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Introduction

Sugar and spice
and all things
gender specific!
The knowingness of little girls is hidden underneath their curls.
- Phyllis McGinley1

There’s a boy crisis! This may seem like an odd way to begin a dialogue in
understanding the female brain and neurological development in girls, but in
fact it is a very appropriate way to begin this journey. You see, some thirty or
forty years ago schools were in the midst of a girl crisis. This crisis was brought
to our attention through the work of educators, feminists and feminist scholars who, justiﬁably, let the wider public know that there was a great degree of
inequity in the practice of schooling. In an effort to bring equitable practice to
the forefront of education, a great deal of time, money and effort was used to
enhance educational outcomes and opportunities for girls. Again, it cannot go
understated that this was not only justiﬁable in so many respects but also
a welcome process of introspection, allowing all those concerned with the
educational outcomes of girls to have some measure of institutional change.
Notwithstanding the importance of this bit of education history, one of the
ramiﬁcations of such work has seen it become part of a slippery slope contributing to the apparent crisis that exists for boys in schools in the 21st century.
Advocates looking towards enhancing educational and life outcomes for boys
can often be heard describing the attention given to girls as a contributing
factor to the boy crisis. Consider the following quote published in 2002 by the
Australian government in a report targeting the enhancement of educational
outcomes for boys:
Girls’ education strategies and programs have, as a by-product of their
original purpose, assisted girls through the social and economic changes of the last 20 years. In comparison, over this period, little has been
done to help boys understand and negotiate the same changes.2
Given the above comment obviously carries some measures of diplomacy
and political correctness, the connections between boys failing and girls suc-
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… there does appear
to be a ‘boy crisis’ but let
us not forget that for many
girls there still exist problems in how they experience school, how they
meander through relationships, how they view
themselves and, most importantly, how they develop into healthy and happy
human beings.

ceeding may appear somewhat tacit. Reading between the lines
however suggests that too much attention on girls has resulted in
too little attention on boys – resulting in a ‘boy crisis’. One can
therefore rightfully assume that spending an inordinate amount of
time on boys will ultimately result in a girl crisis, and the pendulum
will continue to swing as long as we continue to measure the success of one gender against the failure of another. What if, however,
we decided to look at how both boys and girls succeed and fail simultaneously? Yes there does appear to be a ‘boy crisis’, but let us
not forget that for many girls there still exist problems in how they
experience school, how they meander through relationships, how
they view themselves and, most importantly, how they develop into
healthy and happy human beings.
In a previous work, I suggested that the crisis that exists for boys
may be due more to our misunderstanding of how a boy’s brain
grows and develops and the implications this has for how a boy
might behave and learn.3 In a similar manner, this volume seeks
to uncover the intricacies and idiosyncrasies of the female brain
that impact on how a girl engages with the world around her, and
how the grey matter between her ears plays a crucial and often
gender speciﬁc role in how she also behaves and learns. Often we
wrongfully assume that all girls are learning and behaving well. This
view tends to be premised on their overt behaviour which, generally speaking, meshes nicely with the contexts of most school
environments. And while there appears to be some measure of a
gender gap in school performance between boys and girls, there is
evidence to suggest that, like boys, many girls are disadvantaged in
various ways within educational contexts. Consequently it would
be very unwise for us to assume all girls are succeeding when the
reality is that education and ‘schooling’ can be problematic for
many girls, and much of this may be attributable to our lack of understanding regarding female neurological development and how
a girl’s brain operates, matures and grows.
Not unlike the aforementioned volume focusing on enhancing the
lives of boys, this book must begin with making some important
acknowledgements while framing the position of this author. This
is purposeful in that we cannot discount the work of so many others who have helped shape our understandings of how a girl grows,
matures and experiences school. Moreover, as a white middle-class
male, I must openly acknowledge that the following pages maintain
some bias and naivety as I attempt to merge neuroscience with
the day-to-day existence of growing up female. I offer a certain perspective and can only hope that as the reader progresses through
each page they bear in mind that the ideas presented have been a
genuine attempt to link what neuroscience is telling us about how
the brain develops, the differences between the male and female
brain, and how we might look to enhance the lives of girls in social
and educational contexts.
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In developing the perspective noted above I have also drawn on
the work of a number of authors and experts across a range of
disciplines to help facilitate a better understanding of the world
that girls experience each and every day. Furthermore, the contributions of experts are coupled with the views of many girls as
provided through my own research work in this area. Hopefully I
am able to do all of these individuals justice in meshing their life
experiences with the important work done by neuroscientists. In
the end, you, as the reader, will be able to make that decision.
It is also signiﬁcant to note that not all girls are the same and the
environment each and every girl grows up in will shape not only
their neurological architecture but also their life chances. Race,
class and culture, among other factors, will impact upon the life
chances and success of girls. That being said, it is beyond the scope
of this work to map out the complex interplay that occurs at the
nexus of race, geography, culture, ethnicity and socio-demographics. Rather, I would like to acknowledge that the experiences of girls
are contextual in nature and heavily inﬂuenced by the realities of
life that they face each and every day. There is an excellent array
of literature available to those who wish to explore the sociological parameters of growing up female and, to its credit, the ﬁeld of
neuroscience is quick to note that nature versus nurture is now a
moot point; the brain inﬂuences how we experience the world and
the world around us inﬂuences our neurology.4

… there is a great deal
of research identifying that
much of the female brain is
designed and in place long
before it interacts with the
world around it. Hard wiring of the brain along gendered lines occurs in utero
and as such a blueprint for
behaviour and learning is
in place very early in the
lives of the girls and young
women around us.

Given the role of the environment one might ask why it is signiﬁcant to look at neuroscience and how the brain develops. After all,
we can have some measure of inﬂuence on the environment but we
can’t really change a brain, can we? To some degree this argument
may seem similar to the age-old dilemma of whether the chicken
came before the egg, however when we look closely at the earliest
stages of brain development there is a great deal of research identifying that much of the female brain is designed and in place long
before it interacts with the world around it. Hard wiring of the brain
along gendered lines occurs in utero and as such a blueprint for
behaviour and learning is in place very early in the lives of the girls
and young women around us. The ﬁrst section of this book looks at
how all of this unfolds and the differences that exist between boys
and girls. Some of this information was presented in a previous volume, so those who have read Boys Stir Us may be inclined to skim
through the initial few pages.5 That being said, the emphasis of this
work looks at the developing female brain, so reviewing previous
information in a new context may prove beneﬁcial.
After looking at the developing female brain this book then looks
to map out the links between the developing brain and ‘growing
up female’. From infancy to adolescence the lives of girls are deeply intertwined with the realities of the world around them and the
physiological and neurological implications of maturation. Historically, however, much of our understanding of girls growing up
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has not been well informed by current understandings of how the
brain changes, how the female brain differs from the male brain
and how all of this can impact on behaviour, learning and overall
growth and development.
The ﬁnal section of this book takes all of the information in the earlier chapters and focuses it on three particular areas – emotions,
relationships and schooling. You will note that I make no speciﬁc
mention regarding cognition and thinking. This is not to say that
these areas are not important, but rather that the research available suggests that the greatest predictors of success and happiness for girls in schools and life in general have direct links to the
emotional and language centres of the brain and how girls mediate
and meander through relationships. Again, I am not suggesting that
all girls are the same, but when you look at the volumes of work
available related to girls a common focus of emotion and relationships continually surfaces. Consequently a neurological look at the
amazing universe that exists between the ears of the girls around
us provides us with a framework for creating social and learning
environments that recognise the intricacies of the developing female brain. Such a look also reminds us that if we are truly serious
about enhancing the social and educational environments we must
take into account the neurological differences that exist between
boys and girls and tend to these simultaneously, stopping the educational pendulum from swinging from one gender to another. So
while there is a ‘boy crisis’, let us remember that for a substantive
portion of the children growing up around us, education and life is
truly a ‘girl thing’.

Introduction: Notes and References
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Chapter Two

The Human Brain:
Imagining the
Unimaginable
… each brain is unique, ever-changing and exquisitely sensitive to its
environment … the whole is bound together in a dynamic system of
systems that does millions of different things in parallel. It is probably
so complex that it will never succeed in comprehending itself. Yet it
never ceases to try.
- Rita Carter1

On the 17th of July 1990, US President George Bush (senior) signed Proclamation 6158, which designated the 1990s as the ‘Decade of the Brain’. This
important presidential statement not only acted as a worldwide catalyst for
the contribution of greater research dollars in neuroscience, but also assisted
in expanding research between neuroscience and other disciplines. Moreover,
not unlike the ﬁrst half of the twentieth century being heralded as the age of
physics, the beginning of the twenty-ﬁrst century became the age of brain-mind
science.2 Psychologists, educators, doctors, therapists and others with professional interests in how the mind works started to delve into a reinvigorated and
growing body of research focusing on how the brain grows, learns and operates. Questions surrounding aspects of mental illness, cognition and learning,
memory, behaviour, emotions and general wellbeing were being teased out
and re-examined due to advancements in technology. Functional brain scanning started to unlock some mysteries of the brain and presented them to the
public in many forms. Indeed, if you were to look at the number of books and
articles produced in the last ﬁfteen years, you would notice that this growth in
reader-friendly explorations into the human mind has arguably surpassed any
other era of brain-related work. Yet after so much writing and research, one of
the most revealing aspects of all the work that has focused on the brain is that
there is so much more to know. As neuroscientist and author Joseph LeDoux
has suggested, imagining the sophisticated nature of the grey matter between
our ears is perhaps entirely unimaginable3 … but we should at least try!
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Some of the most fascinating discoveries have
been found at the cellular
level and have changed
much of what we used
to believe about how the
brain grows and matures.

What is it that makes the brain such a marvel of, and about, humanity? In order to garnish a greater understanding of some of the
amazing aspects of the brain it is best to look at some of the most
recent insights neuroscience has offered. It is important to note
that some of the information presented was not entirely unknown
twenty or thirty years ago, but what once existed in theory has now
been supported by the hard evidence provided through 21st-century technology. For example, neuroscientists had long suspected
that different regions of the brain performed different primary functions. Now, however, they can actually watch the brain at work and
link cerebral structures and activity with human tasks and actions.
Some of the most fascinating discoveries have been found at the
cellular level and have changed much of what we used to believe
about how the brain grows and matures.
Watching the brain at work has truly been one of the most fundamental advancements in the ﬁeld of neuroscience. Using advanced technology in conjunction with new scientiﬁc and medical
procedures has opened a whole new world into understanding the
‘three-pound universe’ that sits between our ears.4 Some of the
most fascinating discoveries have been found at the cellular level
and have changed much of what we used to believe about how
the brain grows and matures. The very fact that I can sit here and
construct words and sentences is a direct result of the microscopic
inner workings of my brain. And, for you the reader, your ability
to interpret and understand these words is a direct by-product of
cellular activity initiated in utero and developed throughout your
respective lifetime.

Brain Development – A Cellular Journey
Not all that long ago, very little was known about early brain development. The complex jungle of interconnected cellular pathways
that originate from a few initial cells, in the early stages of embryonic development, was almost entirely a mystery. In fact, in the 1970s
our collective naivety about the brain was reﬂected by psychologists who would often proclaim that newborn babies could not
think and were merely tiny beings capable of only simple automatic
responses – in essence, carrots that could cry.5 That is certainly not
the case today, as we now know that there is a great deal of neural
activity occurring long before one’s ﬁrst birthday.
The brain begins to produce billions of neurons very early in its
life. Neurons, or nerve cells, differ from other cells in a number
of ways. Perhaps the most intriguing characteristic of neurons and
their impact on neural activity is their structure and ability to transmit information to one another. Primarily composed of a nucleus,
axons and dendrites, neurons have been identiﬁed as the foundation of human behaviour and learning.6 More on their structure and
function later.
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Figure 2.1
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(Adapted from Diamond & Hopson 1999)9

The production of neurons begins about two weeks after conception, and by the seventeenth week of pregnancy the foetus will already have approximately a billion brain cells. The proliferation of
brain cells occurs at a rate of about 50,000 per second and most
of a human’s brain cells are produced between the fourth and seventh months of gestation. In fact, the brain of the foetus will actually produce roughly twice as many neurons as necessary and
will later prune back unused cells, which ensures that a newborn
baby arrives in the world with the best possible chance of having
a healthy brain.7 Interestingly, the brain cells that are produced are
not entirely in the right location. Thus, the early stages of this important time period (about four and a half months into gestation)
also witnesses neurons migrating to different regions of the brain
to form connections (synapses) with other neurons.8 This migration
is facilitated by way of glial cells, which act as a type of supportive
and protective tissue for neurons. By the time a newborn arrives,
however, the distinct regions of the brain are all in place, though
with much growth still to occur. Amidst all of this activity it is therefore important to perhaps rethink what we once understood to be
the pathway towards a healthy pregnancy.
Moreover, an ever-increasing body of research tells us that the foetal environment will have an impact on the formation of personality, tastes and abilities. For example, stress in the mother results in
higher cortisol levels in the bloodstream, and subsequently stress
and higher cortisol levels in an unborn child.
Previous beliefs suggested that once a woman becomes aware of
her pregnancy, she should immediately consider factors such as
diet, smoking, alcohol consumption and the use of medications
and drugs. Given what we now know about the early production of
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Moreover, an ever increasing body of research
tells us that the foetal environment will have an
impact on the formation
of personality, tastes and
abilities. For example,
stress in the mother results
in higher cortisol levels
in the bloodstream, and
subsequently stress and
higher cortisol levels in an
unborn child.

neurons (neurogenesis) and synapses (synaptogenesis) in utero it
is imperative for parents to consider their lifestyle and habits long
before one falls pregnant. The newest body of research tells us that
the possible intake of some chemicals can directly impact on the
developing brain long before the end of the ﬁrst trimester. Moreover, an ever-increasing body of research tells us that the foetal
environment will have an impact on the formation of personality,
tastes and abilities. For example, stress in the mother results in
higher cortisol levels in the bloodstream, and subsequently stress
and higher cortisol levels in an unborn child. Even something as
seemingly insigniﬁcant as garlic in an expectant mother’s amniotic
ﬂuid has been shown to create a situation whereby a child has a
greater disposition to accept garlic in breast milk.10 Assuming that
developing an acquired taste for garlic is a fairly non-threatening
proposition, the same cannot be said for alcohol, some medications and illicit drugs.
In terms of family planning, what this means is that once the decision to become pregnant has been made it is probably best to
avoid any and all of these substances, as they can be more mindaltering for the unborn foetus than they are for the mother. Furthermore, for individuals whose news of an impending new life is a surprise, the immediate halt of any of these substances is warranted.
For those who are sceptical, surely the development and growth
of healthy neurons and neural connections should be motivation
enough to diligently watch what is introduced into the environment
of the developing foetus.
While a foetus matures, and as neurons continue to grow and
connect, the importance of their overall structures and how they
function becomes more apparent. Neurons seem to ‘communicate’ with one another through electro-chemical signals. This communication occurs when there is some measure of a response to
environmental stimuli and messages are sent from one neuron to
the other. This simple explanation does not adequately justify the
multifarious nature of this transference of information when you
consider that:
1. At birth we have billions of neurons actively engaging with one
another to form quadrillions of connections to ensure optimal
neural connectivity.
2. The dendrites of a neuron will grow and multiply like the roots
of a tree, if adequately stimulated, and pass information to
other neurons.
3. The axon terminals of one neuron do not have any measure
of physical contact with the dendrites of another neuron, but
transfer information via electro-chemical impulses.
Given these facts, neuroscientists would generally agree that they
have only begun to understand the complexity surrounding neurons and synaptic activity, and that as each day progresses newer
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information about the brain is made available. For example, only
a couple of years ago it was estimated that an adult human brain
maintained about 100 billion neurons, but the latest research suggests that the actual ﬁgure is closer to 25 billion.11 However, although each day brings new insights, what the research has told
us thus far is important for those parents and teachers interested
in understanding how the brain grows, operates and matures. It is
therefore timely to examine this information in some greater detail.
There are different types of neurons but, generally speaking, when
looking at a neuron it resembles a bulb (nucleus) with sprouting roots
or branches (dendrites) and a tail-like structure (axon). The dendrites
actually act as antennae, receiving information from other neurons,
which in turn is passed via an electrical impulse through the axon,
across a small gap known as a ‘synapse’, all with the assistance of
important chemical messengers or ‘neurotransmitters’.12
Figure 2.2

(Edited from Balog 2003)13

Synaptic transmission occurs when our senses receive information
from the environment around us and ask the brain to respond accordingly. Fortunately, we are not even aware of the plethora of
information our senses take in every minute, as much of this stimuli
is ﬁltered and unattended to. If this was not the case, and if our
brains were not as sophisticated as they are, we would literally lose
our mind.
Synaptic transmission of information is the primary catalyst for
developing long-term hard-wired neural circuits, and for many researchers in this ﬁeld it epitomises the act of ‘learning’. As our
brains respond to the environment, they lay down neural connections that, over time and through repetition, may become ‘hardwired’ pathways to behaving in a certain way. Those connections
that are not used repeatedly appear to be discarded or ‘pruned’
© 2008 Hawker Brownlow Education • HB6688
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