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Financial Times
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‘Rippon writes like a scientist, not a psychologist or philosopher. She makes an irascible but very down-to-earth guide through the thickets of such statistical properties as effect sizes and how they have been manipulated or ignored’
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‘Adds both breadth and depth to previous discussions and provides a little more ballast to the argument that nature and nurture are not so easily divisible but in dynamic interaction’
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‘Rippon has spent decades questioning ideas that the brains of men and women are somehow fundamentally different – work that she compellingly presents in her new book… Rippon’s writing bristles with frustration that this argument still needs to be stated’

BBC.com



‘An authoritative debunking of the notion of a gendered brain… Ultimately, her message is that a gendered world will produce a gendered brain. The result, unfortunately, is that boys and girls are shaped with different expectations and are often driven down different career paths. Well-crafted and thoroughly documented, this is a must-read for parents, teachers, and anyone of either sex who cares for children’

Kirkus




Few tragedies can be more extensive than the stunting of life, few injustices deeper than the denial of an opportunity to strive or even to hope, by a limit imposed from without, but falsely identified as lying within.

Stephen Jay Gould,

The Mismeasure of Man




Introduction:

Whac-a-Mole Myths






This book is about an idea that has its roots in the eighteenth century and still persists today. That is the notion that you can ‘sex’ a brain, that you can describe a brain as ‘male’ or ‘female’ and that you can attribute any differences between individuals in behaviour, abilities, achievements, personality, even hopes and expectations to the possession of one or the other type of brain. It is a notion that has inaccurately driven brain science for several centuries, underpins many damaging stereotypes and, I believe, stands in the way of social progress and equality of opportunity.

The question of sex differences in the brain is one that has been debated, researched, encouraged, criticised, praised and belittled for over 200 years, and can certainly be found in different guises for long before that. It is an area of entrenched opinion and has been the ongoing focus of just about every research discipline from genetics to anthropology, mixed with history, sociology, politics and statistics. It is characterised by bizarre claims (women’s inferiority comes from their brains being five ounces lighter) which can readily be dismissed, only to pop up again in another form (women’s inability to read maps comes from wiring differences in the brain). Sometimes a single claim lodges itself firmly in the public consciousness as a fact and, despite the best efforts of concerned scientists, remains a deeply entrenched belief. It will be frequently referred to as a well-established fact and triumphantly re-emerge to trump arguments about sex differences or, more worryingly, to drive policy decisions.

I think of these seemingly endlessly recurring misconceptions as ‘Whac-a-Mole’ myths. Whac-a-Mole is an arcade game which involves repeatedly hitting the heads of mechanical moles with a mallet as they pop up through holes in a board – just when you think you’ve dispatched them all, another pesky mole pops up elsewhere. The term ‘Whac-a-Mole’ is used nowadays to describe a process where a problem keeps recurring after it is supposedly fixed, or any discussion where some type of mistaken assumption keeps popping up despite it supposedly having been dispatched by new and more accurate information. In the context of sex differences, this might be the belief that newborn baby boys prefer to look at tractor mobiles rather than human faces (the ‘men are born to be scientists’ mole), or that there are more male geniuses and more male idiots (the ‘greater male variability’ mole). ‘Truths’ such as these have, as we shall see in this book, been variously whacked over the years but can still be found in self-help manuals, how-to guides and even in twenty-first-century arguments about the utility or futility of diversity agendas. And one of the oldest and apparently hardiest of moles is the myth of female and male brains.

The so-called ‘female’ brain has suffered centuries of being described as undersized, underdeveloped, evolutionarily inferior, poorly organised and generally defective. Further indignities have been heaped upon it as being the cause of women’s inferiority, vulnerability, emotional instability, scientific ineptitude – making them unfit for any kind of responsibility, power or greatness.

Theories about women’s inferior brains emerged long before we were actually able to study the human brain, other than when it was damaged or dead. Nevertheless, ‘blame the brain’ was a consistent and persistent mantra when it came to finding explanations for how and why women were different from men. In the eighteenth and nineteenth centuries it was generally accepted that women were socially, intellectually and emotionally inferior; in the nineteenth and twentieth centuries the focus shifted to women’s supposedly ‘natural’ roles as carers, mothers, womanly companions of men. The message has been consistent: there are ‘essential’ differences between men’s and women’s brains, and these will determine their different capacities and characters and their different places in society. Even though we could not test these assumptions, they remained the bedrock on which stereotypes were firmly and immutably grounded.

But at the end of the twentieth century the advent of new forms of brain imaging technology offered the possibility that we could, at last, find out if there really were any differences between the brains of women and those of men, where they might come from, and what they might mean for the brains’ owners. You might think that the possibilities offered by these new techniques would be seized on as ‘game changers’ in the arena of research into sex differences and the brain. The development of powerful and sensitive ways for studying the brain, together with a chance to reframe a centuries-old quest for differences, should be revolutionising the research agenda and galvanising discussion in media outlets. If only that were the case …

Several things went wrong in the early days of sex differences and brain imaging research. With respect to sex differences, there was a frustrating backward focus on historical beliefs in stereotypes (termed ‘neurosexism’ by psychologist Cordelia Fine). Studies were designed based on the go-to list of the ‘robust’ differences between females and males, generated over the centuries, or the data were interpreted in terms of stereotypical female/male characteristics which may not have even been measured in the scanner. If a difference was found, it was much more likely to be published than a finding of no difference, and it would also breathlessly be hailed as an ‘at last the truth’ moment by an enthusiastic media. Finally the evidence that women are hard-wired to be rubbish at map reading and that men can’t multi-task!

The second difficulty with early brain imaging research was the images themselves. The new technology produced wonderfully colour-coded brain maps that gave the illusion of a window into the brain – the impression that this was an image of the real-time workings of this mysterious organ, now available for inspection by all. These seductive images have fed a problem which I have called ‘neurotrash’ – the sometimes bizarre representations (or misrepresentations) of brain imaging findings that appear in the popular press and in piles of brain-based self-help books. These books and articles are frequently illustrated with beautiful brain maps, which are considerably less frequently accompanied by any kind of explanation of what such maps are really showing. Understanding the differences between women and men has been a particular target for such manuals or headlines, bringing us apparently enlightening links to crowbars, polka dots and clams, and, of course, compounding the idea that ‘Men are from Mars, Women are from Venus’.

So the advent of brain imaging at the end of the twentieth century did not do much to advance our understanding of alleged links between sex and the brain. Here in the twenty-first century, are we doing any better?



*



New ways of looking at the brain focus on connections between structures rather than just the size of the structures themselves. Neuroscientists today have started decoding the brain’s ‘chatter’, the way in which different frequencies of brain activity seem to pass on messages and bring back answers. We are getting better models of how the brain does what it does, and we are beginning to have access to huge data sets, so comparisons can be made and models can be tested using hundreds if not thousands of brains, rather than the handfuls that were available previously. Could these advances shed any light on the vexed question of the myth or the reality of the ‘female’ and the ‘male’ brain?

One major breakthrough in recent years has been the realisation that the brain is much more ‘proactive’ or forward-thinking with respect to information gathering than we had first realised. It doesn’t just respond to the information when it arrives, it generates predictions about what might be coming next, based on the kind of patterns it has identified on previous occasions. If it turns out that things didn’t quite work out as planned, then this ‘prediction error’ will be noted and the guidelines adjusted accordingly.

Your brain is continuously making guesses as to what might be coming next, building templates or ‘guide images’ to help us take shortcuts to get on with navigating our lives. We could think of the brain as some kind of ‘predictive texter’ or high-end satnav, helpfully completing our words or sentences, or finishing off a visual pattern to let us get on with life quickly, or guiding us down the safest paths for ‘people like us’. Of course, in order to make predictions you need to learn some kind of rules about what usually happens, about the normal course of events. So what our brain does with our world very much depends on what it finds in that world.

But what if the rules our brains are picking up are actually just stereotypes, those pervasive shortcuts that lump together past truths or half-truths or even untruths? And what might this mean for understanding sex differences?

This brings us into the world of self-fulfilling prophecies. The brain doesn’t like making mistakes or prediction errors – if we are confronted with a situation where ‘people like us’ aren’t commonly found or where we are clearly unwelcome, then our brain-based guidance system may drive us to withdraw (‘Make a U-turn when possible’). If we are expected to make mistakes, then the additional stress makes it highly likely that mistakes will be made and we will lose our way.

Until the twenty-first century it was generally held that with regard to the brain, biology was destiny. The bottom line had always been that, apart from the known flexibility in very young, developing brains, the brains we ended up with were pretty much the ones we were born with (only bigger and a bit more connected). Once you were an adult, your brain had reached its developmental endpoint, reflecting the genetic and hormonal information with which it had been programmed – no upgrades or new operating systems were available. This message has changed in the last thirty years or so – our brains are plastic and malleable and this has significant implications for our understanding of how entangled our brain is with its environment.

We now know that, even in adulthood, our brains are continually being changed, not just by the education we receive, but also by the jobs we do, the hobbies we have, the sports we play. The brain of a working London taxi driver will be different from that of a trainee and from that of a retired taxi driver; we can track differences among people who play videogames or are learning origami or to play the violin. Supposing these brain-changing experiences are different for different people, or groups of people? If, for example, being male means that you have much greater experience of constructing things or manipulating complex 3D representations (such as playing with Lego), it is very likely that this will be shown in your brain. Brains reflect the lives they have lived, not just the sex of their owners.

Seeing the life-long impressions made on our plastic brains by the experiences and attitudes they encounter makes us realise that we need to take a really close look at what is going on outside our heads as well as inside. We can no longer cast the sex differences debate as nature versus nurture – we need to acknowledge that the relationship between a brain and its world is not a one-way street, but a constant two-way flow of traffic.

Perhaps an inevitable consequence of looking at how the outside world is entangled with the brain and its processes is a greater focus on social behaviour and on the brains behind it. There is an emerging theory that humans have been successful because we evolved to be a co-operative species. We can decode invisible social rules, ‘mind-read’ our fellow humans to know what they might do, what they might be thinking or feeling, or what they might want us to do (or not to do). Mapping the structures and networks of this social brain has revealed how it is involved with forging our self-identity, with spotting members of our in-group (are they male or female?), and with guiding our behaviour to be appropriate to the social and cultural networks to which we belong (‘girls don’t do that’), or to which we wish to belong. This is a key process to monitor in any attempt to understand gender gaps, and it appears to be a process that starts from birth, or even before.

Even the very youngest members of our world, highly dependent newborn babies, are in fact much more sophisticated socialites than we ever realised. Despite their fuzzy vision, rather rudimentary hearing and absence of pretty much all basic survival skills, babies are quickly picking up on useful social information: as well as key facts such as whose face and voice might signal the arrival of food and comfort, they start to register who is part of their in-crowd, to recognise different emotions in others. They appear to be tiny social sponges, quickly soaking up the cultural information from the world around them.

A story that neatly illustrates this comes from a remote village in Ethiopia, where computers had never been seen. Some researchers dropped off a pile of boxes, taped shut. The boxes contained brand-new laptops, preloaded with some games, apps and songs. And no instructions. The scientists videoed what happened next.

Within four minutes, one child had opened a box, found the on–off switch and powered the computer up. Within five days, every child in the village was using forty or more of the apps they found and singing the songs the researchers had preloaded. Within five months, they had hacked the operating system in order to reboot the camera that had been disabled.

Our brains are like these children. Unguided, they will work out the rules of the world, learn the applications, go beyond what was initially thought possible. They work by a combination of astute detection and self-organisation. And they will start very young!

And one of the first things they will turn their attention to is the rules of the gender game. With the relentless gender bombardment coming from social and mainstream media, it is an aspect of these little humans’ world that we should be watching very carefully. Once we acknowledge that our brains are not only rule-hungry scavengers, with a particular appetite for social rules, but that they are also plastic and mouldable, then the power of gender stereotypes becomes evident. If we could follow the brain journey of a baby girl or a baby boy, we could see that right from the moment of birth, or even before, these brains may be set on different roads. Toys, clothes, books, parents, families, teachers, schools, universities, employers, social and cultural norms – and, of course, gender stereotypes – all can signpost different directions for different brains.



*



Resolving arguments about differences in the brain really matters. Understanding where such differences come from is important for everyone who has a brain and everyone who has a sex or a gender (more on this later) of some kind. The outcomes of these debates and research programmes, or even just anecdotes, are embedded in how we think about ourselves and others, and are used as yardsticks against which to measure self-identity, self-respect and self-esteem. Beliefs about sex differences (even if ill-founded) inform stereotypes, which commonly provide just two labels – girl or boy, female or male – which, in turn, historically carry with them huge amounts of ‘contents assured’ information and save us having to judge each individual on their own merits or idiosyncrasies. As well as providing a list of the contents themselves, these labels may carry an additional nature or nurture stamp. Is this a ‘natural’ product, based on pure biology, with its characteristics fixed and unchangeable, or is it a socially determined creation, manured by the world around it, with its characteristics quickly adjustable by the flick of a policy switch or an added sprinkling of environmental input?

With input from exciting breakthroughs in neuroscience, the neat, binary distinctiveness of these labels is being challenged – we are coming to realise that nature is inextricably entangled with nurture. What used to be thought fixed and inevitable is being shown to be plastic and flexible; the powerful biology-changing effects of our physical and our social worlds are being revealed. Even something that is ‘written in our genes’ may come to express itself differently in different contexts.

It has always been assumed that the two distinct biological templates that produce different female and male bodies will also produce differences in the brain, which will underpin sex differences in cognitive skills, personalities and temperament. But the twenty-first century is not just challenging the old answers – it is challenging the question itself. One by one, we will see that past certainties are being dismantled. We will see what is happening to those well-known differences in masculinity and femininity, in fear of success, in nurturance and caring – even the very notion of female and male brains. Revisiting the evidence that supported these conclusions suggests that these characteristics do not neatly match the male/female labels they have been given.

So, yes, this is another book about sex differences in the brain, in the wake of many influential and hugely well-informed predecessors. It is a book that I believe is needed, as the old misconceptions still keep popping up in new guises, Whac-a-Mole style. There are still problems to solve – we will see how big the gender gaps are in key areas of achievement – and there are still gender paradoxes to explain, such as why do the most gender equal countries have the lowest proportion of female scientists?

The message at the heart of this book is that a gendered world will produce a gendered brain. I believe that understanding how this happens and what it means for brains and their owners is important, not just for women and girls, but for men and boys, parents and teachers, businesses and universities, and for society as a whole.




Sex, Gender, Sex/Gender or Gender/Sex: A note on gender and sex






We need to address the issue of whether we should talk about ‘sex’ or ‘gender’ or neither or both or some sort of combination. This book will be about sex differences in the brain but it will also be about gender differences in the brain. So are these the same thing – does your biologically determined sex bring with it all the characteristics that define your socially constructed gender? Will being the possessor of two X chromosomes, or an XY pair, determine your place in society, the roles you will play, the choices you will make?

For centuries, the answer to this was an unequivocal ‘yes’. As well as bestowing on you the appropriate reproductive gear, your biological sex allegedly gave you an appropriately distinct brain, and thus determined your temperament, your skills, your fitness to lead or be led. The term ‘sex’ was commonly used to refer to both biological and social characteristics of women and men.

Towards the end of the twentieth century, in the light of feminist concerns, there was a move to challenge this deterministic approach. There was an emerging insistence that the term ‘gender’ be used when referring to matters that were solely to do with social matters, distinct from ‘sex’, which should be reserved for any reference to biology. Fast-forward a few years and, as we shall see, it became clear that it was getting harder and harder to sustain this neat distinction between sex and gender. Our emerging understanding of how much the brain can be influenced by social pressures meant that we needed a term to reflect this entanglement; in academic circles, the use of ‘sex/gender’ or ‘gender/sex’ has been offered as a solution. But this is not widespread in everyday usage and is rarely to be found in the popular media or in more populist articles about females and males.

The solution there seems to be to use ‘sex’ or ‘gender’ pretty interchangeably, with perhaps a greater tendency to use ‘gender’ to avoid the impression that you believe whatever you are talking about is actually all down to biology. You never see articles on ‘sex pay gaps’ or ‘sex imbalances’, for example, in business leadership. But when it comes down to it, it is clear that the term ‘gender’ now bundles together all aspects of females and males in just the same way that ‘sex’ used to. Recently browsing through the BBC’s popular online revision guides for sixteen-year-olds (not, I hasten to add, for tips for this book) I noted that there was a section on the determination of gender. It was actually about the production of XX and XY chromosome pairs, headed by the statement ‘So a human baby’s gender [my emphasis] is determined by the sperm that fertilises the egg cell’. So even august institutions such as the BBC are cheerily contributing to this linguistic confusion.

What does this mean for how I will label the brain differences (or lack of them) that are at the heart of this book? Are they ‘sex differences’ or ‘gender differences’ or both? Given that many of the arguments are about the core role of biology, I shall use the term ‘sex’ or ‘sex differences’ as the default option when talking about the brain or about individuals clearly being divided according to whether they are biologically female or male. ‘Gender differences’ will mainly be reserved for when we are looking at socialisation issues such as, for example, the pink and blue tsunami which washes over newly arrived humans. The title The Gendered Brain aims to acknowledge that we are looking at the brain-changing effects of social processes.

Gendered pronouns can also be a fraught topic. If you don’t know the sex (or gender) of the person you are writing about, the default option has, historically, been the male version, ‘he’. In a book where part of the story is to challenge default options, doing so would clearly be unacceptable. Although ‘he or she’ or ‘s/he’ can be alternatives, this can become awkward and distracting in a lengthy tome like this. My solution has been to try and redress the balance by, where appropriate, deliberately using ‘she’ rather than ‘he’.




PART ONE
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Chapter 1:

Inside Her Pretty Little Head – The hunt begins







Women … represent the most inferior forms of human evolution and … are closer to children and savages than to an adult, civilized man.

Gustave Le Bon, 1895





For centuries, women’s brains have been weighed and measured and found wanting. Part of women’s allegedly inferior, deficient or fragile biology, their brains were at the heart of any explanation as to why they were lower down any scale, from the evolutionary to the social and the intellectual. The inferior nature of women’s brains was used as the rationale for frequently proffered advice that the fairer sex should focus on their reproductive gifts and leave education, power, politics, science and any other business of the world to men.

While views about women’s capabilities and their role in society varied somewhat over the centuries, a consistent theme throughout was ‘essentialism’, the idea that differences between female and male brains were part of their ‘essence’, and that these brains’ structures and functions were fixed and innate. Gender roles were determined by these essences. It would be going against nature to overturn this natural order of things.

An early version of this story starts, but unfortunately does not end, with a seventeenth-century philosopher, François Poullain de la Barre, bravely questioning the alleged inequality of the sexes.1 Poullain was determined to have a clear-eyed look at the evidence behind the assertion that women were inferior to men, and was careful not to accept anything as true just because it was how things had always been (or because some appropriate explanation could be found in the Bible).

His two publications, On the Equality of the Two Sexes: a physical and moral discourse in which is seen the importance of undoing prejudice in oneself (1673) and On the Education of Women, to guide the mind in sciences and manners (1674), show a startlingly modern approach to issues of differences between the sexes.2 Poullain even tries to show how women’s skills can be equated with those of men; there’s a charming section in his treatise on sexual equality where he muses that the skills required of embroidery and needlework are as demanding as those required to learn physics.3

Based on his studies of findings from the then new science of anatomy, he made a startlingly prescient observation: ‘Our most accurate anatomical investigations do not uncover any difference between men and women in this part of the body [the head]. The brain of women is exactly like ours.’4 His close examination of the different skills and dispositions of men and women, boys and girls, drew him to the conclusion that, given the opportunity, women would be just as capable of benefiting from the privileges which were then only offered to men, such as education and training. For Poullain, there was no evidence that women’s inferior position in the world was due to some biological deficit. ‘L’esprit n’a point de sexe,’ he declared: the mind has no sex.5

Poullain’s conclusions were strongly against the prevailing ethos; at the time of his writing, the patriarchal system was firmly entrenched. The ‘separate spheres’ ideology, with men fit for public roles and women for private, domestic ones, determined a woman’s inferiority, necessarily subordinate to her father and then to her husband, and physically and mentally weaker than any man.6

It was downhill all the way after that. Poullain’s views were largely, to his disappointment, ignored when they were first published (at least in France), and had little impact on the established view that women were essentially inferior to men, and would be unable to benefit from educational or political opportunities (which was, of course, a self-fulfilling prophecy as they were not, with notable exceptions, given access to education or political opportunities).fn1 This remained the prevailing view throughout the eighteenth century, with little attention to it as a matter worthy of debate.

The woman question

In the nineteenth century, with the emergence of interest in science and scientific principles, there was a focus on linking society’s structures and functions to biological processes, as characterised by early forms of social Darwinism. Among the intellectuals of the day, there were continuing concerns about the ‘woman question’, the increasing demands from women for rights to education, property and political power.7 This feminist wave served as a rallying call for scientists to provide evidence in favour of the status quo, and to demonstrate how harmful it would be to give power to women – not only for the women themselves but for the whole framework of society. Even Darwin himself weighed in, expressing his concern that such changes would derail mankind’s evolutionary journey.8 Biology was destiny and the different ‘essences’ of men and women determined their rightful (and different) places in society.

The views expressed by other scientists indicated that they were likely to be less than objective in their approach to this issue. A favourite quote of mine comes from one Gustave Le Bon, a Parisian interested in anthropology and psychology. His main focus was on demonstrating the inferiority of non-European races, but he clearly had a special place in his heart for women:


Without a doubt there exist some distinguished women, very superior to the average man but they are as exceptional as the birth of any monstrosity, as, for example, of a gorilla with two heads; consequently, we may neglect them entirely.9



Brain size was an early focus in this campaign to prove the inferiority of women and their biology. The fact that the only brains that researchers had access to were dead ones did not stand in the way of trenchant brain-based observations on women’s lesser mental capacities (and, while they were at it, on those referred to at the time as ‘coloured people, criminals and the lower classes’). In the absence of direct access to brains inside the skull, head size was initially adopted as a stand-in for brain size. Le Bon again was an eager exponent of this ‘research’, developing a portable cephalometer which he took around with him to measure the heads of those whose ‘mental constitutions’ would be more or less likely to stand up to the rigours of independence and education. Here we have another example of his penchant for ape comparisons: ‘There are a large number of women whose brains are closer in size to those of gorillas than to the most developed male brains … This inferiority is so obvious that no-one can contest it for a moment.’10

Skull capacity was another eagerly adopted index in the hunt for ways of proving the link between brain size and intellect. Bird seed or buckshot was poured into empty skulls and the amount required to fill it was weighed.11 An early finding that, on average, women’s brains were five ounces lighter than men’s by this measure was enthusiastically seized upon as all the proof that was needed. Clearly, Nature had awarded men five extra ounces of brain matter, and this was the secret of their superior abilities and their right to positions of power and influence. However, there was a flaw in this argument, as the philosopher John Stuart Mill pointed out: ‘a tall and large-boned man must on this showing be wonderfully superior in intelligence to a small man and an elephant and a whale must prodigiously excel mankind’.12 Various contortions followed, including a brain size– body size calculation, but that didn’t come up with the ‘right’ answer either.13 This is known in the business as the Chihuahua paradox: if you claim that a brain/body weight ratio as a measure of intelligence, then Chihuahuas should be the most intelligent dogs of all.

Perhaps more details about the brain’s container, the skull itself, might help to produce the ‘right’ answer? This is where the science of craniology, or skull measurement, stepped in. Based on detailed measurements of every possible angle, height, ratio, forehead perpendicularity and jaw juttedness, craniology seemed to offer a suitable answer.14 The twists and turns of craniology and its measurements were complex and varied. Facial angles were particularly popular, calculated by looking at the angle in profile between a line drawn horizontally from the nostril to the ear and one from the chin to the forehead. A nice big angle, with the forehead pretty much in line with the chin, was a measure of what was termed ‘orthognathism’; a small acute angle, with a jutting chin way in advance of a receding forehead, was a measure of ‘prognathism’. By devising a scale from orangutans through central Africans to European males, craniologists produced the satisfying finding that orthognathism was characteristic of the evolutionarily superior, higher races. However, with respect to fitting women on this scale, a problem emerged: women, on average, turned out to be more orthognathic than men. Fortunately, help was at hand.

The German anatomist Alexander Ecker, whose paper reported this disturbing observation, noted that advanced orthognathism was also characteristic of children, so on this basis women could be characterised as infantile (and, thus, inferior).15 These suggestions were backed up by the findings of one John Cleland who, writing in 1870, reported on his painstaking catalogue of thirty-nine different measurements of ninety-six different skulls, which were all either ‘civilised’ or ‘uncivilised’, some male, some female, one a ‘Hottentot chief’, some ‘cretins and idiots’, another a ‘savage Spanish pirate’, and one the skull of a Fife man named Edmunds executed for the murder of his wife.16 (We are told that Edmunds was from Fife and that he carried out the murder ‘under circumstances of provocation’. We are not told whether either of these two facts earned him a ‘civilised’ or an ‘uncivilised’ classification). One particular measure in Cleland’s catalogue, the ratio of the arch of the skull to its baseline, neatly ensured that adult females were distinct from adult males, and (mainly) distinguishable from members of ‘uncivilised’ nations.

There was to be no stone unturned (or skull unexamined) in the hunt for the proof of women’s inferiority. One paper used over 5,000 measurements on a single skull.17 There were seemingly infinite ways of measuring the skull, with the focus on those that not only best differentiated men from women, but also ensured that women were reliably characterised as inferior, either childlike or similar to reviled ‘lower’ races.

A group of mathematicians at University College London soon got involved in the great measuring game, and their findings would end up leaving craniology in disrepute.18 This group of researchers, headed by Karl Pearson, the father of statistics, also included Alice Lee, one of the first women to graduate from London University. Lee created a mathematically based volumetric formula to work out skull capacity, which she intended to correlate with intelligence. She used this measurement on a group of thirty women students from Bedford College, twenty-five male staff at UCL and (a good move, this) a group of thirty-five leading anatomists who attended a meeting of the Anatomical Society in Dublin in 1898.

The results of her study were the nail in the coffin for craniology; she found that one of the most eminent of these anatomists had one of the smallest heads and, indeed, that one of her future examiners, a Sir William Turner, was eighth from the bottom. The discovery that these eminent men’s heads were on the smaller side magically created a large number of instant converts to the conclusion that linking skull capacity to intelligence was obviously ludicrous (especially as some of the Bedford students had greater cranial capacities than the anatomists). A series of other such studies followed and in a 1906 paper Pearson declared that measure of head size was not an effective indication of intelligence.19

So craniology had had its day, but there were plenty of other sex difference explainers waiting in the wings. Another technique soon evolved out of craniology, which focussed on the mapping of different ‘skill areas’ onto the brain (though, again, without access to the means of directly measuring these). Moving from buckshot to bumps, scientists now focussed on the surfaces of skulls, scrutinising them for evidence of different-sized protuberances, which were taken to reflect the different landscapes of the underlying brains. This led to the infamous ‘science’ of phrenology, developed by Franz Joseph Gall, a German physiologist, who claimed that personality characteristics such as ‘benevolence’, ‘cautiousness’ or even the capacity to produce children could be assessed by measuring the relevant bit of a person’s skull.20 This technique was popularised by Johann Spurzheim, a German physician who was initially a student of Gall’s but, after a disagreement with him, established his own career as an exponent of phrenology.21 The claim of this system was that the different-sized bumps on the skull reflected the different sizes of the many different ‘organs’ of the brain, and that these organs controlled different individual characteristics such as combativeness, philoprogenitiveness or cautiousness. Again, there was, perhaps unsurprisingly, a neat matching of the bigger bumps on male skulls with more superior faculties.

Phrenology became particularly popular in the United States and, in some circles, was enthusiastically adopted by women. In an odd sort of early self-help movement, women were encouraged to ‘know thyself’ by getting their phrenological profile read.22 One strange outcome was the simpering claim that this ‘science’ provided proof that ‘we women’ were indeed lower down a social hierarchy than our differently bumped male counterparts and that we should, with relief, acknowledge our place in the pecking order.

Phrenology eventually fell into disrepute by the middle of the nineteenth century, partly because of the unreliability of the measurements and the lack of any systematic testing of its theories.23 But the notion that specific psychological processes could be localised to discrete areas of the brain lived on, partly supported by the emergence of neuropsychology, matching parts of the brain to specific aspects of behaviour. Scientists began to study patients who had suffered significant injuries to specific parts of the brain in the hope that their ‘before and after’ behaviour would reveal the exact function of those parts.

In the mid-nineteenth century, the French physician Paul Broca established a link between localised damage in the left frontal lobe and speech production.24 His first clue came from the post-mortem examination of the brain of a patient called ‘Tan’, thus named because that was all he could say, although it was clear he could understand speech. The area of damage that was discovered, on the left-hand side of Tan’s frontal lobe, is still called Broca’s area.

More powerful evidence of the links between brain and behaviour was shown by the reported changes in behaviour of one Phineas Gage, an American railway worker who, in 1848, while preparing to blast rocks by tamping down some dynamite with an iron rod, set off an explosion which blew the rod through his left cheek and out of the top of his head, taking a substantial chunk of his frontal lobes with it. He was treated and subsequently studied by the physician John Harlow, who wrote up his observations in two papers with the informative titles of ‘Passage of an Iron Rod through the Head’ (1848) and ‘Recovery from the Passage of an Iron Bar through the Head’ (1868).25 The reported changes in Gage’s behaviour – sober and industrious before the accident; surly, impulsive, uninhibited and unpredictable after – were interpreted as showing that the frontal lobes were the seat of ‘higher intellect’ and civilised conduct. Forming as they do some thirty per cent of the human brain, as compared to about seventeen per cent in chimpanzees, the suggestion that within these lobes lay the higher powers that make us human made intuitive sense.

Enthusiastic bouts of cortical map making followed, with a focus on pinpointing where in the brain things were happening, more than when or how. Early models of the brain thought of it as a collection of specialised units or modules, each almost solely responsible for some particular skill. So if you wanted to find out where a skill was localised in the brain, you usually studied someone who had lost that skill following a brain injury. Broca’s and Harlow’s patients are probably the best-known examples of this. The loss of a particular part of language by Tan and the change in personality shown by Gage ‘localised’ these aspects of human behaviour to the frontal lobes.

In looking for sex differences, neurologists cheerily matched their assumptions about which bits of the brain were the most important to their findings about which bits of the brain were largest in males, even if it meant reversing earlier conclusions. For example, a paper in 1854 reported that women often had more extensive parietal lobes than men, whose brains were characterised by larger frontal lobes, thus earning the former the generic title of Homo parietalis and the latter Homo frontalis.26 However, during a brief fashion for identifying the parietal lobes as the seat of human intellect, neurologists had to quickly back-pedal and report that female parietal lobes had in fact been mismeasured and women actually had larger frontal areas than had previously been thought.27 It was not scientific research’s finest hour.

As the turn of the century approached, declarations of inferiority gave way to references to the ‘complementary’ nature of women’s alternative attributes (as defined, of course, by men). This was a concept that had its roots in eighteenth-century philosophy and ideas that justified the unequal distribution of citizens’ rights. As Londa Schiebinger summarises:


Henceforth, women were not to be viewed merely as inferior to men but as fundamentally different from, and thus incomparable to, men. The private, caring woman emerged as a foil to the public, rational man. As such, women were thought to have their own part to play in the new democracies – as mothers and nurturers.28



The ‘complementary roles’ set aside for women ensured their inferior position in (if not, indeed, their absence from) most spheres of influence. A classic example of this approach is Jean-Jacques Rousseau’s enthusiasm for the ‘domestication’ of woman, her weaker constitution and unique mothering skills rendering her unfit for any kind of education or political activism.29 This was reflected in the opinions of other leading intellectuals such as anthropologist J. McGrigor Allan, who claimed when talking to the Royal Anthropological Institute in 1869:


In reflective power, woman is utterly unable to compete with man; but she possesses a compensating gift in her marvellous faculty of intuition. A woman will (by a power similar to that sort of semi-reason by which animals avoid what is hurtful, and seek what is necessary to their existence) arrive instantaneously at a correct opinion on a subject to which a man cannot attain, save by a long and complicated process of reasoning.30



As well as only being blessed with animal-like semi-reason, women’s inferior biology was also identified as further justification for exclusion from the corridors of power. The vulnerability caused by the demands of their reproductive system was a constant thread in the assertions. McGrigor Allan again, also apparently an expert on the effects of menstruation, declared:


At such times, women are unfit for any great mental or physical labour. They suffer under a languor and depression which disqualify them for thought or action, and render it extremely doubtful how far they can be considered responsible beings while the crisis lasts … Much of the inconsequent conduct of women, their petulance, caprice, and irritability, may be traced directly to this cause … Imagine a woman, at such a time, having it in her power to sign the death-warrant of a rival or a faithless lover!31



The contention of a direct link between biology and brain meant that overtaxing one could damage the other. In 1886, William Withers Moore, then president of the British Medical Association, warned of the dangers of overeducating women, asserting that their reproductive systems would be affected and they would succumb to the disorder ‘anorexia scholastica’, becoming more or less sexless and certainly unmarriageable.32 Although the importance of ‘mate choice’, a keystone of Darwin’s theory of sexual selectivity, was not much in vogue at this time, a woman’s status was certainly closely determined by who she was married to, so diminishing your chances on the marriage market was a significant social threat.

The century came to a close with brain differences still a given, with the added acknowledgement of the fragility and vulnerability of the female. This was helpfully illustrated by the many ‘mad, bad or sad’ heroines in the literature of the time; women like Charlotte Brontë’s Lucy Snowe, the heroine of Villette, George Eliot’s Maggie Tulliver, from The Mill on the Floss, or Catherine Earnshaw, the heroine of Emily Brontë’s Wuthering Heights, were all doomed by their wilful attempts to overturn the natural order of things.33

The birth of imaging

With respect to studying the brain itself, the twentieth century saw a continued focus on the consequences of brain injury, with the ravages of the First World War sadly providing many more case studies. But the models being built were based on the assumption that there is a direct mapping from a particular structure to a particular function, and that you can ‘reverse-map’ what a specific structure does by seeing which function is disrupted when that structure has been damaged. Now we know much more about how different parts of the brain interact with each other and how different networks are being formed and dismantled all the time, it means that we are rarely able to assume a direct connection between a specific brain structure (the hardware) and a specific brain function. Just because a particular skill or piece of behaviour is lost when a particular part of the brain is damaged does not mean that that part of the brain is solely responsible for controlling that particular skill. Unfortunately for us neuroscientists (but fortunately for us brain owners), there is not a neat one-to-one relationship between any one skill and any one part of the brain.

To get a better handle on how the brain supports different behaviours, we need to be able to access an intact healthy brain, to measure what is happening in real time, while the brain’s owner is carrying out the task in which we are interested. Activity in the brain is a mixture of electrical and chemical activity within and between our nerve cells. In non-human animals, or during specific types of brain surgery on human brains, we can see this at the level of single cells, but generally, in the type of cognitive neuroscience research discussed in this book, the activity has to be measured from outside the head, as changes in the electrical status of the cells that make up the brain’s different pathways, in the tiny magnetic fields associated with these electric currents, or in the characteristics of the blood flowing to and from busy areas of the brain. It was the development of technologies that could pick up these tiny biological signals which is the foundation of today’s brain imaging systems.

The first breakthrough in measuring brain activity came in 1924 when the German psychiatrist Hans Berger, by taping small metal discs to the skull, was able to demonstrate patterns of electrical activity that changed depending on whether the person was relaxed, paying attention or carrying out specific tasks.34 Berger showed that the signal he was picking up had varying frequencies and amplitudes, depending on where they were coming from and what the person was doing – the ‘alpha wave’ is most evident when people are alert and paying attention, while the very slow and relatively large ‘delta wave’ is most evident when they are asleep. He called his device the ‘electroencephalogram’.

Electroencephalography or EEG is the oldest human brain imaging technique of all and the basis of much of the early knowledge of brain imaging research. In 1932, a multi-channel ink writing machine was developed which meant that the output of electrodes pasted over different parts of the skull could be transferred onto a moving paper roll and inspected for changes associated with, for example, flashing lights or intermittent sounds.35 These changes could be plotted on millisecond timescales, so were a very good measure of the speed at which things were happening in the brain. But because the electrical signals were distorted by their passage through brain tissue, brain membranes and the skull itself, scientists were not always able to get a reliable picture of where these changes were taking place.

EEG remained the primary source of information about activity in the intact human brain up until the 1970s, when the first positron-emission tomography (PET) system was developed. PET made use of the fact that when activity in a particular part of the brain increases, there is an increase in the amount of blood flowing there. In PET systems, a small amount of a radioactive tracer is injected into the bloodstream; this can flag up the amount of glucose uptake from blood flowing to different parts of the brain, a measure of the amount of activity going on there.36 PET was a much better indicator than EEG of the location of activity in the brain, but the use of radioactive isotopes raised ethical issues, and also limited who could be tested – children and females of childbearing age were generally excluded from research-only projects.

These problems were overcome by functional magnetic resonance imaging (fMRI), which emerged in the 1990s and works in a similar way to PET. Increased brain activity, as well as causing increased glucose uptake, also creates an increased demand for oxygen. As with glucose, this is supplied by more blood flowing to the relevant part of the brain and oxygen being absorbed to supply its needs; as the activity increases then oxygen levels in the brain will change. The changes in oxygen levels in the blood will result in changes in the blood’s magnetic properties. If you put a brain (or, actually, the head of the brain’s owner) in a strong magnetic field, you can measure these blood-oxygen-level-dependent (BOLD) responses. Following a very lengthy and complex chain of statistical analyses, the output of the scanner can be converted to colour-coded patches which are superimposed on a structural scan, usually in the form of a characteristic grey and white horizontal or vertical cross-section of a brain in its skull, producing what appears to be an image of what’s happening inside our heads.37

The first fMRI studies of the human brain promised to provide stunning insights into processes we had previously only been able to guess at.

Size still matters

You might think that the superior technology on offer would have lifted the age-old debate to a higher plane. No more ‘missing five ounces’ or ‘Homo parietalis’ taunts, no more agonising over tiny jaw angles?

Well, I’m afraid you would be disappointed. The ‘blame the brain’ mantra continued unabated and the ‘size matters’ emphasis remained just as evident in the scrutiny of brain imaging data as it was in the days of ‘bumps and buckshot’, with women’s brains still being found wanting. As biologist and gender studies expert Anne Fausto-Sterling has pointed out, this issue is perfectly encapsulated in the ‘corpus callosum wars’.38 I use the term ‘wars’ advisedly here – one recent commentary from a researcher in the area was titled ‘In the Trenches with the Corpus Callosum’.39

The corpus callosum is the bridge of nerve fibres, about ten centimetres long, that connects the right and left halves of the brain; it is the largest white matter structure in the brain, containing the projections from over 200 million nerve cells. It can clearly be seen in cross-section pictures of the brain as something rather like an elongated cashew nut, its even, pale grey shape in easily viewed contrast with the whorls of darker grey matter surrounding it.40

In 1982, American anthropologist Ralph Holloway and his student, Christine DeLacoste-Utansing, a cell biologist, reported finding sex differences in the size of the corpus callosum based on a very small cohort of subjects (fourteen males, five females).41 The difference wasn’t found across the whole corpus callosum, but only in the most posterior part of the brain, which was demonstrated to be wider or ‘more bulbous’ in females. It also wasn’t actually a statistically significant difference, although some follow-up studies did add some additional cases which supported the initial finding. The size of the cohort and the really low level of statistical difference would mean that Holloway and DeLacoste-Utansing’s paper would never have seen the light of day if it had been produced today, yet it has left a lasting legacy in the study of sex differences of the brain.

This tiny thread of a finding has resulted in a veritable tug-of-war between different researchers over the years, and provides a great case study of how finding the answer to what you are looking for in the brain might just be a function of how you ask the question. Multiple studies, of varying cohorts and using different measurement techniques, have been carried out – and a consensus has not yet been reached. Why so, you might ask?

First of all, it might be worth noting that measuring an awkwardly shaped three-dimensional structure buried inside two halves of an even more awkwardly shaped blob of organic matter is not straightforward. Early studies were based on autopsied brains which were neatly dissected into two halves, revealing the cross-section of the corpus callosum. Photos were taken and the resultant images back-projected onto a glass table. These images were then drawn around (yes, by hand) and various measures taken, of the length, the area and the width of the different substructures. Measures of length could be calculated by drawing a straight line from tip to tip, or a curved line, following the shape of the corpus callosum.42 These manual methods have partly been overtaken by automated procedures nowadays, but the basic ‘tracing’ principle remains much the same.

The number of ways these different measures have been put to use in order to make a point about the corpus callosum in relation to sex differences is extraordinary, and alarmingly similar to the way craniology was discussed back in the nineteenth century. For example, an 1870 paper explains a craniology measurement as follows:


The skull is suspended in a horizontal frame by means of two pointed screws, one on each side, which work in fixed supports; and by other screws moving on slides it may be set with any two points on a level. A vertical bar, which can be slipped up and down, slides along the side of the frame, and bears a sliding horizontal bar directed inwards, to which a needle may be attached at right angles if necessary, in either a vertical or longitudinal direction. The frame, the bars, and the needle are all marked off in inches and tenths, and by this means the vertical and horizontal distance of any point on the skull from the place of suspension is easily determined and marked on paper, so that by a series of such points a diagram may be constructed. With the assistance of a sheet of ruled paper such a diagram may be constructed in a few minutes from a series of figures not occupying more than a couple of lines.43



Now let’s compare this with a 2014 explanation of a corpus callosum measurement:


The contours of both corpus callosums were outlined by one rater (M.W.), and the top and bottom edges were defined relative to anterior and posterior end points. The middle line of N’s corpus callosum (i.e. that courses rostro-caudally through the centre of the corpus callosum approximately parallel to its superior and inferior edges) was defined by the Symmetry-Curvature Duality Theorem (Leyton, 1987) and then sectioned into 400 equidistant points, with 400 corresponding points on the top edge and bottom edge. The distance between corresponding points at the top and bottom edges was defined as the thickness of the corpus callosum at that level. The value of the 400 thicknesses were coded in colour and mapped onto N’s left callosal space. The 400 values were averaged and defined as the mean thickness of the corpus callosum, whereas the summed distances between the 400 adjacent points was defined as the length of the middle line of the corpus callosum.44



It doesn’t look as if things have moved on a lot in nearly 150 years, does it? It makes you wonder if we’re just looking at extraordinary attention to detail, or at a rather desperate search for a way of spotting a difference, any difference.

The second lesson to be learned from the corpus callosum wars is that, when you are comparing brains, describing something as ‘bigger’ is not as straightforward as you might think. The key issue is that, on average, men’s brains are bigger than women’s brains, which has implications for all the structures within those brains. A bigger brain has a bigger corpus callosum, as is true of all structures in the brain, including key ones such as the amygdala and the hippocampus, over which similar such wars have been fought (and where the significance of such size differences has similarly been drafted in to support arguments about the ‘natural’ dispositions and abilities of women and men).

To settle such arguments there needs to be an agreed way of ‘correcting’ for differences in brain size. And the devil is in the word ‘agreed’. Early studies took brain weight as a good indication of size and statistically corrected for that; others thought that brain area was more appropriate; later studies thought brain volume was a better variable to control for. But others felt that it was more of a scaling issue, so you needed to report corpus callosum size as a proportion of some aspect of the brain.45 But proportional to what?

Everyone seemed to have a favourite bit of the brain with which they wanted to compare the corpus callosum. And woe betide you if you disagreed with their choice. These types of arguments elicited a rather exasperated rhetorical question from two researchers in the field:


On what basis does a researcher select an organ against which to assess proportionality of the corpus callosum? Brain size seems obvious, but what about the volume of the occipital lobe or the ventricles, the length of the spinal cord, pupil size when dilated, or the volume of the left big toe raised to the 0.667 power?46



In my more irreverent moments, I am reminded of Monty Python’s Life of Brian, where the crowd are exhorted to ‘follow the gourd’ only for a different holy sign to emerge, with the exhortion to ‘follow the shoe’.

But even if some kind of correction consensus could be reached, what might any difference really mean? What does it mean if you have a larger or wider corpus callosum? If the female corpus callosum was different to the male version, how might you link it to the sex differences in behaviour, explanations for which were the point of the exercise in the first place? Very few of these studies actually measured any kind of behavioural differences alongside their motley array of size measurements.

A bigger bridge between the two hemispheres, in theory, must mean greater inter-communication between them. Early neuropsychology studies had proposed that the right side of the brain supported emotional and global processing skills, as these were more likely to be deficient in patients with right hemisphere damage.47 And, as we know from Broca and his followers, the left side of the brain was in charge of language and logic. So, of course, if women generally have a larger corpus callosum, that must be why they are good at spotting the emotional undertones of a conversation, or why they are often able to tell what is going on without someone spelling it out for them (in other words, intuition). Less easy communication between the hemispheres would mean that each could be left to get on with its USP skills; the coolly logical left hemisphere of a male could face the world without distraction from noisy emotional interlopers, while the stunningly efficient spatial abilities of his right hemisphere could be focussed, laser-like, on the task in hand. Hence men’s more efficient callosal filtering mechanism explained their mathematical and scientific genius (with chess brilliance thrown in for good measure), their right to be captains of industry, win Nobel Prizes and so on and on. In this instance, in the ‘size matters’ wars, with respect to the corpus callosum, small is beautiful.

However, as I’ve said before, the fundamental problem with this is that we are still somewhat uncertain about the relationship between the size of any brain structure and the expression of any behaviour with which it might be involved. At a very basic level, we know that the more sensitive the part of our body (for example our lips as opposed to our back), the bigger the area of the sensory cortex dedicated to processing information from that particular body part.48 We know from training studies that areas of the brain associated with particular skills can be shown to increase in size with the acquisition of the skill.49 Quantitatively a correlation, qualitatively an association, but we’re a very long way off modelling any kind of causal relationship. As we will see later in the book, quite often the link between a particular structure and some particular aspect of behaviour is assumed as a ‘given’, possibly without the behaviour itself having been part of any investigation of said structure. Women have wider callosal highways? Well, that is why they are ace multi-taskers! Female right hemispheres crowded with linguistic gossips? No wonder women can’t read maps!

And there is a twenty-first-century issue which will be brought to bear here: what about the brain’s plasticity in all of these arguments about who has the biggest corpus callosum? Bearing in mind that brain pathways can continue developing until the age of about thirty, and that increases in the corpus callosum have been shown until well into adolescence, there is an awful lot of scope for the world to impinge during this time. For example, one study has shown that the transfer rates in corpus callosum nerve fibres are faster in string-playing musicians (where the involvement of the two hands is asymmetrical) than in piano players (symmetrical use of the hands) or in non-musicians.50 So, even if the various factions in the corpus callosum wars agree on what measure they might use, any conclusions about sex differences that might then result would need to take social or experiential factors into account.

The corpus callosum story encapsulates many of the issues surrounding attempts to measure sex differences in the brain. Not only are there intricate arguments about how measurements should be taken, but there are then ensuing disagreements about the origins of any differences that might be found and even more vehement arguments about what those differences might mean. Yet, in the populist ‘sex differences’ literature there are still bald statements that the corpus callosum is bigger in females than males, earnestly cited in continued support for right/left brain myths.51

Another measure that is enthusiastically debated is the ratio of grey matter (GM) to white matter (WM) in the brain, namely the balance between the overall volume of nerve cells in the brain (GM) and the pathways connecting them (WM). A 1999 report of this particular sex difference in the brain, using early structural MRI technology, came from the lab of Ruben and Raquel Gur, whence many such reports have since emanated.52 The results were that females had a higher percentage of GM volume, whereas males had a higher percentage of WM volume. Four subsequent studies corrected for brain volume, as both grey and white matter can be affected by scaling issues, with GM distributed more widely in bigger brains, which additionally would require longer communicating pathways.53 Two studies reported higher grey/white matter ratios in females; two reported no difference between males and females. A later review of this research looked at over 150 studies and concluded that actually males had a higher percentage of overall GM volume (the reverse of the original finding).54 It is also evident that there are marked regional variations across the brain where these sex differences can be found. So this GM/WM measure wouldn’t appear to be a useful way of distinguishing women’s and men’s brains.

That didn’t stand in the way of its continued use as evidence in the ongoing debate. The issue of sex differences in grey and white matter has become another factoid which has morphed into a brain myth in populist literature. A study in 2004 looked at correlations between IQ scores and measures of grey and white matter in brains from twenty-one men and twenty-seven women.55 The researchers reported that men had more significant brain–IQ correlations in their GM (6.5 times more than women, in fact) whereas women had nine times more significant brain–IQ correlations in their WM. There was no real discussion of what these correlations might actually mean, just that these two measures happened to go together. It’s not hard to detect here shades of jaw-juttedness and forehead slopes.

The research was reported in the science press as demonstrating that women’s IQ performance was related to integrating and assimilating information (using more pathways in the brain), whereas men were more locally focussed. Headlines such as ‘Intelligence in men and women is a grey and white matter’ and (of course) ‘Men and women really do think differently’ ensured that this early, small-scale study using a crude and rather mysterious measure of structure–function relationships has been quoted nearly 400 times to date, often in the context of discussions about single-sex schooling or the underrepresentation of women in science.

We have tracked the ‘blame the brain’ campaign down the ages, and seen how diligent was the scientists’ pursuit of those brain differences that would keep women in their place. If a unit of measurement didn’t exist to characterise those inferior female brains, then one must be invented! This measurement frenzy continued in the twentieth century, with imaging techniques clearly more sophisticated than craniometry’s calipers or phrenology’s bumps, but certainly with some of the same kind of debates about what types of measures to use. The whole campaign began with the assertion of differences and the hunt to find them, and this drive continued to motivate research programmes throughout the ensuing decades.

With the dawn of the twentieth century, scientists turned their attention to yet another potential source of evidence of women’s vulnerable biology, their so-called ‘raging hormones’. A whole new search was to begin.




Chapter 2:

Her Raging Hormones






In any discussion about sex differences in human brains and any link to behaviour, a frequently asked question is ‘What about hormones?’ The belief that sex differences in behaviour are as much linked to the action of these chemical messengers as to that of the brain is firmly entrenched in popular biological explanations of our skills, aptitudes, interests and abilities. Financial success (or failure), leadership skills, aggression and even promiscuity have been attributed to men’s high levels of testosterone, whereas women’s nurturing skills, great memory for birthdays and talent for needlework are, apparently, down to their oestrogen levels.1 Indeed, it is claimed that hormones are directly responsible for sex differences in the brain, with the presence or absence of prenatal exposure to testosterone setting brain development on divergent male or female pathways.2

With the discovery of the first hormone at the beginning of the twentieth century, attention became focussed on the chemical control of behaviour, with gonads and glands being measured and manipulated to see how this affected their owners’ behaviour.

It was a Mauritian-French physiologist, Charles-Edouard Brown-Séquard, who was the first to speculate that there were some kinds of chemicals, secreted into the bloodstream, that could control organs at a distance.3 He tested this by putting together a cocktail of ground guinea pig and dog testicles, which he bravely drank himself, subsequently reporting an increased feeling of vitality and mental clarity. Secretin, the first such chemical to be identified, was discovered in 1902 by an English doctor







The menstrual cycle: mean, moody or mythical?
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The hormone factor: cause and effect
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