehearsal,” they separately analyzed six different items, each as-
sessed both by an interview with the child and one with the mother. Out of
these twelve comparisons, finding one significant result is hardly unexpected.
A similar problem affects their conclusions regarding girls’ interest in feminine
appearance (two marginal differences out of ten comparisons, again using
one-tailed tests).

25. A third report, appearing in Nature (Reinisch 1977), framed the analysis of
the psychological effects of prenatal progestin in terms of “IQ and personality
tests,” but did not mention masculinization or feminization. For that reason,
and because it does not apparently present new data, I omit detailed discus-
sion of that article in this section. The two different frameworks for present-
ing the same findings are interesting, though. Marianne van den Wijngaard
(1997) has speculated that Reinisch was increasingly disposed to interpret the
findings in terms of the hypothesis of sex differentiation, as brain organization
theory was becoming an important touchstone for research on hormones dur-
ing this period. It seems more likely to me that the difference between the Na-
ture article and the Archives of Sexual Behavior article (Reinisch and Karow
1977) was simply a matter of space: the latter allowed the authors much more
room to discuss etiologic theories and related studies.

26. It might be premature to suggest that the DES-exposure hypothesis is dead,

Notes to Pages 221–224 p 332



given the disproportionate attention given to studies finding effects of DES on
psychosexual development, relative to those studies that find none. For exam-
ple, based on a check of citations in the Web of Science as of June 10, 2008,
average citations for the studies that seem to support “organizing effects” of
DES are 2.25 per year, nearly twice the rate (1.16) of those studies counter to
the hypothesis.

27. Additional data on (non-erotic) sex-typed interests in CAH have been re-
ported, but they are not included here because of insufficient detail regarding
methods and measures, lack of control groups, and/or no statistical analysis
of group differences (for example, Ehrhardt, Epstein, and Money 1968; Lev-
Ran 1974a, 1974b; Money and Daléry 1976; Money and Schwartz 1977;
Money, Schwartz, and Lewis 1984; Slijper et al. 1998; Gupta et al. 2006).

28. Of the three, note that only Hines and Kaufman (1994) made direct observa-
tions of children’s behavior. In interviews, two researchers indicated that the
usual method, parental reports, is especially prone to bias regarding children’s
level of activity (Drs. R and U).

29. According to later analysis of a larger sample of Sheri Berenbaum’s CAH
study, in which she used a standardized, validated instrument (the Self-Image
Questionnaire for Young Adolescents, SIQYA, in Petersen et al. 1984), CAH-
affected subjects and controls did not differ in vocational/educational goals
(Berenbaum et al. 2004). During an interview, Dr. Berenbaum suggested that
the SIQYA is a less sensitive measure of sex-typed occupational preferences, so
this finding probably does not temper the earlier finding that girls with CAH
have more masculine career interests.

30. In one study, women with CAH scored lower on a measure of indirect aggres-
sion (a scale on which women typically score higher), but were no different on
the other four aggression scales, even though each of these scales typically
shows sex differences, and liberal statistical tests were used (Helleday et al.
1993).

31. In a recent review chapter on prenatal hormones and sex-typed interests,
Berenbaum and Resnick (2007) write that females with CAH are “more likely
to report that they would use physical aggression in hypothetical conflict situ-
ations” (151). Because only one study (Pasterski et al. 2007) has found fe-
males with CAH to be more aggressive than controls, whereas many other
studies have failed to find such differences (Ehrhardt, Epstein, and Money
1968; Ehrhardt and Baker 1974; Slijper 1984; Gordon et al. 1986; Dittmann
et al. 1990, “Congenital Adrenal Hyperplasia I”), including the combined
sample of Berenbaum’s own study (Berenbaum et al. 2004), this interpretation
is misleading—though again, I think the difficulty is that Berenbaum and
Resnick overlook the data from the 2004 study, as their focus in that analysis
wasn’t on aggression. I do not think it involves a deliberate distortion of the
evidence. Still, the totality of evidence strongly suggests that CAH is not asso-
ciated with increased aggression in either males or females.

32. It’s probably worth noting again that some of the scientists who do this work
disagree that it is a good idea to look at the evidence from all the study de-
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signs, because they consider certain subsets of studies to be illogical or other-
wise unconvincing. In particular, several scientists who do cohort studies on
people with known unusual hormone exposures were critical of the case-
control studies of sexual minorities, especially studies that rely on the Gesch-
wind-Behan-Galaburda hypothesis (interviews with Drs. D, R, T, and U).
Nonetheless, the different designs do offer distinct strengths and benefits (the
case-control studies don’t have to contend with the issue of intersexuality, for
example). Most importantly, these studies are all used as a package to support
the theory in a great many scientific reviews and in the popular press.

33. The “present attitudes and future expectations” items (1990, part I, 407) in
Dittmann and colleagues’ studies (1990, parts I and II) illustrate how ex-
tremely dated norms are presented as the “feminine” expectation in these
studies: “giving up work (if living with a partner), subordinate role (if living
with a partner), perceived advantages in life for men vs. women, and future
preference for career vs. family.” Among other problems, these measures give
no possibility for girls and women to be affected by political awareness rather
than early hormones when evaluating, say, the relative advantages in life for
men versus women (treating that as a potential indicator of “brain masculini-
zation” seems extraordinarily similar to early twentieth-century conservative
physicians who suggested that “sex bitterness” among feminists was a biologi-
cal condition). It is also somewhat amazing that Dittmann, like most other sci-
entists, does not consider that difficult, medically managed childhoods and
(often multiple) genital surgeries may affect women’s attitudes toward child-
bearing and childrearing.

34. We must be thankful for the studies, like this one, that give us the nitty-gritty
details. One reason so few studies do is that very few of them rely on observa-
tion of behavior, but instead ask children and parents to complete question-
naires. The questionnaires, in turn, are more susceptible to stereotyped re-
sponses, especially if the child’s sex has already been made salient by anything
in the questionnaires.

35. Additional data are available from the recent Digest of Education Statistics
published by the National Center for Education Statistics (2007). See table 9,
for example, which lists the number of persons age 18 and over, by highest
level of education attained, age, sex, and race/ethnicity for 2007. Notice that
the male-to-female ratio of people over 18 who hold a doctoral degree (more
than 2 to 1) is reversed for the youngest age group for whom this statistic is
available. Among people aged 25 to 29 years old, more than 2.15 times as
many women as men hold doctorates.

36. For example, the vervets were tested in groups, which means that the choices
each vervet made were not independent, but were dependent on group factors
such as what other vervets (especially more dominant vervets) were already
playing with. Out of 44 males and 44 females, only 33 males and 30 females
made contact with any of the six toys, which was the necessary criterion for
getting a “percent contact score” and being included in the analysis. Males
showed a trend toward dominance ranking being correlated with a greater
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amount of toy contact. In addition to dominance, choices would also have
been affected by more mundane facts such as things that were already going
on in the enclosure before the toy was introduced (so that some vervets were
engaged and distracted by other tasks when the toy was put in), the spatial dis-
tribution of the vervets before the toys were put in the cages, and so on. There
was also a near-significant trend for male vervets to get higher scores for “ap-
proach” and “contact” with toys in general. It would also be interesting to see
the shape of the data. Were a few vervets, of either sex, playing with the toys
much more often than the others? How did the passing of toys from one
vervet to another work—did toys get “abandoned,” “taken,” “given”? Were
they ever shared?

37. The hypothesis of sex differences in color preference got quite a lot of airtime
after another study supposedly showed that, as a headline in the Independent
put it, “Boys Like Blue, Girls Like Pink—It’s in Our Genes” (Connor 2007).
Right off the bat, the article gives a terrific sense of the successive sleights
of hand that neatly link stereotypes to science: “Scientists have found that
women tend to prefer pink—or at least a redder shade—while men prefer
blue, and that the gender difference may be down to genes rather than up-
bringing.” Move down a bit, and you learn the structure of the study: “As fast
as they could, each young man and woman had to choose their preferred col-
our from a series of paired, coloured rectangles shown on a computer screen.
The universally preferred colour for both sexes was blue, but females also
showed a distinct preference for reddish colours, Dr Hurlbert said.” To com-
plete the slippage, notice that the study was done on young adults—who have
already been through years of color-coding by gender—though a quote in the
article from the study’s lead scientist (echoing the headline) alludes to “little
girls” and “boys.” In the end, a study showing that young men and women
prefer blue, and women slightly prefer a more reddish-blue, getting boiled
down to a claim that “little” (read: not yet socialized) girls have a preference
for pink (notice this is an altogether new element in the story). That’s not sci-
ence, it’s folklore. I thank an anonymous reviewer for bringing this example to
my attention.

38. Alexander and Hines (2002) reported that “in some instances, . . . vervet mon-
keys contacted toys in ways that appeared to resemble children’s contact with
them, such as moving the car along the ground. They also interacted with the
doll in ways that resembled female vervet contact with infants, such as in-
specting it physically” (472). They also include two photographs in the article
as “examples of a female and a male animal contacting toys” (473). The au-
thors do not provide data on whether there were any sex differences in the
way that vervets contacted toys. Given the ubiquitous nature of stories about
children engaging in sex-typed play even with “inappropriate” objects (a girl
cuddling a fire truck, a boy using a Barbie as a gun), it would be important to
know if vervets were more likely to “contact” specific toys in ways that resem-
ble how their same-sex human counterparts would contact them. In any case,
the picture and the emphasis on those instances (presumably not the majority
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of the time, or they would have said so) when vervets appeared to use toys in
ways similar to how human children use them lend credibility to the evolu-
tionary story, though the data don’t neatly support it.

9. Taking Context Seriously

1. I restrict consideration for now to the classical form of CAH, because the vast
majority of brain organization studies focus on this form rather than the
milder “nonclassical” form, which does not masculinize the genitals. I will re-
turn later to consider how aspects of context might be important for evaluat-
ing girls and women with nonclassical CAH.

2. We know so little about how variation in physical sexual sensations might
contribute to specific activity and partner preferences—maybe women for
whom penetration is somewhat less comfortable or pleasurable are more
likely to fantasize about other activities, especially cunnilingus? This harkens
back to the important midcentury experimental psychologist Frank Beach,
who resisted brain organization theory for years, famously shouting, “All is in
the penis!” prompting brain organization proponent Roger Gorski to retort,
“No, all is in the brain!” (van den Wijngaard 1997, 39).

3. Remarkably, the effect of a serious, genetically transmitted condition on one’s
plans for parenthood does not seem to be much studied. On December 27,
2008, a search of the ISI Web of Science database for articles using the term
combination (“huntington chorea” or “hemophilia” or “tay-sachs” or “epi-
lepsy” or “sickle-cell anemia” or “muscular dystrophy”) and (“effect on fertil-
ity” or “wish for children” or “maternalism”) turned up 0 results.

4. Judith Butler’s commentary on this case (2001) is similar in the sense that she,
too, points to the “narrative of gender essentialism” (632) and to the extraor-
dinary scrutiny under which Reimer developed a sense of self. I read Butler’s
account of Reimer’s own subjective narrative as an exploration of how it is
possible to “do justice” to him, to honor his account of himself, even as we
pursue a critical stance toward gender as an institution, structure, and social
process. My emphasis is different and involves a simpler point that Butler did
not directly make: that relentless, overt scrutiny is itself a technology for
destabilizing gender, for affirming that it is not “true” or “natural.”

5. In a sense, proving either theory with reference to evidence could be a circular
exercise. In the case of naturalized gender, the circularity is this: stable gender
typically develops because everyone believes that it reflects the natural state of
affairs—the “truth” of the developing person; if it didn’t work, they must not
have believed. In the case of brain organization theory, the circularity goes like
this: gender identity develops under the influence (or absence) of androgens; if
masculine identity develops, there must have been “sufficient” androgens.

6. This description of embodied gender has been influenced and informed by a
number of developmental biologists who are thoughtful about gender, most
especially Evan Balaban and Anne Fausto-Sterling. Fausto-Sterling has re-
cently begun to conduct empirical research on how systematic differences in
early interactions with infants could be evaluated in terms of a cascade-and-
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feedback model of gender development (Fausto-Sterling 2006). I explore the
embodiment of gender in much more detail in Chapter 10.

7. There is a sort of “chicken-and-egg” quality to this relationship. Did same-
sex-oriented people form visible communities because they were distinct
“types,” including being relatively gender-nonconforming? Or did manner-
isms cultivated through membership in or even knowledge of gay and lesbian
subcultures sediment into patterns that connected same-sex desires with gen-
der nonconformity? It’s not possible to definitely answer this question, but the
latter explanation fits better with several observations from history and con-
temporary sexual cultures. The history of “the closet,” for example, serves as
a compelling argument against the notion that erotically atypical people are
“by nature” gender-atypical in other ways. How would it be possible for so
many people to conceal their sexual orientation if significant gender atypi-
cality were universal among people with same-sex desires? And there is am-
ple evidence that the link between sexual orientation and gender is self-
reinforcing. Scores of anthropological and historical works document that
gender-atypical lesbians and gay men have long been more readily recognized
(as well as more punished and demonized) than their more gender-conforming
counterparts. (Two excellent examples are Bérubé 1990, especially chapter 2
on “fitting in” in military life, and Chauncey 1994, especially regarding differ-
ent men’s relationship to the identity of “fairy.”)

8. Here, though, to foreshadow some of the argument in Chapter 10, it is impor-
tant to recognize that steroid levels alone don’t really tell us much, because
hormones operate within a complex and dynamic system that involves multi-
ple chemical and neurological actors, feedback loops, receptor activity, and so
on. One of my early suspicions about the effect of early hormone exposures
was that these initial exposures “calibrate” an individual’s system as initial
preparation for these later dynamic functions. In this way, for example, fe-
males become far more sensitive and responsive to testosterone at much lower
levels than males are. This could show up empirically as a result that females
do not show the same responses to testosterone fluctuations, or show the same
testosterone responses to emotion, that males show. But those results may re-
flect the fact that researchers typically examine the higher levels of production
and response that are characteristic of males. These assays may not be sensi-
tive enough to reveal small variations in the much lower levels found in
females (which are more technically demanding and therefore expensive to de-
tect). Biologically important fluctuations in females may therefore remain un-
discovered and therefore unanalyzed.

10. Trading Essence for Potential

1. Pinto-Correia has fervently and convincingly argued that neither Leeuwen-
hoek nor the other “spermists” of the seventeenth century used the specific
term homunculus, which had far too much negative baggage at that time. I
can’t begin to do justice to the tale in the short space of a note, but the whole
story is laid out in Pinto-Correia’s The Ovary of Eve (1997).
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2. Both Lewontin (2000) and Balaban (2006) explain one important source of
stochasticity, which is the uneven distribution in space of molecules within de-
veloping cells, and the fact that there are limited temporal windows for partic-
ular kinds of molecular interactions to take place. “The consequence of there
being a very small number of chemical units processed by spatially con-
strained intracellular machines is that there is considerable variation from cell
to cell in the rate and number of molecules that are synthesized” (Lewontin
2000, 36).

3. Though they suggest the familiar story of the “female-typical” pattern (reli-
ance on local markers) as the default strategy, this conclusion fits awkwardly
with their data. First, the notion that use of local markers is a “female special-
ization” implies that females have this skill but are not skilled at spatial loca-
tion, which is false. Thus, while blocking androgens does improve males’ use
of local markers, it seems unwarranted to conclude that androgens “eliminate
the female specialization” (ability to use local markers).

4. The tone of popular coverage on this trend has sometimes been dire: “Newly
released statistics show there are about 2 million more women than men on
the nation’s college campuses, a disparity that could alter the fabric of mar-
riage in America, experts say. More middle-aged men lacking a college educa-
tion are single. Marriage rates among professional women have flattened”
(Emerson and Hall 2006, 1). The new trend has also prompted worries that
efforts to keep gender balance in college have raised admissions standards
even higher for women (Levy-Prewitt 2007).

5. Again, it’s worth noting how the “ecotype NOR” is different from a strict
NOR that maps development of a single genotype. The assumption in this
comparison between the sex difference seen in the U.S. population in 1930
versus 1990 is that there is no plausible reason to believe that there has been
any large-scale shift in the sex distribution of relevant genes in that sixty-year
period. In terms of the brain organization story, it’s important to point out
that there is also no reason to believe that sex differences in prenatal hormone
exposures have changed for some nongenetic reason. Conversely, there has
been a discernible change in the relevant environment, namely, a series of mea-
sures to eliminate systematic sex discrimination in education and employ-
ment.

6. This study is especially useful because they used a control group who prac-
ticed a different kind of video game, and did not improve the spatial skills. As
the authors explain: “Some previous studies found that video-game practice
had little or no effect . . . , implying that improved performance on spatial
tasks after video-game practice may depend on the kinds of spatial abilities
that are needed in the game and in the spatial task” (853).
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