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Part One

In Theory



Chapter 1

Genetics, Schools, and
Learning

The science of genetics is changing our world at an ever-increasing
pace. We can now analyze and modify DNA to test for serious
illnesses and treat them before they become life-threatening, to
catch criminals and exonerate the innocent, and to create energy
sources that will protect our planet. Geneticists have cast their nets
far and wide to influence and inform medicine and public health,
agriculture, energy and the environment, law, and social policy.
Education, however, is glaringly absent from this list, and schools
remain untouched by the lessons of genetics. This, we believe,
needs to change.

One way of helping each and every child to fulfill their academic
potential is to harness the lessons of genetic research. We now
know a great deal – though not by any means everything – about
the ways that genes influence learning, and about how children’s
DNA interacts with their experiences at home and school. It’s time
for educationalists and policy makers to sit down with geneticists to
apply these findings to educational practice. It will make for better
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4 Genetics, Schools, and Learning

schools, thriving children, and, in the long run, a more fulfilled and
effective population. That’s what we want schools and education
to achieve, isn’t it?

The Aims and Assumptions of Education

Like most areas of public policy, education is a hotbed of disagree-
ments and competing philosophies. Fundamentally, however, we
can all agree that education should give everybody the basic tools
they need to function in society. In most of the world right now
these tools, or skills, consist of reading, writing, arithmetic, and
an ability to interact with digital technologies. We can probably
identify a secondary aim: only the most extreme libertarian would
object to the notion that societies should benefit in tangible ways
from providing education to their citizens. A recent OECD report
for instance claimed that if all OECD countries could equal the
average educational performance of the Finns the combined finan-
cial gain over the course of a single generation, the generation born
in 2010, would be $115 trillion. By 2090 the gain would increase
to $260 trillion. Both the United States and the United Kingdom
would be among the nations to gain most in these economic terms,
along with Mexico, Turkey, Italy, Germany, Spain and France. It
is noteworthy that the Finnish education system puts a particularly
high premium on basic skills and has a comparatively small gap
between its most and least able pupils. Of course, education should
not restrict itself to these two aims: the first is the bare minimum
to which a society, a school, or a teacher should aspire, and the
second is a by-product of the first. If these aims are not achieved
then we may have icing but we have no cake.

The simple aims of learning to read, write, calculate, and use
a computer are achievable by virtually every member of society
regardless of their IQ. If even one child (not including those with
profound disabilities but including those with, for instance, mild
and moderate learning, emotional, or behavioral difficulties) leaves
school without achieving an acceptable level of competence in these
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skills, then their school and the education system supporting it have
failed them. This is entirely unacceptable.

Sadly these aims are not always met: young people sometimes do
leave school insufficiently literate and numerate even after 11 years
(15,000 hours) of full-time education. The prospect of these young
people becoming happy, fulfilled, and useful members of society is
bleak. When this happens everybody blames everybody else, with
excuses running from fractured societies through inner city schools
with jaded teachers, unsupportive parents, low ability, and poor
behavior . . . impossible kids in impossible circumstances basically.
This is a cop-out. There is something far more fundamental going
on. The entire education system is predicated on the belief that
children are “blank slates.” Behavioral genetics tells us that this
is wrong.

This theory of education (and of human life in general) says that
children are all born the same, with exactly the same potential, and
become the product of their experiences. They are blank slates to be
written upon by families, schools, and society. Many people believe
that if their children behave well it is because they bring them up
well; that if they are successful in school it is because they have
excellent teachers and supportive parents. Conversely, they believe
that if children play truant or display antisocial behavior their
parents and teachers are at fault and should be held responsible,
to the extent, in the case of parents, of being sentenced to terms
of imprisonment. At a less extreme level this belief causes people
doing a perfectly decent job of bringing up their children to torture
themselves. Is he anxious because I mollycoddle him? Is she bossy
because I give her too much attention? Is she two reading levels
behind the neighbor’s son because I didn’t get her into the popular
and over-subscribed school down the road? Should I have arranged
a tutor to prepare him for selective school entrance exams? This
kind of environmental determinism has become the norm, with all
of the smugness and censure that it inevitably entails.

However, if you ask any parent of more than one child whether
their babies were blank slates at birth or whether each child
arrived with their own bundle of obvious traits – namely their
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temperament, appetites, needs, and preferences – you will hear
the same reply. They were individuals from the moment they
were born. If we took all babies from their families at birth and
raised them in identical, government-sponsored rearing camps they
would not resemble each other much more than they do now
on school entry, and the resemblance would fade further as they
grew and developed. People sometimes assume that environmental
influence becomes more important as we develop and accumulate
experiences. However, for traits such as cognitive development
the reverse appears to be true. Genetic influence increases over
time until, in later life, cognitive ability is almost as heritable
as height.

The fact that individual differences are influenced by genes makes
a lie of the blank slate philosophy. This in turn means that “more
of the same” is unlikely to be the correct approach for children
who are failing to stock up their toolkit of basic skills through
ordinary means. A child who is not learning in the usual way can
almost always be helped to learn, but their teachers may have to
think outside the box and use their knowledge and experience of
teaching and of the individual child to find the right buttons to
push. They also need to be supported by policies that allow them
to work this way.

To provide all children with a basic toolkit for life it is undoubt-
edly true that one vital focus of any education system has to be on
making sure no child is left behind. Such a simple, clear aim has
simple, clear policy implications: target resources at the children
who struggle to equip themselves with basic academic tools and
help them by whatever means work for them as individuals. The
first funding priority for education should be to provide what-
ever is required to give every child enough facility with words,
numbers, and computers to be able to live an independent life in
the twenty-first century. Extra funding must be provided to help
those children who struggle to meet these standards before they
leave school, whatever the reason for their failure to progress. This
may be one way in which we can start to tackle the challenge of
improving social mobility in nations such as the United States and
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the United Kingdom. An emphasis on supporting those who need
support to learn the basics is just a starting point, however.

In societies where education is freely available and compulsory
for all children, pupils can be differentiated by the way in which
they respond to instruction. The ability to learn from teachers
is, we know, influenced more by genes than by experience. The
influence of school on differences between children in how well
they achieve is likely to be larger in societies where the availability
of formal education is unequal. It is understandable, then, that in
developed nations we find higher estimates of genetic influence,
and lower estimates of the impact of schooling, on individual
differences in achievement. If access to education is the same for
everybody it cannot explain the differences between individuals.
Formal education, standardized to be the same in all classrooms,
can form the bedrock on which the bell curve of ability and
achievement is based. It can influence whether a group has a high
or a low average score but it does not influence how well individuals
perform in relation to each other. This is where genes really matter,
and this is where the biggest differences exist.

These are important issues, not least at a time when the world is
working hard to bring education to every child. Under UNESCO’s
leadership most countries have committed to achieving universal
enrolment in primary education by 2015, and in many countries
the commitment is to make enrolment compulsory rather than
optional. As a combined result of population growth and the
proliferation of compulsory education, UNESCO estimates that
over the next 30 years more people will receive a formal education
than in the entirety of human history. Even though the 2015 target
looks unlikely to be met in full this is a remarkable, wonderful
achievement, and those who have found ways to bring educational
opportunity to children of all backgrounds, in distant, poor,
rural locations where the obstacles must seem insurmountable
deserve the world’s admiration and appreciation. But this advent
of universal education has to come with an acceptance that by
creating equal educational opportunities we put nature, in the
form of genetic inheritance, back in the driving seat. By providing
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education to all children we create a situation in which their genes
are the single biggest influence on how well, relative to others, they
do in school. Universal education increases average performance
but also highlights individual differences. This, if the first aim of
education is genuinely met, seems, at worst, a small price to pay.
At best, it offers the chance to select the best color and texture of
icing for each and every child’s educational cake. It allows schools
to help their pupils become the best that they can be.

The school system has a responsibility to equip young people
with the tools they need to live independently in society; there will
also be social and economic benefits to developing a workforce
and a citizenry with close to 100% literacy, numeracy, and under-
standing of digital technologies. Arguably, education could stop
there. However, in a country with the resources and the will to take
it further, the fact of genetically influenced individual differences
begins to come into play for everyone, not just those who strug-
gled to fill their basic toolkits. Once pupils have been equipped
with the basic skills they need to function effectively in the world,
the focus must switch to drawing out individual potential. In this
way schools can promote individual fulfillment and achievement,
and prepare cohorts of young people who know their talents and
have been educated to use them. Society will surely benefit from
generation after generation of young people with a firm grasp of
core skills underpinning a wide range of specialist abilities and
interests. We would predict positive impacts on health, law and
order, employment, and the economy.

Diverse Opportunities to Draw
Out Individual Potential

Everyone knows that some children have an aptitude and a taste
for traditional academic work. Both qualities are influenced – but
not determined – by genes. These pupils are the easiest for schools
to handle, and they tend to do well in the current system. They are
also the pupils that selective schools pick out and whose successes
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are then claimed by the schools to be the result of a superior
education. Current policies and the “blank slate” philosophy hold
up these children as models. They suggest that if we work harder
then all children can be made to fit this mold. As a result, cur-
rent approaches push nonacademic children to become mediocre
generalists regardless of their natural abilities, interests, hopes, and
dreams. This is one of the ways in which current educational poli-
cies and practices need to be changed – and genetics can suggest
changes that might have a positive impact.

A society that recognizes and rewards a wide variety of skills
and talents is likely to reap benefits. As children we are taught that
the loops, swirls, and whorls on our fingertips make us unique; for
most children this knowledge is a source of wonder and delight.
Uniqueness is wonderful and delightful. But the current education
system too often tries to suppress this uniqueness and turn out
young people who are the same as everyone else. Square pegs in
round holes. Even the most basic understanding of genetics tells
us that schools would serve their pupils – and society – better by
developing their unique talents and interests; by finding methods of
teaching that allow Sam to be Sam and Sarah to be Sarah and help
both of them to become fully functioning citizens of the worlds they
choose to inhabit. A more detailed understanding of the way that
genes and environments interact suggests that breadth of choice is
the key – and we’ll explain why later in the book.

In other words, once the basics have been instilled, a higher-level
purpose of education should be to draw out the potential within
a child and to support each child by nurturing that potential. This
“drawing out” is the meaning of the Latin educere, from which
the word education is derived. Enabling a child to recognize his
or her abilities and to develop a love of learning is a powerful
responsibility and will call upon all of the intelligence, sensitivity,
and expert knowledge that the best teachers have. Teachers need
to be experts in child development too, with strong personal and
communication skills that allow them to connect with individual
pupils, understand their needs and desires, and nurture them in the
appropriate way. It helps when teaching is a respected profession
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and when teacher training is competitive and attracts large numbers
of high-caliber graduates. It helps, too, when these high-caliber
teachers are trusted to get on with teaching in the way that works
best for them and their students.

DNA in the Classroom

What we have described above is a system of personalized
learning – one that develops basic skills but also draws out and nur-
tures individual talents and abilities. The genetics of behavior can
inform our thinking about how to make such a system a reality (skip
to Chapters 13 and 14 if you want to see us try). The key is under-
standing the interplay between DNA (your genetic make-up or
genotype) and the learning environment. In particular, we will draw
on our knowledge of a process called genotype–environment cor-
relation. There are three main types of correlation to note. The first
is a passive genotype–environment correlation. This is the process
whereby, for example, low-achieving parents with low aspirations
pass on not only their genes but also an educationally unstimulating
rearing environment to their children. Secondly, there is an evoca-
tive genotype–environment correlation. This is where children
evoke certain behaviors on the basis of their genetic propensities.
It is easy to see how this could be an important feature of person-
alized learning. If a teacher sees that a child is naturally quick with
numbers they may offer more opportunities to that child to develop
their mathematical skills and knowledge and keep pushing them
forward regardless of what is expected of them on the basis of age
alone. The same could be true for a fast runner, a child who is gifted
with words, or a child with strong leadership or interpersonal skills.
Teachers with the sensitivity (and time) to notice the strengths – and
weaknesses – within an individual child, and to respond accord-
ingly, offer those children an excellent chance of fulfilling their
natural potential. Thirdly, there are active genotype–environment
correlations. Here, children actively seek out experiences and
opportunities on the basis of their genetic propensities. They are
naturally drawn to the people and activities that suit them. In a
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classroom offering genuinely personalized learning children would
be free to do this – like plants reaching for sun and water – and
they would not be expected to put these urges to one side in order
to conform to a rigorously planned timetable, apart from those
lessons focused on teaching the essential basic skills.

Research into all three types of genotype–environment correla-
tion shows us that sensitivity to genetically influenced differences
between children represents the most promising means available to
schools and teachers who wish to offer a genuinely personalized
education. As well as sufficiently sensitive and skilled teaching and
a classroom designed to foster creativity and personal develop-
ment, the key to making this work is an understanding of genetics
and the degree to which different behaviors are inherited. To this
end genetics education should form a core part of all teacher
training.

In Summary . . .

The primary aim of education is to furnish each and every child
with a basic toolkit of literacy, numeracy, and technological skills,
to the benefit of the children themselves and society at large. Any
education system that allows a child to leave school without these
skills has failed. Genetics tells us that some children will, by their
very nature, find the acquisition of these basic skills difficult and
that they should be provided with personalized support to what-
ever extent is necessary to enable them to acquire an adequate
toolkit of skills. Where education goes beyond this basic training it
needs to accept and embrace pupils’ individual differences, recog-
nizing that they are not blank slates. By personalizing education,
schools, through embracing the process of genotype–environment
correlation, should draw out natural ability and build individual
education plans for every single child, based on pupils’ specific
abilities and interests rather than on arbitrary hoops set in place
by partisan, vote-courting governments.

Geneticists can help make these educational aims more achiev-
able. Our evidence makes it crystal clear that treating children as
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blank slates or empty vessels, using a factory model of school-
ing, and arbitrarily imposing the same targets for everyone are
approaches that work against, rather than with, natural child
development. Our schools and our educational policies will be
improved if they are designed to respond to naturally occurring
individual differences in ability and development. This is what the
best teachers already try to do in their classrooms: thousands of
teachers have told us that they know nature is at least as important
an influence as nurture on ability and achievement (Walker and
Plomin, 2005). However, great swathes of education policy mili-
tate against taking genetics into account, fostering herding methods
and making personalization virtually impossible.

As we said at the beginning, it’s time for this situation to change.
It’s time for geneticists to sit down with educationalists and policy
makers. It’s the right time because we now know just about
enough to begin to make a positive difference. We also need to be
prepared for the genetic advances that are just round the corner.
The technology will soon be available, for example, to use DNA
“chips” to predict strengths and weaknesses for individual pupils
and to use this information to put personalized strategies in place
for them. The same technology is already used in heart medicine
and immunology; it’s only a matter of time before it can be adapted
for education. But even harnessing the current power of behavioral
genetics will undoubtedly improve the way we educate our children.
In Part One of this book, we will present the evidence for that claim,
and in Part Two we will make tentative suggestions – tentative
because they need to be tested and an evidence base established
before they become formal policy recommendations – for making
it a reality. In the next chapter we’ll start by explaining how
behavioral geneticists know what they know.
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Chapter 2

How We Know
What We Know

We are psychologists and behavioral geneticists working on the
Twins’ Early Development Study (TEDS).1 All of the twins born
in the England and Wales between 1994 and 1996 were invited
to join TEDS, and we have been following the thousands of pairs
whose parents chose to sign up ever since. These families make
TEDS’ contribution to an ongoing international effort to untangle
genetic and environmental influences on learning possible. We are
forever grateful to them for their support.

Our building houses a large basement laboratory where scien-
tists, mainly biologists and biochemists, work with genetic material
at a molecular level. The remaining three floors of the building are
populated by psychologists, medics, epidemiologists, bioinformati-
cians, statisticians, project managers, data managers, and a wide
range of support staff. Some teams use samples of twins; others

1 Robert set up TEDS at the SGDP Centre, King’s College London almost two decades
ago, and Kathryn has been a researcher and collaborator on the study since 2000.
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adoptees and their families; some the children of twins; and still
others stepfamilies. Our studies can involve bringing participants
into the center to observe and test them; communicating using tele-
phones and the Internet; or going to families’ homes. Sometimes
we just talk to the participants in our studies, sometimes we test
what they can do, and sometimes we take samples of their DNA or
ask them to take part in neuroimaging studies. Everybody in our
building, and everything we do, is aimed at gaining a better under-
standing of the workings of nature and nurture and the interplay
between them.

In this chapter we focus briefly on how twin studies work,
partly because our own research uses twins and partly because it
is the research design that has been used most commonly around
the world in genetically sensitive educational research. We also
describe game-changing developments in DNA sequencing. We
hope that this background information will give you a sense of
how we arrived at the findings described in the rest of this book,
and the possibilities for future developments combining techniques
drawn from both genetics and education.

Twins: A Natural Experiment

The twin study is the most popular research design in behavioral
genetics. By studying the differences between identical and non-
identical twins it is possible to untangle nature and nurture in a
way that is meaningful for all of us. Over the last 18 years the
TEDS twins and their families have generously provided us with
the information that underpins many of the research findings and
ideas we discuss in this book. So, what is it about twins that make
them so interesting to geneticists?

Well, the basic answer is that identical (monozygotic; MZ)
twins share 100% of their genes, whereas fraternal (dizygotic;
DZ) twins share 50% of their genes. Twins are a unique and
important natural experiment. By measuring whether MZ twins
are more similar than DZ twins on any human behavioral trait we
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can estimate the degree to which that trait is influenced by genes.
We use twins to estimate how much of the difference between
people on traits ranging from obesity to psychopathy to academic
achievement is due to genetic influence (heritability); how much to
shared environmental effects arising from, say, a shared home and
family environment (traditional nurture); and how much to the
effects of unique experiences not shared with others in the family,
such as accidents, friendships and good old-fashioned lucky breaks.

We calculate the heritability of a particular behavior by compar-
ing how similar identical twins are with how similar nonidentical
twins are. If MZ twins are more similar than DZ twins we accept
this as evidence of genetic influence, because the defining difference
between the two groups is the fact that that identical twins are
genetically more alike than nonidentical twins. We use correlation
to define similarity. If twins correlate 1.00 we can deduce that
there are no differences between them; they are exactly the same as
each other. If they correlate 0.00 we can deduce that there are no
similarities. Understandably the actual correlation almost always
falls somewhere between these two extremes. If MZ twins correlate
0.75 on a particular behavior, say shyness, and DZ twins corre-
late 0.50, we double the difference between the two correlations
(2 × 0.25) and estimate the heritability of shyness as 50%. This
leaves the remaining 50% to be explained by the environment that
children are growing up in.

Behavioral geneticists divide nurture or environment into two
chunks. We call the first “shared environment” (SE) and the second
“nonshared environment” (NSE). Shared environment represents
nongenetic influences that affect children growing up in the same
family in the same way. These might include the shared effects of a
particular home or neighborhood, school, diet, access to TV or the
Internet, pocket money, parents’ relationship, parents’ education,
family income, a piano or books in the home, or a shared family
pet. Anything that exists for both twins in a pair (or for non-twin
siblings growing up together), and is experienced in the same way
by them, is a shared environmental influence. This is the branch
of nurture that has typically been credited with either making us
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great or screwing us up. For a wonderful account of the evidence
against this Philip Larkinesque world view (“They fuck you up,
your mum and dad”) see The Nurture Assumption by Judith
Rich Harris (Harris, 1999). Harris argues that, apart from passing
on their genes, parents have little effect on how their children
turn out. Their impact is largely restricted to the quality of their
relationship with their children, and of the children’s memories of
growing up. She claims that peers rather than parents are likely
to be a stronger environmental influence on the way that children
develop into adults. The peers hypothesis awaits further proof, but
a growing body of research confirms that the environments that
cause differences between us are those that are not experienced in
the same way by siblings growing up together.

The difference between the MZ correlation and 1.00 repre-
sents our estimate of nonshared environmental influence (NSE),
experiences that are unique to the individual. Experiences can be
objectively nonshared, that is, one twin could slip on ice and break
a leg whereas the other does not. One could get the last available
spot in the school swim team on a day when the other is at home
with flu. They could choose or be chosen by different best friends,
be in different classes or, individually, be in the right or wrong
place at the right or wrong time. Over the years nonshared expe-
riences small and large will contribute to making identical twins
into increasingly different people. The same set of DNA travels
along two divergent paths of experience, making identical twins
ever more different as a result. Perceived or subjective nonshared
environment is also recognized as important to development. So,
for example, if the parents of twins divorce it is possible, perhaps
even likely, that the two children will experience that divorce dif-
ferently from each other, even if they are identical twins. One may
have been closer to the parent who is leaving the family home;
one may have overheard a particularly nasty argument; one may
be more sensitive to change than the other or be going through a
difficult experience at school at the same time. In this way an objec-
tively shared event is transformed into a nonshared experience; the
same divorce is different for each child. Later in the book we will
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describe studies that show that identical twins do, in fact, perceive
the world differently from each other. In particular, in Chapter 9
we will show that they experience school differently, even when
they are in the same class and are taught by the same teacher.

In summary, we use evidence from twins to estimate the relative
influences of genes, shared, and nonshared environment on the
differences between people on any given trait. Once we have this
information we can search for the actual genes and the actual
experiences involved, always aiming to learn how to use them
to maximize individual potential and fulfillment. We have had
sufficient success in this regard to begin to develop an understanding
of how to use individualized genetic and environmental information
to help all children to learn as effectively as possible.

DNA Sequencing

Once upon a time everybody thought that if we could just unravel
our DNA and get a really good, close look at it we would be able to
find the gene for math, the gene for writing, the gene for long legs,
and the gene for a dazzling white smile. Well, the genome has been
sequenced now and that’s not quite how things have played out.
What has emerged from molecular genetics is that most human
attributes are influenced by a combination of many genes, and that
the individual genes involved each have a small effect, making them
exceedingly difficult to find. In spite of this unforeseen challenge,
progress is still being made towards identifying genes that influence
learning ability and school achievement, and new technology that
will make progress even faster is emerging. The most exciting new
directions ahead of us involve learning to use the new tools of
molecular genetics to identify the genes that influence learning
abilities and learning difficulties, and harnessing the results of this
research to make a positive, practical difference to education.

The Human Genome Project was completed in 2003, exactly
50 years after the discovery of the structure and function of
DNA (Watson and Crick, 1953). It required the effort of 2000
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researchers and cost $3 billion. It stands as testimony to the speed
of technological innovation in molecular genetics that one decade
later we can now sequence the genome of an individual in just
a few hours for less than $20,000. It is expected that the cost
will decrease even further, to less than $10,000, within just a
few years. As the technology advances, whole-genome sequencing
will become ever-faster and ever more affordable, and in doing
so will have a monumental impact on the world.

As the cost of DNA sequencing continues to plummet we will
enter an era in which the entire sequence of the genome will be
known for many individuals, raising new questions about who we
are and how we live as individuals and as a species. Some members
of the genomics community have predicted that whole-genome
sequencing will be a standard part of medicine in the next few
years. For instance Francis Collins, Director of the US National
Institutes of Health, and former Director of the Human Genome
Project, has written: “I am almost certain . . . that whole-genome
sequencing will become part of newborn screening in the next few
years . . . It is likely that within a few decades people will look
back on our current circumstances with a sense of disbelief that
we screened for so few conditions.”(Collins, 2010, p. 50.) Such
screening is not yet possible but Collins’ prediction is a realistic
one. Its implications – practical, ethical, moral, legal, political, and
educational – are immense and merit serious consideration.

In the meantime, while the cost of whole-genome sequencing
is still relatively prohibitive, researchers use DNA arrays (“gene
chips”), tiny devices capable of genotyping one million DNA vari-
ants at a time. These allow us to focus on the bits of DNA that
vary between us. All of humanity shares 95% of its DNA (to put
this into context we also share more than half of our DNA with
bananas). The remaining 5% lies at the heart of behavioral genetics
and explains the heritability of differences between people. DNA
arrays became commercially available in 2000 and can genotype
millions of DNA variants quickly and inexpensively. One of the
many strengths of “gene chips” is that they can be customized.
We already have CardioChip, a microarray for DNA variants
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known to be related to cardiovascular function; and ImmunoChip
for immunological dysfunction. Eventually we will have a Learn-
ing Chip, a reliable genetic predictor of the heritable differences
between children in terms of their cognitive ability and academic
achievement. How would we want to use such a chip? What advan-
tages and what potentially problematic issues would its existence
create? It’s time to start asking – and answering – these questions,
and we will begin to do so in Chapter 14, although a huge amount
of scientific and public debate is needed to resolve them responsi-
bly. Specialist DNA arrays are expensive to produce, but they could
prove highly cost-effective if researchers and policy makers collab-
orated in finding ways to use them to design genetically sensitive
interventions that could support at-risk children, perhaps to the
extent of preventing some learning problems from ever emerging.

In the last few years genome-wide association studies have rev-
olutionized our attempts to find the DNA variation responsible
for the heritability of a wide range of medical conditions, educa-
tional outcomes, and common behavioral traits (Hirschhorn and
Daly, 2005). Because common human traits are now accepted to
be influenced by many genes, each of small effect, the capacity to
scan the entire genome for any or all DNA variants associated with
them has facilitated huge leaps forward in genetic research. It will
almost certainly speed up the process of applying basic science to
aspects of everyday life including education. We need to be ready
for the changes that lie ahead.
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Chapter 3

The 3Rs: Reading, wRiting . . .

Watching young children learn to read is magical. Witnessing them
gradually decode the unfamiliar symbols on the page in front of
them and, over time, put them together and transform them into the
stories and information that they represent is a moving experience
for a parent. The first time your child pads up behind you as you sit
“working” at your computer and haltingly sounds out “Amazon”
or “Google” you overflow with pride and sheer wonder. How did
they do it? How did they ever figure it out? (Can they tell you’re not
really working?) Watching them concentrate, eyebrows furrowed,
as they pick up a book and read alone for pleasure for the first
time is inspiring. We see through new eyes an activity that most
of us conduct on automatic pilot. It’s like watching them hop into
the car, find biting point, check the rear view mirror, and drive off
down the road . . . except more impressive (most of us would find
driving lessons easier than a course of advanced code-cracking,
which is what learning to read involves).

G is for Genes: The Impact of Genetics on Education and Achievement, First Edition.
Kathryn Asbury and Robert Plomin.
© 2014 John Wiley & Sons, Inc. Published 2014 by John Wiley & Sons, Inc.
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We like to think of ourselves as a highly evolved species, but one
of the most interesting facts about reading is that it is too recent a
development in our evolutionary history to be innate. We are not
born with a reading instinct; if we were not taught, we would never
learn to read. Reading is an environmentally triggered skill, which
natural selection may well favor over time, but it is not a part of
our nature. And yet our research shows that genes can in large part
account for the differences between children in how well they can
read. How can this be? How can evolutionary theory predict that
reading ability (or disability) is not genetic when behavioral genetic
research tells us that it is? To solve the conundrum, you need to
consider the combination of skills that help us to learn to read.
The following factors are all implicated (but not all are necessary,
as the fact that blind and deaf children can become highly skilled
readers amply demonstrates).

We need the ability to see and the ability to hear, as our earliest
teachers point to letters and tell us how they sound. We need to be
able to make a mental link between sounds (phonemes) and their
physical presentation on the page (graphemes). Once we can recog-
nize individual sounds we must learn how to blend them. When we
can blend sufficiently well we need to comprehend what the sounds
grouped into words and sentences actually mean so that f-l-o-w-e-r
connects with our visual sense and our imagination to create a
mental image of something with petals and a stem. In some young
minds the flower will be a daisy, in others a rose, in some a line
drawing, in others a photograph or a memory. But the graphemes
and phonemes involved in f-l-o-w-e-r should, in the mind of a child
who has learnt to read them, inspire a flower to grow.

To see, to hear, to make connections, and to imagine. Reading
is not the primary purpose of any of these skills. They are naturally
occurring abilities, shaped by life experiences, which are important
to survival. Rather, reading is a social construct that puts these
abilities to an amazing and innovative new use, like putting wood
and friction together and creating fire. That is why reading is
heritable, because it is an ability of many parts, most of which
are subject to some genetic influence. And it is also the reason
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why labeling and solving the problems that some children and
adults have with learning to read is particularly difficult. Is the
obstacle to be found in the visual system, the auditory system,
neural circuitry, cognitive building blocks, DNA, personality, the
home environment, the school environment, all of the above, or
somewhere else instead?

From DNA to ABC

Reading is the academic ability that has received most attention
from behavioral genetic researchers (Olson, 2007). This is partly
because it is easier to measure than some other abilities but also
because reading is something of a sacred cow in our culture. A child
who struggles with science, sport, history, music, or even mathe-
matics tends not to inspire the same panic as a child who struggles
with learning to read, although there are some documented cultural
differences in this regard. Adults in some countries, for instance,
would feel just as embarrassed about having to admit they were not
good with numbers as they would about admitting they couldn’t
read very well.

Reading ability is distributed normally – a classic bell curve.
That is, most people cluster around average ability, with a small
proportion excelling and a small proportion struggling. Our ability
to read is heavily influenced by our genes: estimates of heritability
tend to hover between 60 and 80%. This means that a significant
proportion of the differences between individuals in how well they
can read can be explained by genetic influence, leaving as little as
20% to be explained by the environment in some studies (Kovas,
Haworth, Dale, and Plomin, 2007; Wilcutt et al., 2010). Similar
results have recently been reported from China, in spite of the very
different orthography of Chinese (Chow et al., 2011).

Researchers have also begun to find particular genes which
might be associated with reading ability, but even if these findings
are replicated each of them can only account for a tiny proportion
of the differences between people in how well they can read.



The 3Rs: Reading, wRiting . . . 25

This well-documented pattern ties in with something known as the
Quantitative Trait Loci (QTL) hypothesis, which is based on a huge
amount of supporting data. The QTL hypothesis proposes that,
apart from a group of mainly rare and severe single-gene disorders,
all common human traits are influenced by many genes and each
gene has only a tiny effect. This is different from what we originally
expected and very different from what the press often reports. It
means there is not, and will never be, a single language gene, ADHD
gene, cancer gene, or football gene. The genes that influence most of
what we do are common variants rather than rare mutations. They
are carried by great swathes of the population, by people at every
point on the normal distribution. They combine to influence our
thoughts, our behavior, and how society labels us. Rich man, poor
man, beggar man, thief? Dyslexic, gifted, antisocial, shy? Together,
in concert with each other and with environmental influences, they
position people on a continuous spectrum of whatever human trait
is being measured, a bell curve of ability, health, or happiness.

One major consequence of this is that we begin to see the
abnormal as normal. That is, those at the extremes of ability,
health, and happiness (the “abnormal”) are not usually genetically
distinct from everybody else. People with mild learning difficulties
and physical or mental health problems are usually on the same
bell curve as everyone else, and are usually affected by the same
genes as everyone else too. What has commonly been referred to as
disorder or disability (abnormality) is usually just the low-ability
end of the normal distribution.

This is not true for devastating and rare single-gene disorders
such as Huntington’s disease or Rett syndrome, or for genetic or
chromosomal learning difficulties, which render the people who
suffer from them statistical outliers. These people are genetically
distinct from the general population in real and often difficult ways.
But for common human traits it is usually inaccurate to say that
some people have a genetic disorder while the rest of us are “nor-
mal” and fine. An ever-growing mountain of research consistently
finds that this is simply not the case. Most human traits – including
reading (Fisher and DeFries, 2002) – are influenced by many genes



26 The 3Rs: Reading, wRiting . . .

(QTL hypothesis) and many experiences, and people with problems
are influenced by the same genes as everybody else. The abnormal
is normal. Most of what we do can be placed on a continuum
of human behavior, making our behavior relative to, rather than
distinct from, that of other people. As we will see in Part Two of
this book, this has major implications for the way the education
system should be constructed.

* * * * *

Much behavioral research into the genetics of reading has derived
from four major twin studies with samples drawn from Australia,
Scandinavia, the United Kingdom, and the United States. This
means that we are in a position to comment on the genetic and envi-
ronmental influences on reading ability in these populations. What
the studies tend to find, apart from moderate to strong heritability
estimates, is that reading shows strong genetic stability. That is,
the relevant genes are switched on early in childhood and appear
to remain active throughout the lifespan. For example, it has been
found that pre-reading skills, such as learning the alphabet, cor-
relate genetically with reading skills years later (Hayiou-Thomas,
Harlaar, Dale, and Plomin, 2006; Hensler, Schatschneider, Taylor,
and Wagner, 2010). In other words, the genes influencing little
Tommy’s impressive grasp of his ABCs at age 3 will still influence
his reading of Harry Potter at age 9.

This finding ties in with one of the major principles unearthed by
behavioral genetic research, namely that continuity is genetic and
change is environmental. Any large, uncharacteristic fluctuation
in performance over time, in either direction, is likely to be the
result of experience rather than genes – think inspirational teacher,
extensive practice, traumatic loss, or bad company. This maxim,
that continuity is genetic and change is environmental, forms one
of the cornerstones of our ideas regarding genetically sensitive
education. We will be building on it in Part Two of the book.

However, it is in many ways too simplistic to say that reading is
60 or 70% heritable. We are all different and that is partly because
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our genes are different. Genetic variation exists from the moment
we are born, but is multiplied and magnified as our genes interact
with each other and with our environment. It is likely that some
environmental effects are hidden within our heritability estimates
because they are effective indirectly, via their interplay with genes.

A good example of gene–environment interplay, although not
the type that behavioral geneticists usually study, was found in an
important and ongoing twin study of reading which recruited twins
from three continents, North America (Colorado), Europe (Nor-
way and Sweden), and Australia (New South Wales) (Samuelsson
et al., 2008). Behavioral genetics is normally the study of differ-
ences between individuals rather than between groups. However,
this research is pertinent to debates about raising the average ability
of an entire state or nation. Children from Colorado and Australia
are required by law to attend school from the age of 5. However,
whereas the Australian children go to school from 9 a.m. to 3 p.m.
5 days a week, the American children only attend their kinder-
gartens for 3 or 4 hours each day. Furthermore the Australian
children’s education is regulated by a state-wide curriculum man-
dating that at least 35% of the week should be devoted to language
and literacy instruction. There is no state-mandated curriculum for
teaching reading and spelling in Colorado.

An even more striking comparison emerges with the introduction
of the children from Sweden and Norway. In these countries
compulsory schooling begins when children are 7 years old. In
practice almost all children attend kindergarten before this but
the emphasis in kindergarten is on social, emotional, and aesthetic
development rather than learning to read. If children can read
before they begin school it is because they learn at home, suggesting
that shared environmental influences (those shared by children
growing up in the same family) on reading ability may be more
important to these Scandinavian twins than to their American and
Australian counterparts. Once children begin First Grade at age 7
in Sweden and Norway, reading and spelling are the primary target
activities in school, and literacy instruction is guided by a master
plan common to all schools across the two countries.
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So, what did these population differences in experience mean for
the heritability of reading ability in kindergarten and First Grade?
What would your hypothesis be? Should the relative influence of
nature and nurture differ across countries? And in what ways?
Take a few moments to think about it before you move on.

Well, what the researchers actually found was that the pattern
of genetic and environmental influence did indeed differ across
countries. At the end of kindergarten about 80% of individual
differences between the Australian children could be accounted
for by their genes, with the remaining 20% divided pretty equally
between shared and nonshared environmental influence. By com-
parison, genes explained two-thirds of the differences between
the Colorado children, with most of the remainder explained by
nonshared environment. Finally, differences between the Scandi-
navian children, who had not experienced any reading instruction
at all in school, showed far less genetic influence. Genes accounted
for only one-third of the differences between these children at
the end of kindergarten. So, where the heritability estimate was
close to 80% for the Australian it was closer to 30% for the
Scandinavian children. By stark contrast to the North American
and Australian children, around half of the observed reading dif-
ferences were accounted for by shared environmental – probably
family – influence.

So, by the end of kindergarten, genes had most impact on the
children with most schooling. Also, illiteracy rates were much
higher in the Scandinavian countries than in Australia. But, then
look at what happens by the end of First Grade, when all children
have experienced intensive literacy teaching. By the end of First
Grade, genes explained around 80% of the differences between
children not just in Australia but in all three samples. Shared
environment explained next to nothing in any of the countries
and nonshared environment explained 10 to 20%. Literacy rates
were roughly equivalent in all three groups. It is counterintuitive.
More school – that is, more environmental input – leads to greater
genetic influence rather than greater environmental influence. So
what’s going on?
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Well, as we discussed in Chapter 1, universal education is likely
to lead to increased heritability estimates, and that’s precisely what
we see happening here. As children’s experiences become more sim-
ilar they start to explain and increase the similarities between them
rather than the differences. Therefore genetic influence, relatively
speaking, becomes stronger. In this instance major differences in
access to formal reading instruction disappear by the end of First
Grade and can no longer explain differences in reading ability
between pupils. Average reading ability increases as a direct result
of this but at the same time the heritability of reading also increases.
If environmental factors cannot explain differences between people
it is because they have been equalized – all pupils have been given
a similar opportunity to learn. In this sense a case can be made that
heritability estimates act as an index of equality. A large heritability
estimate does not indicate that the environment has no influence,
just that it influences similarities rather than differences. This study
represents a wonderful example of how even very high levels of
genetic influence on a trait do not make the environment, in this
case formal instruction in schools, redundant. On the contrary,
schools are the reason children across the three continents learnt to
read. Genes, however, are the primary reason why some of them
are better readers than others.

The important point here for schools is that we can raise average
performance, and all children will benefit, by the application of
good, universal educational interventions. This supports the cur-
rent push for more experimental trials of what really works in
education. At the beginning of the 19th century more than 50%
of most Western populations were illiterate. However, at this time
lack of education was a much better predictor of illiteracy than
genetically influenced low ability. A behavioral genetic analysis of
data from that time would, if it were possible to perform, show
strong environmental but weak genetic influences on individual
differences in reading ability. The introduction of compulsory edu-
cation for all changed that. When all children are offered education
the differences between them are primarily caused by individual
differences in their response to instruction. A good educational
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intervention targeted at every child in a country will boost the
national average, and probably the heritability of the skill that has
been targeted, but it will not do much to close the gap between the
most and least able learners. The implications of this for supporting
struggling learners are important.

Another point to consider is that although there were high rates
of illiteracy at the end of kindergarten in Norway and Sweden,
pupils from these countries are known to go on to become better
than average readers. This indicates that, if delaying formal
instruction can be shown to be better for children’s welfare and
overall development, we can hypothesize that it is unlikely to cause
long-term damage to their reading skills. This, like all hypotheses,
would require formal scientific testing before being implemented
as a national policy. However, as an evidence-based hypothesis it
has merit.

Genes, and therefore human potential, cannot grow in a vacuum.
Heritability estimates are not as straightforward as they first appear
because they are subject to the fundamental interdependence of
genes and experience. It is all very well to say that reading ability
is 60 or 70 or 80% heritable, but such a statement does not
make the pivotal role of teaching apparent. Children with a genetic
predisposition to be good at reading would not learn to read if
they were not taught to do so, or at least exposed to lots of print.
In this light, causing an increase in heritability (at the same time as
an increase in skill) can reasonably be seen as an achievement of
which teachers and parents should be proud, rather than a sign of
determinism to be mistrusted and feared. If all children attended
equally good schools and received an equally good education genes
would account for most of the differences – and there would be
almost as many as there are now – between them in terms of their
reading ability. And that does not have to be a bad thing, especially
if these schools push average performance up and shift the whole
bell curve along to the right. A good school should provide equally
good nurture for each child’s nature. We don’t all have the same
talents but we should all have equal opportunities to develop the
talents we have.
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Environmental Influences on Reading Ability

There has been less genetically sensitive research into environmental
influences on reading ability than we need. As we have seen, shared
environmental influences appear to be important in the preschool
years but environmental influences at school tend to be nonshared.
Language and literacy in the home have been found time and time
again to influence children’s reading abilities (e.g. Mol and Bus,
2011). In studies that do not take genes into account socioeconomic
status (SES) is often shown to predict reading ability. At three
years of age, for example, children in the US Head Start program
lag significantly behind their peers in terms of the size of their
vocabulary (e.g. Scheffner-Hammer, Farkas, and Maczuga, 2010).
Similar differences have been shown for reading in the primary-
school years. So, children from low-income families where the
parents have low levels of education appear to be at risk of
becoming struggling readers.

Some argue that socioeconomic status (SES) – usually defined as
the educational and occupational status of parents – affects abil-
ity via the quality of the linguistic environment provided in the
home. For example, it has been shown that speaking directly to
children, encouraging them to talk, and exposing them to a diverse
and complex vocabulary are all linked to larger vocabularies in
young children. On the face of it this is not exactly rocket science.
Also, how responsive a mother is to her young child has been
linked to expressive language skills including the timing of early
milestones such as first words (e.g. Laranjo and Bernier, 2012).
These practices are found less often, on average, in low SES homes.
It is important to emphasize however that, even if we could take
these findings as givens, there is in fact a great deal of variabil-
ity at different levels of socioeconomic status. Some lower-status
families, for example, provide outstanding literacy environments
for their children while some high-status families offer their chil-
dren little in the way of communication. Averages tell us little
about individuals.
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However, without taking genetics into account it is impossible
to interpret findings such as these. We can’t actually know that
low SES is associated with low reading ability for environmental
reasons. Do parents who don’t talk to their children very much
cause a lack of vivacious chat in their offspring or are their
offspring uncommunicative because they are genetically similar
to their parents? Or is there some combination of both factors
at work? As is almost always the case with behavioral genetic
findings, a combination of the two seems most likely.

Recent work has focused on genotype–environment correla-
tions, a concept which describes how our genes influence our
experiences and demonstrates the way that genes do not operate in
a vacuum but play an active part in our experience. As discussed
in Chapter 1, there are three types of genotype–environment
correlation: passive, evocative, and active.

In a passive genotype–environment correlation we see the results
of receiving our genes and our environments from the same parents.
For example, parents who do not enjoy reading pass on their
genes to their children, but they also create a home in which,
perhaps, there are not many books, library trips, or bedtime stories.
Therefore, the child is in a position where they may inherit genes
that do not favor reading along with a home environment that is
not conducive to developing a love of reading. A double whammy.

In an evocative genotype–environment correlation a child who
is genetically predisposed towards a love of reading may evoke
different behaviors from family and friends than a child who is not.
They may be read stories, taken to the library and bought books
as presents. They might be referred to as a bookworm, making a
love of reading part of their identity, and they might be praised
for the amount that they read or the speed at which they read it.
This atmosphere of praise and positivity about the written word is
partly evoked by the child’s genes.

In an active genotype–environment correlation children who are
genetically predisposed to be good at reading might volunteer to
read the longest poem in the school assembly, and be noticed for
doing it; they might spend free time in the library and discover that
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science fiction is their thing; or they might race through the read-
ing schemes so quickly that they are given new, more challenging
tasks in class and therefore offered a more personalized education
than their classmates. In an active genotype–environment corre-
lation people of all ages shape their own worlds on the basis of
their genetically influenced propensities. As researchers, we believe
this process is hugely important in education, but new methods
for measuring, understanding, and making the most of it are
required, something we are working hard on at the moment. In a
genotype–environment correlation, genes, via personality, behav-
ior, or ability, affect exposure to certain environments. We shape
and create our own experiences.

The other major type of genotype–environment interplay that
researchers have identified is gene (or genotype) × environment
interaction, known as G×E. G×E exists if our genes can be shown
to affect our susceptibility to certain environments. In the case
of reading ability, we would see indicators of G×E interaction if
reading ability were more (or less) heritable for groups of children
(e.g. girls, children from low-income families, children identified
as gifted or talented) who experienced a particular environment
(say an intensive reading course) than for children in general. For
example, in two studies of G×E in relation to reading it has been
found that the heritability of word recognition is substantially
higher among twins with highly educated parents than it is among
children with less well-educated parents (Friend et al., 2009). This
may mean that better-educated parents provide an environment
for their children in which genes are in the driver’s seat when it
comes to learning to read. This may reflect the finding described
earlier that heritability increases as intensity of education increases
and that better-educated parents give their children more educa-
tion than others. Perhaps there is something specific about the
environment that these parents provide that is especially effective
in nurturing their children’s natures. This is something to explore
when considering how to equalize opportunities for all children,
regardless of the family they are born into, the neighborhood in
which they grow up, and the schools they attend. Interestingly,
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a similar pattern has been found in schools, with reading ability
shown to be more heritable among students with better teachers
(Taylor et al., 2010) and less heritable among children growing up
in low-income neighborhoods (Taylor and Schatschneider, 2010).
A formal, biologically-based G×E interaction would involve find-
ing that an environmental intervention, such as an intensive phonics
course or shared book-reading, has significantly more impact on
children carrying one version of a gene than on children carrying
the alternative version. G×E of this type has been found in research
into childhood maltreatment and aggression but has not yet been
found in the field of reading research.

An understanding of the interplay between genotypes and envi-
ronments can help teachers and policy makers to understand why
some interventions and methods help some children and not others.
G×E interactions can help decision makers to target resources more
accurately and with greater confidence. The “what works” agenda
needs to take individual differences into account by looking at what
works for which children and in which circumstances. Providing the
right educational environment for a particular child’s genotype also
means providing as broad a range of environments as possible – a
consideration that will have perhaps surprising implications for the
type of school system we recommend in Part Two.

Struggling Readers

Not all children learn to read in their first year or two at school,
and some of these children grow into adults without ever becoming
truly comfortable with reading. The most commonly cited reading
disability is dyslexia. We would like to offer a clear and simple def-
inition of dyslexia, but different sources give different definitions,
none of which are universally accepted. Some academics, teachers,
and politicians have declared it a myth, while others, normally
those who have been diagnosed with “dyslexia” or are involved
with representing “dyslexics” in the public arena, respond with
anger. The controversy is especially aggravating and distressing
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for parents when education professionals are arguing over a label
instead of providing the help and support that their child clearly
needs. In fact, the question of whether dyslexia exists or not is the
hottest potato there is in research in learning disabilities.

Putting a precise definition to one side, it is fair to say that
children who are tested for dyslexia all have at least one thing in
common: they all struggle with learning to read. They are the chil-
dren on the left-hand tail of reading’s bell curve. Research suggests
that 5 to 10% of schoolchildren experience difficulties with reading.
Most of these children display several (but rarely all) of the follow-
ing characteristics: difficulty generating rhyming words or counting
syllables in words (phonological awareness); difficulty hearing and
manipulating sounds in words (phonemic awareness); difficulty
distinguishing different sounds in words (phonological process-
ing); and difficulty in learning the sounds of letters (phonics). Their
oral reading can be slow and laborious and their comprehension
can be poor, although this is often not the case. Struggling readers
also often experience difficulties with oral and written language.
They may have been late in learning to talk, have difficulty follow-
ing directions, and have struggled to learn the alphabet, nursery
rhymes, and songs. They may have difficulty putting ideas on paper
and, although they may do well on weekly spelling tests at school,
are likely to make many spelling mistakes in their daily work. The
difficulties these children experience in school can have a negative
knock-on effect on their confidence and mental wellbeing.

So is there any evidence to suggest that children with dyslexia are
genetically different in any way? If so, that would help to provide
that elusive definition for the condition. Research has shown that
reading difficulties run in families (DeFries, Vogler, and LaBuda,
1986). Behavioral geneticists have in fact identified specific genes
that may be linked with reading problems (Scerri et al., 2011). In
this respect, research into the genetics of reading is more advanced
than research into the genetics of school achievement generally.
However, it is important to emphasize that the research is at an
early stage and many results not only fail to replicate but also
contradict each other.
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One candidate gene for reading problems is called KIAA0319
and resides on chromosome 6 (Paracchini et al., 2006). It is
relatively promising because it has been found to be associated with
reading difficulties in three different samples in the United States
and the United Kingdom and, in a world where false positives are
rife, replication of findings in different and independent groups
of people is the key to trusting positive results. The discovery of
KIAA0319 by a team at Oxford University met with a fairly typical
media fanfare. The Daily Mail’s headline read: “Dyslexia gene
discovery could improve treatment for millions.”

This headline is actually relatively restrained but, even so, the
only word in it that should be used with any confidence is “could.”
An association with reading difficulties does not make KIAA0319
a “dyslexia gene” any more than an association between you and
gym membership makes you lithe, lissom, and fighting fit. And the
leap from biological finding to improving treatment for millions is
so vast that seven-league boots would struggle to carry you there.
But the truth of the “could” is interesting. And the fact that the
result has been replicated is cause for further exploration.

We know that reading ability has a normal distribution and that,
at the least sophisticated level, reading disability can be defined
with an arbitrary cut-off at the 5th or 10th percentile of that
distribution. So, to cut to the chase, is the KIAA0319 gene only
expressed in children at the low end of the distribution? Or those
with a dyslexia diagnosis? Dr Silvia Paracchini from the Oxford
team pursuing the link between KIAA0319 and reading problems
asked exactly this question and found that KIAA0319 is in fact
distributed throughout the population (Paracchini et al., 2008).
We all have it, however weak or strong our literacy skills. It
appears to be associated with reading ability as well as disability.
Its effect on reading ability throughout the entire distribution is
statistically significant but very, very small. This brings us back
to the QTL hypothesis, discussed in Chapter 2 (common human
traits are influenced by many genes and many environments, each
with a tiny effect). The QTL hypothesis would predict that there
would be no specific biological markers for reading problems and
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that those with a medical diagnosis such as “dyslexia” would be
influenced by the same genes as those without. This is exactly what
the Oxford team has found.

In time KIAA0319 could prove to be one of dozens, maybe even
hundreds, of genes that are relevant to reading ability. What this
means in practice is that we won’t see reliable DNA testing kits for
dyslexia any time soon. The least able readers in a class struggle
with reading whether they are labeled as dyslexic or not, and their
struggle is partly rooted in their DNA. Reading ability is distributed
in a bell curve and there is no obvious cut-off at which a child
should be recognized as having a reading disorder. This has major
implications for how to identify and support struggling readers.

As we mentioned earlier, “dyslexia” is something of a hot potato,
and statements such as this are likely to get us into trouble. We
venture to ask why? As parents, why do we find it easier to say “my
child is dyslexic” than to say “my child finds reading hard”? What
does it say about our attitude to our children having weaknesses as
well as strengths? And what does it say about society and education
policy that we don’t immediately offer extra support to any child
whose teachers and parents agree finds it more difficult than most
to learn to read? Instead we first insist, in many instances, on
having such a child tested (or having their parents independently
organize and pay for testing) to see if they meet certain criteria and
can be “diagnosed” as dyslexic.

We appreciate that in later years a diagnosis or record of some
kind is helpful in ensuring that individuals are treated fairly. For
example, a job applicant who struggles with their reading might
perform poorly on a psychometric test if it has to be completed in
a certain time. Assuming that the job is not dependent on reading
speed, it might be more reasonable to revise the time limit for such
a candidate. After all, you wouldn’t ask someone with impaired
vision to take the test without glasses or contact lenses.

However, the fact is that there is no simple genetic basis for a
diagnosis of a disability called “dyslexia.” The fact that a child
cannot read as well as we would expect is all the evidence that
should be required for them to be offered extra support. The money
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spent on testing and diagnosis – and the time spent waiting for all
of this – would be better spent on extra support for all children at
the low end of the reading-ability spectrum. If enacted as early in a
child’s education as possible, this could improve their performance
and close the gap between the most and least able readers in a class.

The Genetics of Writing Ability

The ability to write has been given less consideration by behavioral
geneticists than the ability to read. Research has tended to find
strong links between reading and writing skills, which in many ways
is unsurprising; both are modes of language and communication.
Writing is an essential life skill in the modern world. Even if we
have no desire to write plays, poetry, novels, essays, or letters
we still need to fill in forms, sign for packages, make shopping
lists, answer texts, and so on. The need is even more striking for
schoolchildren, who usually have to demonstrate in writing what
they have learnt in their lessons. Writing is the primary mechanism
for getting the kind of school grades that will create attractive
opportunities for the rest of their lives. That said, like reading,
writing is an unnatural skill that without intensive instruction we
would never come to master. And even with intensive instruction
it turns out that some children find it an incredibly difficult skill
to acquire.

Most behavioral genetic work on the etiology of writing skills
has focused on spelling, although it could be argued that spelling is
more closely linked to reading than writing. In the first twin study
of spelling, genes were found to account for just over half of the
differences between 13-year-old children.

A study led by Dr Bonamy Oliver in TEDS explored the genet-
ics of writing achievement using UK National Curriculum levels
awarded to the TEDS twins when they were 7 years old (Oliver,
Dale, and Plomin, 2007). Dr Oliver gathered teacher ratings of
the children’s achievement and used the twin method to figure
out that genes accounted for two-thirds of the differences between
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individual children, shared environment only 7%, and nonshared
environmental influence the rest. The pattern is noticeably sim-
ilar to that for reading achievement. She also explored whether
the same pattern of nature and nurture was true for the lowest-
performing children and found that it was. Low writing ability was
no more or less heritable than average or high writing ability.

As yet there has been no attempt to identify specific genes or
environments associated with writing but this remains an impor-
tant area for future research. Our least able writers face a barrier
between themselves and their society that is unacceptable. Iden-
tifying experiences that can overcome a genetic predisposition to
finding writing difficult is an important and worthwhile scientific
and social goal.

For both reading and writing then, we have seen heritability
estimates of over 60%, evidence that the same genes operate
throughout the ability spectrum (the abnormal is normal), and
evidence that the same genes remain operational as children grow
(continuity is genetic and change is environmental). That’s two
of the three “R”s covered. But how does ’Rithmetic compare? In
the next chapter, we look at whether there is genetic evidence for
treating the third “R” differently in our new education system.

References

Chow, B.W.-Y., Ho, C.S.-H., Wong, S.W.-L., Waye, M.M.Y., and Bishop,
D.V.M. (2011). Genetic and environmental influences on Chinese lan-
guage and reading abilities. PLoS One, 6: e16640.

DeFries, J.C., Vogler, G.P., and LaBuda, M.C. (1986). Colorado Family
Reading Study: An overview. In J.L. Fuller and E.C. Simnel (eds),
Perspectives in Behavior Genetics (pp. 29–56). Hillsdale, NJ: Erlbaum.

Fisher, S.E. and DeFries, J.C. (2002). Developmental dyslexia: Genetic
dissection of a complex cognitive trait. Nature Reviews Neuroscience,
3, 767–780.

Friend, A., DeFries, J.C., Olson, R.K., Pennington, B., Harlaar, N.,
Byrne, B., Samuelsson, S., Willcutt, E.G., Wadsworth, S.J., Corley, R.,
and Keenan, J.M. (2009). Heritability of high reading ability and its
interaction with parental education. Behavior Genetics, 39, 427–436.



40 The 3Rs: Reading, wRiting . . .

Hayiou-Thomas, M. E., Harlaar, N., Dale, P. S., and Plomin, R. (2006).
Genetic and environmental mediation of the prediction from preschool
language and nonverbal ability to 7-year reading. Journal of Research
in Reading, 29(1), 50–74.

Hensler, B.S., Schatschneider, C., Taylor, J., and Wagner, R.K. (2010).
Behavioral genetic approach to the study of dyslexia. Journal of Devel-
opmental and Behavioral Pediatrics, 31, 525–532.

Kovas, Y., Haworth, C.M.A., Dale, P.S., and Plomin, R. (2007). The
genetic and environmental origins of learning abilities and disabilities
in the early school years. Monographs of the Society for Research in
Child Development, 72, 1–144.

Laranjo, I. and Bernier, A. (2012). Children’s expressive language in early
toddlerhood: links to prior maternal mind-mindedness. Early Child
Development and Care, 72, 748–767.

Mol, S.E. and Bus, A.G. (2011). To read or not to read: A meta-analysis of
print exposure from infancy to early adulthood. Psychological Bulletin,
137(2), 267–296.

Oliver, B.R., Dale, P.S., and Plomin, R. (2007). Writing and reading skills
as assessed by teachers in 7-year-olds: A behavioural genetic approach.
Cognitive Development, 22 (1), 77–95.

Olson, R.K. (2007). Introduction to the special issue on genes, environ-
ment and reading. Reading and Writing, 20, 1–11.

Paracchini, S., Thomas, A., Castro, S., Lai, C., Paramasivam, M., Wang,
Y., and Monaco, A.P. (2006). The chromosome 6p22 haplotype asso-
ciated with dyslexia reduces the expression of KIAA 0319, a novel gene
involved in neuronal migration. Human Molecular Genetics, 15(10),
1659–1666.

Paracchini, S., Steer, C.D., Buckingham, L.L., Morris, A.P., Ring, S., Scerri,
T., Stein, J., Pembrey, M.E., Ragoussis, J., Golding, J., and Monaco,
A.P. (2008). Association of the KIAA0319 dyslexia susceptibility gene
with reading skills in the general population. American Journal of
Psychiatry, 165, 1576–1584.

Samuelsson, S., Byrne, B., Olson, R.K., Hulslander, J., Wadsworth, S.,
Corley, R., Willcutt, E.G. and DeFries, J.C. (2008). Response to early
literacy instruction in the United States, Australia and Scandinavia: A
behavioural-genetic analysis. Learning and Individual Differences, 18
(3), 289–295.

Scerri, T.S., Morris, A.P., Buckingham, L.L., Newbury, D.F., Miller, L.L.,
Monaco, A.P., Bishop, D.V.M., and Paracchini, S. (2011). DCDC2,



The 3Rs: Reading, wRiting . . . 41

KIAA0319 and CMIP are associated with reading-related traits. Bio-
logical Psychiatry, 70, 237–245.

Scheffner-Hammer, C., Farkas, G., and Maczuga, S. (2010). The language
and literacy development of Head Start children: A study using the
Family and Child Experiences Survey Database. Language, Speech and
Hearing Services in Schools, 41, 70–83.

Taylor, J., Roehrig, A.D., Hensler, B.S., Connor, C.M., and Schatschnei-
der, C. (2010). Teacher quality moderates the genetic effects on early
reading. Science, 328 (5977), 512–514.

Wilcutt, E.G., Pennington, B.F., Duncan, L., Smith, S.D., Keenan, J.M.,
Wadsworth, S., DeFries, J.C., and Olson, R.K. (2010). Understand-
ing the complex etiologies of developmental disorders: Behavioral and
molecular genetic approaches. Journal of Developmental and Behav-
ioral Pediatrics, 31, 533–544.

Further Reading

Haworth, C.M.A., Davis, O.S.P., and Plomin, R. (2013). Twins Early
Development Study (TEDS): A genetically sensitive investigation of cog-
nitive and behavioral development from childhood to young adulthood.
Twin Research and Human Genetics, 16, 117–125.



Chapter 4

. . . and ’Rithmetic

Everyone has a view on mathematics, usually a strong one. We
love it or hate it; are great or terrible at it; see it as either pointless
or the point of everything. Albert Einstein didn’t believe in it
whereas Mickey Mouse did, and furthermore the mouse knew
what it, or at least one aspect of it, was: “Arithmetic is being
able to count up to twenty without taking off your shoes.” Some
educational campaigners see numeracy (along with literacy) as a
cornerstone of the curriculum whereas others feel that too much
emphasis is given to these traditional areas of learning at the
expense of other subjects and approaches. It is said that Plato
considered mathematics a highly appropriate subject for the school
curriculum: “Mathematics is like checkers in being suitable for the
young, not too difficult, amusing and without peril to the state.” We
look forward to national curriculum checkers. And to some serious
consideration of school subjects that actually do represent peril to
the state. May we suggest needlework? Einstein, on the other hand,
failed to see mathematics (in which he did not believe) as either
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simple or amusing: “Since the mathematicians have invaded the
theory of relativity, I do not understand it myself any more.” (In
Schilpp, 1949.)

What is mathematics? How (and how much) should it be taught
in schools? Does everyone need to learn trigonometry and calculus,
or is the ability to make calculations about things like cost, time,
weight, and distance enough? Is everyone even capable of learning
calculus? Are we born with a sense of numeracy and, if so, how
robust is it? Most of us could agree that being able to count up to
20 without removing socks and shoes is probably necessary for the
21st-century child. But the other issues are eminently debatable.
The most burning question for us was expressed eloquently by
someone called Adrian Mathesis, who is widely quoted on the
Internet and in mathematics textbooks but who may well have
been invented by a mathematician with a good sense of humor
(what are the odds?) and perhaps a Masters degree (Mathesis =
MA Thesis?): “The greatest unsolved theorem in mathematics is
why some people are better at it than others.” This is precisely the
sort of question to get behavioral geneticists champing at the bit,
and indeed it has.

So, Why are Some People Better at Math
than Others?

An interest in individual differences in mathematical ability inspired
a cutting-edge program of research led by Dr Yulia Kovas of Gold-
smiths, a college of London University, and Sophia Docherty, at
that time a PhD student on the TEDS team. Kovas, a psychologist,
has been working for some years now to understand the genetic
and environmental influences on children’s mathematics achieve-
ment. She is interested in debates in the psychological literature on
topics such as whether children who struggle with mathematics are
simply not very good at math or whether they suffer from discrete
disorders with specific causes. As described in the last chapter, the
equivalent debate about reading problems has raged for decades,
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and we have shown that reading difficulties represent one end of
a normally distributed bell curve, and that they are affected by the
same genes as reading ability in general. Many parents would prefer
to believe that they have a bright child who has a specific disabil-
ity, than that he or she has low ability in mathematics or, perhaps
more especially, in reading. “Disability” implies diagnosis, whereas
“difficulty” describes a common problem. But more of that later . . .

Much debate also centers on the different aspects of
mathematics – for example calculating and algebra – and whether
they are linked or separate from each other. For example, are the
ingredients that make a good actuary the same as those that make a
good architect? What does the child who can recite prime numbers
to the edge of the numerical universe have in common with the child
who can calculate the profit he will make from selling his football
cards in the school playground? And, what can these genetic
findings tell us about how to go about teaching those children?

Kovas designed and conducted a study to address these questions
using 10-year-old twins drawn from TEDS. The twins’ teach-
ers gave each child a score on the three areas of numeracy that
are covered by the UK national curriculum – using and apply-
ing mathematics; numbers and algebra; and shapes, space, and
measures – and the twins’ mathematical ability was also assessed
directly using an online testing procedure. The questions Kovas
looked at were these: Is mathematical ability heritable? Are the
genetic and environmental influences on low mathematical ability
the same as those in children of average or high ability? And,
are different mathematical abilities subject to the same genetic and
environmental influences? She explored these questions statistically
and then passed her findings on to Sophia Docherty in the labs,
who examined the twins’ DNA for further answers. So what did
Kovas and Docherty find?

Is mathematical ability heritable?

Yes it is. Kovas estimated the heritability of mathematical abil-
ity among 10-year-old children, as rated by their teachers, as
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about two-thirds. Shared environment accounted for 12% of the
ability differences between children, and nonshared environment
accounted for 24%. She had carried out a similar analysis when
the TEDS twins were 7 years old and reached a very similar
conclusion: teacher-assessed mathematics achievement was 68%
heritable, with shared environment accounting for 9% and non-
shared environment 22% of the differences between children.
Similar results also emerged when the children were 9 years old.
In this sample at least, which is representative of the wider UK
population, a heritability estimate of 60 to 70% appears to be
robust throughout the early school years. This mirrors our results
for reading and writing.

This is what primary school teachers are dealing with. Genetic
differences at this stage are more important to mathematics achieve-
ment than differences in family income, family Monopoly or
Rummikub sessions, parental education, gender, or school quality.
Yet teacher training does not take them into account. In one sense,
a heritability estimate of 60 to 70% tells the teacher nothing at all
about what is possible, or even to be expected, from any particular
child, but it should confirm that, for partly biological reasons,
all of the children in her class are starting from different points
and therefore need to take different next steps to develop their
understanding and their ability. It should tell her that her job is
to gradually draw out each child’s potential rather than aiming,
as a class, at some arbitrary, externally imposed target. Teachers
already know this, but their methods are too often challenged by
a political will to defy nature. Some kids start with a biological
advantage in mathematics. It is not unreasonable to propose that
those kids will develop differently from those who do not share
their advantage. Is it unreasonable for education to reflect this?

The discovery of genetic influence on mathematical achievement
and ability has important implications for how we teach mathemat-
ics, in particular for how we personalize numerical education so
that it draws out the best every child has to offer while not detract-
ing from the areas in which they stand to gain more fulfillment
and higher achievement. In his book on success, Outliers, Malcolm
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Gladwell (Gladwell, 2008) argues that success – real, high-level
success – takes 10,000 hours of practice. Why not give children
high-quality mathematical education in quantities appropriate to
their individual abilities, needs, and hopes, and use education to
help them to put in 10,000 hours where it really counts for them?
If your dream is to be an Olympic gymnast or to run your own
graphic-design business, beauty parlor, or garage, then you will
need a certain amount of mathematics education, the kind of
mathematics that you will use day to day in the 21st century (and
let’s face it, that’s quite a lot); and it might be good for your overall
mental dexterity and creativity to go further than that. But you
won’t need as much (or at least the same type) as the kid who
wants to work out how long it will take a rocket to get to Nep-
tune and design the engine that could power that rocket. People
differ in their mathematical ability, and two-thirds of the differ-
ences between them are influenced by their genes. We think that
matters – and we will take it into account when we attempt our line
drawing of a genetically sensitive education system in Part Two.

Are the genetic and environmental influences on low
mathematical ability the same as those in children

of average or high ability?

Mathematical ability, like reading ability, is distributed in a
bell-shaped curve, with most people clustering around the average
while a small group really struggle and a small group excel.
Let’s think about high ability first. Mathematics appears to be
the most fertile academic field for breeding genius, particularly
precocious genius. It is unlikely that Shakespeare could have
penned Hamlet in his pre-teen years, yet young mathematicians
can reach extraordinary heights without being hindered by their
relative lack of time on the job.

In 1985 Ruth Lawrence was photographed in full academic
regalia riding around Oxford University on the back of her father’s
tandem. At the ripe old age of 13 she graduated from Oxford with
a starred first and a special commendation. She had completed
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her degree in two rather than the standard three years. She sub-
sequently completed a PhD, went to Harvard and from there to
the University of Michigan to study knot theory. Lawrence is now
a mathematics professor at the Einstein Institute of Mathematics
in Israel (one can only assume Albert would not be pleased to
have a mathematics institute named after him). She obviously is
and always was good at math. Very good to be fair. Perhaps
even a genius. Her mathematical ability, like everyone else’s, is
partly rooted in her genes but it is likely that her unusual rearing
environment also played a part.

Lawrence was home-schooled by her father (it turns out most
mathematics prodigies are home-schooled), she barely left her
father’s side at Oxford (he attended lectures with her but was even-
tually banned from the common room by the student union), and
she went to Harvard with her father. Lawrence is now estranged
from her parents and has publicly stated that she will not repeat
with her own children the hothouse teaching techniques employed
by her father.

She experienced an unusual environment, but to what extent
were her genes unusual too? Most of us could be in a home-school
hothouse for decades without ever reaching this young girl’s level
of achievement or even beginning to untangle a single thread of
knot theory. Did Lawrence inherit a genius gene or a whole set of
mathematics-friendly genetic variations?

More worryingly, what about the other end of the spectrum:
adults who never become numerically skilled enough to manage
their personal finances or to carry out simple transactions with-
out effort and distress? These people could not be further from
Lawrence in their capability, but are they genetically different?
Were they poorly taught? Did they miss too much school because
of ill health, poor behavior, or family strife? Do they have a dis-
ability or a difficulty? If a disability, does it have specific biological
markers (for example, genes) and can it be cured? If a difficulty,
how can education overcome it?

Kovas’s results are clear and in keeping with those found by
the researchers who study reading. Her data does not support the
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existence of a genetically-based mathematical disability. She found
that the kids doing best and worst in mathematics are just the kids
who are best and worst at mathematics. They are affected by the
same genes as everybody else although in varying combinations.

Like environments, genes underpin differences between people,
including whether some people will be more able, healthy, or
neurotic than others. Even if every child in a nation was subjected to
a successful innovation in mathematics teaching, this would still be
true. This is important when thinking about innovations designed
to generate improvements across a whole country. Average scores
will go up if the innovation is any good, but the kids at the bottom
will be at least as far from the kids at the top as they were before. If
the aim is to reduce the gap between the best- and worst-performing
kids, then innovations need to be directed at the bottom of the
distribution and not at everybody else. Extra support for the lowest
achievers will also promote social mobility. The practicalities,
implications, and ethics of this approach will be discussed later.

So, at a statistical level, Kovas found no genetic differences
between the least able TEDS twins in mathematics and the rest of
the sample, although she remains open to the possibility of rare
single-gene disorders affecting mathematical ability. But what does
this actually mean? If you perform a web search for “dyscalculia”
you will find a wealth of information that largely converges on
the view that it is “dyslexia for numbers.” The British Dyslexia
Association writes: “Dyscalculia is a special need and requires
diagnosis and appropriate counseling as well as support away from
whole class teaching.” Let’s think about this. The fact that those
with the least ability in mathematics are not genetically distinct
from everyone else is likely to come as a disappointment to some
people, particularly to parents whose children struggle. But why
should this be? Well, for one thing being labeled as having a medical
disorder, a bona-fide learning disability, opens up more services
to families and removes the stigma associated with just not being
very good at something. As a society we believe that disability
is more acceptable than low ability. The former implies a degree
of powerlessness whereas the latter, wrongly, implies a degree of
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laziness or stupidity. Diagnosis brings validation. Yet the children
and adults who struggle with mathematics surely have a special
need either way. They have a learning difficulty, irrespective of
whether that learning difficulty is classified as a medical problem.
It might be that they do require support away from whole-class
teaching; they almost certainly require personalized one-to-one or
small-group support, either in the classroom or elsewhere. But
diagnosis and counseling? For not being very good at math? Why?

Brian Butterworth, the world’s leading expert on “dyscalculia,”
tells us that the problem affects around 6.5% of the population
and describes the main difficulty for “dyscalculics” as an inability
to understand what numbers mean.

You have to help the child to understand . . . what “three-ness” or
“four-ness” is. Such children don’t have any intuition about it. They
have to work it out logically. People with dyscalculia will always
have trouble with math but they can compensate just as people with
color-blindness learn to manage. We have to educate dyscalculic
children to grasp math in a different way. (Quoted in Freeman,
2006.)

While our evidence does not support “dyscalculia” as a discrete
genetic disorder, we strongly agree with Professor Butterworth’s
approach to children struggling with math. As he points out, you
educate such children by starting from an understanding of what it
is that they don’t understand. You start from an individual’s current
level of competence and move on from there at a speed that works
for that individual. In other words, you personalize their education.

The lowest-performing children in any subject have a special
need (a need for extra help with that subject) but that’s not the same
thing as having a medical disorder. We know that mathematical
ability, high or low, is influenced by genes – they are a major reason
why the human species can produce both Ruth Lawrence and a
kid who really doesn’t get what “3” or “4” is – but Kovas’s results
implicate the same genes across all abilities. In other words the least
able mathematicians in a class – like the least able readers – have a
difficulty, not a disability. They need extra support, not a label.
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Are different mathematical abilities subject to the same
genetic and environmental influences?

The final question Kovas asked is whether we can think of math-
ematical ability as a single commodity or whether abilities in
different areas of mathematics are genetically distinct. She started
by exploring the links between the three areas of mathematics
achievement measured by the UK national curriculum (using and
applying mathematics; numbers; shapes, space and measures) and
found that they were in fact very highly correlated (average corre-
lation, 0.85). What this means in practice is that 85% of the ability
that these three areas of mathematics are tapping into is common
to all of them.

In a way this is not surprising: you would expect kids who are
good at calculating to be good at measuring as well. It is not as if
Kovas is claiming that the kids who are good at their multiplication
tables are always good at basketball. Kovas also conducted a series
of analyses that showed that the genes influencing one area of
mathematics were largely the same as those influencing the others
and that, in fact, the same genes also appear to influence other
traits such as spatial abilities and language. In these analyses genes
are a nameless mass. We know the same genes are involved across
the different areas of mathematics assessment but not which genes
in particular. This has led Kovas, with one of us (RP), to develop
what has become known in the behavioral genetic literature as the
“generalist genes” hypothesis. The bumper-sticker message is that
genes are generalists and environments are specialists. The same
genes affect a diverse range of cognitive abilities and academic
achievement, but different environmental influences apply to each
of these abilities. This is of vital importance for the way we educate
our children. The specialist effects of the environment are precisely
what a carefully calibrated classroom can offer. This is another
of the founding principles upon which we will attempt our draft
redesign of the school system.
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In the genes . . .

Kovas passed her findings to Sophia Docherty, a molecular biolo-
gist, who set to work with DNA provided by the same TEDS twins
who had given us data on mathematical ability and achievement.
She started where Kovas left off: 1) there is a clear genetic compo-
nent to mathematical ability; 2) low mathematical ability is likely
to be influenced by the same genes that affect normal variation in
ability; 3) there is substantial genetic overlap between the different
areas of mathematics, suggesting that genetic effects are general.

Docherty used an approach called DNA pooling, in which the
DNA of large numbers of individuals is combined and subjected
to a single genome-wide association scan. This is a cutting-edge
method of finding genes with small effects on behavior. She found
ten spots in the genome (known as single nucleotide polymorphisms
or SNPs – pronounced snips) at which a letter in the genetic code
commonly varied between the individuals in the sample. SNPs
have two variants, so that you might inherit one DNA letter, say G,
whereas a sibling inherits another, such as T; one form may confer
a genetic advantage whereas the other confers a genetic risk. These
ten SNPs were significantly associated with individual differences
in mathematical ability and (if the research is replicated in another
sample) can be said to constitute a small proportion of the genetic
reasons why some people are better at mathematics than others. As
expected, each individual SNP had a small effect, with the largest
accounting for just over 0.5% of the differences in mathematical
achievement between these 2,500 children, and the smallest only
0.13%. But when these ten DNA markers are combined to form a
set they can explain 3.4% of the differences between people. This
is only a first step, which requires replication, and we will need
bigger and better sets of variants, but it demonstrates the direction
in which genetic research is moving.

Incidentally, it is worth pointing out that when this type of
research began scientists thought, or hoped, that a few genes
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would contribute greatly to common behaviors or disorders. In the
main, this has not turned out to be the case; instead we have the
QTL Hypothesis. It is, therefore, unlikely that there will ever be
a time when we can make a reluctant mathematician brilliant by
switching on a gene here and there.

Docherty went on to ask whether anything different was hap-
pening for the 15% of children with the lowest mathematics scores.
She found that children in this group had a greater number of the
less mathematics-friendly forms of the SNPs than average- and
high-performing children. The one-third of TEDS children with
more than half of the risk variants were almost twice as likely to
be in the bottom 15% of scorers.

In other words, children at most risk will carry many of the risk
variants and few positive variants, and the child with most genetic
advantage will carry few risk variants and many positive variants.
As the number of risk variants increases, mathematical ability will
decrease. In theory this means we could test for genetic risk of low
mathematical ability. But in practice these ten SNPs account for
such a small amount of variance that it wouldn’t tell us much even
if we did. Even children in the top 15% will carry some of the
risk variants and, at this stage, any cut-off would be arbitrary. And
because we don’t yet know the function of these genetic markers,
carrying a particular version of one of them, although associated
with a disadvantage in mathematics, could confer an advantage
in some other area that those with the alternative version are less
likely to share. After all, evolution has not seen fit to wash out these
risk variants. We are beginning to map the genetics underpinnings
of mathematics achievement but there is a long way yet to go.

How does Nurture Affect Mathematical Ability?

The evidence for genetic influence on individual differences in
mathematical ability and achievement is conclusive, and our own
research group, among others, is beginning to identify genes
that may be involved. But it will take time. Surely it must be
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easier to identify the aspects of nurture that create differences
in mathematics achievement than to identify specific genes with
small individual effects? Sadly not. Research so far suggests that
most aspects of the environment also have very small effects
and interact with each other, and with genes, in complex ways.
We can’t get away with simply blaming the parents, the schools,
declining standards, or food additives. The exceptions can usually
be categorized as extreme-risk environments that create far more
serious problems for the children who are affected by them than
relatively low mathematics achievement.

In fact there have been no major genetically sensitive studies
of environmental influences on mathematics achievement. Studies
that analyze the influence of the home or school environment on
achievement in mathematics without controlling for genetics can
have value at the large scale – for example if an intervention raises
average achievement across the population – but more often they
just muddy the water. Consider, for example, the following three
hypothetical research findings:

• Three-year-olds who spend 45 minutes a day in educational
play with a parent are better at mathematics at age 10 than
3-year-olds who do not.

• Children who attend fee-paying schools have higher average
mathematics scores than children who do not.

• The children of substance abusers have significantly lower
average mathematics scores than other children.

It is easy to accept findings such as these at face value because
very often they agree with our own prejudices and preconceptions.
Of course finding time to teach children through play benefits
them; of course you get a better service if you pay for it; and of
course parental substance abuse has an effect on how well children
thrive. But if these hypotheses are tested in a study that does not
control for the effects of genes we have no real evidence that
play, education, and substance abuse are genuinely environmental
effects, not confounded by genes or even by other aspects of the
child’s environment.
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Take child–parent play, for example. The parent who spends 45
minutes every day in focused, educationally relevant play with a 3-
year-old child probably isn’t a mother of four with a full-time job.
These parents are a self-selecting sample. Not only is it possible
for them to offer their child this special playtime but they are
parents who have either the desire to play in this way or the belief
that it will benefit their child. It is important to them that their
children will go on to do well in school, and they take personal
responsibility for making that happen. They also have the mental
capacity and time to engage with and to stimulate their child for
45 minutes. Furthermore, they have children who, at the age of
3, can engage constructively with structured one-to-one play for
45 minutes and who enjoy mentally stimulating, educational play,
perhaps because they are just naturally good at it.

So, if researchers find that early one-to-one play of this nature is
associated with mathematics achievement at school, then this rela-
tionship may exist for any number of reasons. Maybe children who
are naturally good at mathematics or related skills such as puzzles
and problem-solving evoke that kind of play from their parents
whereas other children with different appetites and aptitudes invite
different kinds of play such as role play, messy play, or physical
play – what we would call an evocative genotype–environment
correlation. Maybe the parents who focus on their children in this
way at age 3 are similarly hands-on throughout school, making
sure they help their child or find help for them whenever they show
signs of not having understood something. Maybe both the par-
ents and the children involved are naturally conscientious; always
keen to do the right thing whatever they happen to want to do.
The cliché used in first-year undergraduate psychology courses is
that although umbrella use is correlated with rainfall, putting up
umbrellas does not actually cause the rain to fall. In other words,
correlation does not imply causation.

The same applies to the fee-paying schools and substance-abuse
examples. Attendance at a fee-paying school may correlate with
mathematics achievement because the parents who can afford the
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fees are academic achievers themselves and have passed on the
ability to jump through academic hoops to their children through
a biological rather than a social mechanism. These children may
need relatively little input to succeed, so their higher scores in
mathematics may have nothing whatsoever to do with the quality
of education offered in the school. They are naturally bright kids
who would perform well anywhere. The children with substance-
abusing parents may inherit risk-taking personality traits that
make sitting quietly and learning mathematics skills unappealing
to them. They may fail for both genetic and environmental reasons.
By failing to control for the effects of genes, most studies leave us
none the wiser.

So, if we’re serious about figuring out how to raise mathematics
achievement – and we should be – we need to begin by taking genes
into account and by deciding whose mathematics achievement we
want to raise. Is it the national average that needs a boost, or just
the low achievers, or the underachievers, the girls, the boys, or
the kids who want to work with numbers? We need to generate
hypotheses by looking at the influences that appear to be effective,
and we need to statistically control for genetic effects until we
reach the stage where we know what goes on at the biological
level. And, most important of all, we need to explore the influence
that genes and environments have on each other so that we can
understand which environments will be most beneficial to which
children. Only by engaging with genetics can we truly find a way
to teach mathematics more effectively to every child.
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Chapter 5

Physical Education:
Who, What, Why, Where,

and How?

In November 2011, sports and exercise medicine expert Dr Andrew
Franklyn-Miller issued a statement to the effect that the build-
up to the London 2012 Olympic Games represented the perfect
chance to encourage British children to become more active. He
argued that the Olympics could give the United Kingdom a unique
opportunity to promote healthy and active lifestyles, but that the
opportunity was being missed. The fact that one in three British 10-
and 11-year-olds was classed as overweight or obese was, argued
Franklyn-Miller, indefensible: “We have our children in one place
for seven hours a day. Maybe we should start influencing their
physical literacy, their health, and their wellbeing, when we’ve
got them in front of us.” In this chapter we explore what genetic
research can tell us about whether there is a role for education in
improving the health of a nation, and how that might work.

School, according to Franklyn-Miller, is the place to turn things
around, and he suggested doing so by making physical literacy the
subject of compulsory testing in the same way as mathematics,
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reading, and writing. A backlash against the idea of more testing
followed immediately, but Franklyn-Miller believes that without
mandatory testing – and clearly defined steps to help children who
fall short – nothing will change. But are school sports really the
solution to the problem? And is school the appropriate place
to tackle medical, rather than purely academic, issues? Let’s re-
examine Franklyn-Miller’s ideas in the light of our understanding
of how genes and environments work.

There are several questions to ask about whether and how
schools can influence sporting prowess and health outcomes, given
the role of genes – and whether it is appropriate for them to do
so. For instance, does genetic influence on fitness, obesity, and
heart disease render school hours spent on PE – let alone the extra
layer of complication that a formal and formally assessed physical
literacy curriculum would entail – redundant? And, if environment
influences any or all of these health outcomes then is it shared
or nonshared environmental influence that matters more? For
example, if fitness or fatness show a lot of shared environmental
influence but very little nonshared environmental influence, then
Dr Franklyn-Miller’s suggestion, which involves planned fitness
routines and testing of “a PE curriculum that embraces push, pull,
squat, brace, rotate, accelerate, and change of direction” might
just work. If, however, nonshared environment is the driver then
a one-size-fits-all approach will not achieve what it sets out to
achieve.

The best studies of physical activity in the school years have
tended to be carried out on teenagers, and we know from them
that regular moderate exercise decreases and sedentary behavior
increases between the ages of 13 and 19. Because of known links
between a sedentary lifestyle and later health problems this is a
matter of concern for policy makers in education, health, and health
economics. There are several possible causes of this phenomenon.
For instance, at 13 PE is still compulsory in schools, and parents are
likely to organize their children and ferry them to training, matches,
and competitions. By 19 most sport that takes place happens out of
school and is organized by the young people themselves, requiring
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more motivation and love of the activities in question. Also, during
this time both academic and social pressures increase, and although
keeping active may be seen as a priority at the younger ages it
begins to play second fiddle to getting good grades and fitting
in with friends. The physical changes and social embarrassments
associated with puberty may also increase reluctance to get into
sports kit and run around. Notes from home excusing pupils from
PE certainly seem to become more commonplace in high school.

Just as the prevalence of exercise changes over the teenage years
so, too, does the pattern of heritability. The relationship between
genes and exercise for young children is a new but blossoming area
of research, fueled by the fact that in many developed nations the
age of onset of obesity is falling. One UK study run by obesity
researchers and behavioral geneticists looked at the heritability
of physical activity in 9- and 11-year-olds and found that shared
environment was by far the strongest influence on physical activity
for boys and girls (Fisher et al., 2010). At these ages it appears that
schools and families are well placed to encourage physical activity,
and that Dr Franklyn-Miller’s proposal, or something like it, might
well make a difference in primary schools and in the early years of
secondary school.

A study of Dutch twins, however, looked at activity levels
between the ages of 13 and 19 and saw that the influence of the
shared environment waned to almost nothing by age 15 (van der
Aa et al., 2010). Similar results have been found in Belgian and
Portuguese studies (e.g., Maia, Thomis, and Beunen, 2002). In the
early to mid teens, genes and nonshared experiences became more
powerful drivers of exercise frequency, duration, and intensity,
with genes explaining more than 75% of the differences in physical
activity. Nonshared experiences might include being picked for a
school team, winning or losing a race, being picked last in class,
being bullied or praised because of sporting prowess, or being
exposed to a form of exercise that suits an individual child. And
of course children may be genetically predisposed to seeking out,
finding, or evoking experiences such as these. Shared environmental
experiences had virtually no influence on these teenagers.
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The researchers in the Dutch study hypothesized that the strong
genetic effects we see on physical activity levels by adolescence may
actually reflect strong genetic effects on sporting ability. In this
case what we see is an active genotype–environment correlation in
which young people who have a talent for physical activity con-
tinue to engage in it whereas those who are not genetically predis-
posed to enjoy and be good at sports drop out as soon as they are
allowed to. However, exercise is good for us whether we enjoy it or
not and a sedentary life takes its toll, so it seems unreasonable sim-
ply to go with the flow. What is less clear is whether it is the respon-
sibility of schools to address what is, after all, primarily a public
health issue.

As we have already made clear, our view is that education today
has two primary purposes. The first is to get all children to a
good level of skill in literacy, numeracy, and ICT. The second is
to provide them with opportunities to identify and develop their
talents and special abilities, their own unique selling points when
they come to negotiate their niche in the world. Offering a wide
range of physical activities to pupils seems to be an important
and necessary aspect of this second aim of education. Therefore,
the option to choose sporting activities should be available, as it
already is to a greater or lesser extent, at every age and in every
school. But should sport and exercise be compulsory and, if so, for
how long?

The health of the nation does not figure in the hierarchy of edu-
cational priorities we have proposed. Franklyn-Miller is undeniably
right that school is the umbrella under which the largest possible
number of young people can be gathered, and it does afford us an
opportunity to influence their future. But are schools responsible for
all aspects of a child’s future? Should they be teaching them to cook,
clean, drive, form and maintain successful relationships, bring up
children, manage their money, and sell stuff on eBay? Maybe, but
this is a political and social question rather than a scientific one . . .

and there are only so many hours in the school day.
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What empirical genetic research can offer to the debate is some
evidence about which approaches might work and which are likely
to be wasted, whatever underlying political philosophy prevails at
the time. In this respect the evidence suggests that there would be
health benefits from compulsory PE throughout school, and even
beyond the years of compulsory education for those who stay on. A
unified PE curriculum seems likely to encourage fitness and activity
but only until the early secondary school years. With this in mind it
seems wise to offer a wide range of choices even to young children,
and to allow some degree of specialization, because by 14 or 15
at the latest pupils will only exercise if they enjoy the particular
method involved. It makes sense, therefore, to find out what they
can do and what they enjoy doing before secondary school (middle
school in the United States) and invest in it early. After the first
year or so of secondary school the curriculum should be entirely
choice-driven. The girl who hates netball might love yoga or golf;
the boy who hates hockey might have a talent for ballroom dancing
or climbing. Primary school is the place for a two-pronged attack,
promoting fitness through a unified PE curriculum and promoting
a taste for exercise through individualization and choice. Finding
a form of exercise that each child likes could set them up to
make healthy choices in adolescence and perhaps for the rest of
their lives.

If children find ways that are acceptable to them of maintaining
fit bodies and a healthy lifestyle then the benefits to society and
to the economy could be vast, not to mention to the individuals
themselves. Given that sport will not be the personal choice or
talent of every child, this is the best argument for keeping up PE
throughout school. On balance we think, like Dr Franklyn-Miller,
that using education to make children healthier is a goal with
considerable social merit. But how achievable is such a goal? What
impact can school-based PE lessons hope to have on complex social
issues such as smoking, obesity, and overall fitness? Again, genetic
research can give us some clues.
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Genes, Sports, and Smoking

Smoking bans have been enforced in public spaces in countries
around the world. Cigarettes, in packets with warnings that SMOK-
ING KILLS, are also increasingly expensive, and yet teenagers
continue to be drawn to the habit, or at least to an initial drag with
friends. Peer pressure plays a part, as does the desire to appear
grown-up or cool. But behind these commonplace explanations
there is an interesting story involving both genes and PE.

A study conducted by a team at the University of Pennsylvania
sheds new light on the relationship between sports, and smoking.
The researchers set out to explore reasons why some adolescents
progress from a trial puff at a cigarette to a regular smoking habit
while others do not (Audrain-McGovern et al., 2006). There were
certain patterns that had already been identified from previous
smoking research. For instance, almost 25% of adolescents are
regular smokers, and the prevalence of smoking increases through-
out adolescence. Physical activity and team sport participation are
known to decrease over that same time frame. Furthermore, phys-
ically active teenagers are about half as likely to smoke as others,
and young people who become less involved in team sports as
they progress through school are almost three times more likely
to become regular smokers than those who maintain their involve-
ment. Even without emerging evidence from genetics these statistics
represent a strong argument for encouraging physical activity and
team sport participation from a young age and, crucially, doing
what you can to help teenagers to maintain their involvement even
as pressures and temptations – exams and social life as well as
cigarettes – grow. The researchers reasoned, on the basis of these
figures, that perhaps physical activity protects teenagers from being
attracted to and then addicted to cigarettes in a tangible way.

But of course this is not a simple story with a simple solution.
If it were then smoking would have gone the same way as snuff-
taking by now, and teenagers everywhere would be leaping out of
bed on a Saturday morning to get to their volleyball league game.
While there is a relationship between physical activity and teenage
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smoking we also know that individual differences in smoking are
influenced by genes, and we even have a couple of candidate genes.
A dopamine reuptake transporter called SLC6A3 and the dopamine
D2 receptor DRD2 have been found to be smoking risk genotypes,
and teenagers who carry the risky versions of one or both of these
genes appear, on the basis of this research, to be more likely to
become regular smokers. In fact, their chance of progressing to
regular smoking appears to double with each DRD2-A1 allele they
carry. Both of these genes affect the dopamine pathway, and the
risky versions of both are carried by almost 20% of teenagers.
More than 30% carry at least one of them, potentially putting a
significant minority of young people at genetic risk for developing a
potentially deadly and certainly expensive smoking habit. As with
all such candidate gene studies replication is a priority, but this
research does suggest that genetic influence is relevant to debates
about smoking prevention.

One of the functions of dopamine is as a mechanism by which
we perceive reward. The Pennsylvania researchers hypothesized
that teenagers who carry the A1 allele of the DRD2 gene (or the 10
repeat allele of the SLC6A3 gene) have low dopamine activity and,
since nicotine boosts dopamine activity, smoking may be more
rewarding to them. In other words, nicotine is likely to give more
of a buzz to these teenagers than to those who do not carry the
risky variants of the genes.

However, as usual, genes are not deterministic and nicotine is
not the only way to boost dopamine concentrations. There’s almost
always more than one way to skin a cat. Research with animals
(not cat-skinning we hasten to add) has shown that exercise has
a very similar effect to nicotine on dopamine concentrations and
therefore represents an alternative and safer way of gaining the
same chemical reward. In other words, the buzz that kids at genetic
risk of developing a regular smoking habit get from tobacco might
reasonably be replaced by sport. To put numbers on it, physical
activity was associated with 37% of the differences between the
teenagers in the study in terms of their smoking progression,
although this could represent either cause or effect.
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Another possible explanation is that team sports affect the
genetic propensity to smoke through social mechanisms such
as anti-smoking messages from coaches and team-mates. This
social mechanism may reinforce the chemical message of the
dopamine boost induced by sport. This is a nice example of a
gene–environment interaction where the effect of genes, in this
case a negative effect, is turned on its head by environmental
means. The genetically programmed dopamine boost is replaced
by an environmental one.

In summary, the researchers found that being involved in team
sports protected teenagers from becoming regular smokers, even
if they carried genes that predisposed them to picking up or
maintaining the habit, and that the protective effects could partly
be explained by the physical activity involved. So what does this
mean for school sports? Well, at the simplest level it seems that
efforts to prevent adolescent smoking should focus on helping
teenagers to identify at least one sport in which they are prepared
to participate. On the basis of this research, assuming you accept
a disease prevention role for school sports, then identifying sports
(perhaps especially team sports) to suit individual children appears
to be a valid and worthwhile goal for secondary school PE. It is for
society to decide whether this is a good use of school time.

Obesity, Genes, and Environment

The second issue we address in this chapter is obesity. Can school
sports realistically tackle the worsening obesity problem in the
developed world? (Kelly et al., 2008) In theory it should be possible,
as obesity is correlated with a sedentary lifestyle. However, other
environmental influences are also linked to obesity, such as low
socioeconomic status, stress, and low levels of education. Not to
mention food. For the first time in history, in the developed world,
the poor are more likely than the rich to carry too much fat.
Furthermore, environmental triggers must lie behind the recent
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obesity epidemic because the gene pool could not possibly have
changed quickly enough to account for it.

However, and this sounds like a contradiction, genes are the
strongest influence on both Body Mass Index (BMI) and obesity
(Grilo and Pogue-Geile, 1991; Dubois et al., 2012). It is important
to remember that height is genetic too, one of the most genetic of
human traits in fact, and yet people continue to get taller because
of improving health and nutrition. BMI is almost as genetic as
height, and genes affect differences between us in terms of weight,
but experience can still make changes across the board. It is likely
that obesity is increasing at the population level for environmental
reasons – for instance, the availability and low cost of certain
types of food, and a reduction in physical activity (Skelton et al.,
2011). Genes cannot cause an average population increase in
obesity but they do influence the differences between us (Wardle
et al., 2008). Research carried out with the TEDS twins at ages
7 and 10 concluded that genes could account for 60% of the
differences between children in terms of their body fat at age 7
and 74% at age 10. In spite of the twins in our study living in
the same home and attending the same school the influence of
shared environment is low and gets lower as the children get older.
So we can’t just blame Mum for being over-enthusiastic with the
fried food. Shared environmental influence accounts for 40% of
the body fat differences between children at birth, 22% at age 7,
and only 12% by age 10. This suggests, for example, that one-size-
fits-all interventions such as Franklyn-Miller’s are probably not the
best way to go in tackling obesity. A series of health education or
exercise classes held in all schools could possibly reduce the average
weight, but obese children will remain obese or at least overweight.
Trying to leverage genotype–environment correlations by targeting
obese children, or those at risk of becoming so, using nonshared
environmental interventions is a more complex but almost certainly
more fruitful way to go.

Because of the strong genetic influence involved, weight control
is likely to be more difficult for children with a greater than average
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complement of “weight gain” genes. In time, DNA testing will
allow us to identify these children at a young age and provide early
support. This early prediction is likely to lead to prevention meth-
ods that are far more powerful than our current attempts to “fix”
the problem. Meanwhile, physical activity-based interventions
tailored to individual children are likely to be one good approach
to tackling obesity and its long-term health consequences. This
means identifying the activities individual children are most likely
to enjoy and participate in willingly. However, it takes a lot of
exercise to burn your cookie calories, and exercise is likely to be
just one part of a broader prevention strategy. There seems to be
a role for the schools to act as one of several possible referring
bodies to clinics and health settings. On balance, we think that
tackling the obesity problem is not the job of school sports.

With obesity, food as well as exercise is an obvious consider-
ation. Although parents feed their children wildly different diets
at home, all children eat in school once a day. In some cases
they eat a hot meal prepared at or for the school and in some
cases they bring in a packed lunch from home. In some countries,
including the United Kingdom, children from the poorest families
are entitled to a free hot school meal. In recent years the United
Kingdom has debated school dinners in an unprecedentedly public
and heated way. Celebrity chef Jamie Oliver spearheaded a cam-
paign for healthy school meals, gaining the ear of the government
and the opprobrium of disgruntled parents. One of these, dubbed
“the meat pie Mum,” famously pushed cheeseburgers through the
school railings to her children to counteract the perilous effects of
vegetables newly on offer in the school canteen. It made for good
TV and journalistic high jinks, but the campaign has been criticized
for forcing change too quickly and reducing the uptake of school
dinners in favor of packed lunches.

Children’s diets will vary enormously, and when most food is
consumed at home there is only so much that schools can do to
tackle obesity on this front. Food is largely a private rather than a
public matter. Even universal cookery classes are probably not the
answer for the majority, because shared environmental influence
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disappears at the age at which they might provide lasting benefits.
This means that, because shared environment does not show much
influence on obesity, an identical and compulsory healthy lunch in
every school in the country would not make a marked difference to
obesity rates. However, in support of a PE curriculum designed to
foster healthy choices it makes sense that lunches cooked in school
are nutritionally balanced and that there should be restrictions as
to what can and cannot be included in packed lunches.

In summary, weight has been found to be highly susceptible to
genetic influence but the environment also has an important role
to play. The research carried out so far suggests that the average
weight of a nation of school children could be moderately affected
by positive shared environmental influences in the early school
years, although probably not by the secondary school years. Both
the problem and the evidence suggest that it would be better to
focus time and resources on overweight and obese children and to
individualize their weight-loss programs by focusing on exercise
they enjoy and other healthy living strategies that work for them as
individuals. While some of this can be tackled in school PE sessions,
by offering a wide enough range of exercise opportunities to attract
everyone, it is likely that the affected children will need separate
individualized support in a health rather than a school setting.

The Heritability of Fitness

Obesity and smoking both have a negative impact on fitness. Usain
Bolt does not nourish his lightning-fast body with Mars Bars and
Marlboros. However, fitness is affected by more than food and
exercise. Professor Claude Bouchard and colleagues on the HER-
ITAGE Family Study have looked at variation in fitness among
research participants with sedentary lifestyles. He arranged for one
group of Canadians to be trained in exactly the same manner as
each other for around five months and then examined changes in
their fitness over that time. Bouchard found that people responded
to their identical training in very different ways. Using VO2max
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(maximal aerobic capacity) as his index of fitness he found that
although the average gain was 33% as a result of the training
program, one individual gained 88% while another increased by
only 5%. Professor Bouchard also used average power output
sustained on a bicycle for 90 minutes as a measure of actual
performance and again saw substantial variation in spite of the
fact that all participants had experienced the same training pro-
gram. Overall, performance soared by an average of 51% after 20
weeks. Everyone improved as a result of the training. However, the
biggest gainer’s actual performance far exceeded that of the small-
est gainer. Bouchard proposed that there are “responders” and
“non-responders.” He also suggested that, because the timescale
of training responsiveness varied between people, there was a cate-
gory of “late bloomers.” While some improved a great deal within
the first six weeks they then reached a plateau, whereas others were
stagnant for the first six to ten weeks before the benefits of training
really began to show. The same nurture does not benefit everyone
in the same way, further reinforcing our argument that the type
of athletic ability kids and adults are capable of varies enormously
and needs to be drawn out in different, personalized ways.

Bouchard’s team explored this phenomenon further using a
genetically sensitive research design. They ran another 20-week
training program, but this time for ten pairs of identical twins.
The twins trained for 45-minute sessions four to five times each
week with average training intensity set close to 80% of maximal
heart rate. By the end of the program average aerobic power had
increased by 14% (these participants were not chosen for being
sedentary at the start so the increase was not as striking) and
ventilatory threshold (the exercise intensity at which breathing
rate begins to increase dramatically) by 17%. Increase in VO2max

was pretty much the same for both twins in a pair but it differed
between pairs of twins, suggesting that training interacts with
different genomes to different effect. We know that genes make a
difference to response to training here because MZ twins responded
in virtually the same way as each other (See Bouchard et al., 1999).
As part of his HERITAGE Family Study Professor Bouchard and
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his colleagues have more recently begun to identify some of the
genes associated with the “trainability” of VO2max such as the
muscle form of the creatine kinase gene CKM. This is significant
research with important health implications because regular
endurance exercise has been shown to have a positive impact on
our risk of both cardiovascular disease and Type 2 diabetes.

So what does this imply for physical education in schools and
extracurricular sports clubs? If some kids are unlikely to benefit
much is it a waste of time for them? The way to answer these ques-
tions definitively is to carry out a large-scale twin study of activity
levels and response to PE interventions and see what happens. In
the meantime we have to go with what we know, which is that
sporting ability and fitness are heritable but not genetically deter-
mined. Also, we know that shared influences such as school sports
have a big impact at least until the teenage years. Using this infor-
mation to trigger positive choices, positive genotype–environment
correlations, is the best way forward. Primary education, therefore,
represents an opportunity to improve general fitness but also to pro-
vide choices that will allow children to find and nurture a real talent
or at least a way of exercising that they enjoy, or can put up with.

Gym Class Heroes

So far we have looked at whether, from a genetic point of view, it is
worth teaching PE in school at all and what benefits might accrue
for children in general. But what about the kids with a real talent for
sport, the ones who could become world class and compete at the
highest level? What underlies their success and what can schools do
to nurture them and support them in developing their full potential?

These are my new shoes. They’re good shoes. They won’t make you
rich like me, they won’t make you rebound like me, they definitely
won’t make you handsome like me. They’ll only make you have
shoes like me. That’s it.

(Charles Barkley, commercial for basketball shoes.)
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For style-conscious hero-worshipping teenagers the shoes might
be enough. But what about the others, the ones who want the looks,
the money, and, most especially, the rebound? Swedish exercise
physiologist Per-Olof Astrand once said that the best thing an
aspiring athlete can do is choose the right parents. His implication
is clear; sports stars are born not made. Another school of thought
claims that elite standards in sport are the result of extensive and
expert training. The two camps (innate versus training) mirror the
old nature versus nurture debate. If there is anything we can predict
with complete confidence it is that athletic performance, even at the
very top end of ability, will involve both genes and experience . . .

because human endeavor invariably does.
Much more research needs to be carried out in this field if we

are to explore the relative and interdependent roles of genes and
experience. However, this hasn’t stopped a handful of companies
in the United States and Australia from peddling DNA tests to
pushy parents who want to know how likely their toddlers are to
be successful in sport, and to identify sports in which to encourage
them. Dr Theodore Friemann, Director of San Diego’s Medical
Center’s Interdepartmental Gene Therapy program has branded
this “an opportunity to sell new versions of snake oil.”

In fact, the claim is based on good research. As is often the case
in science, it is the application that is misleading. Professor Kathryn
North works on the genetics of rare neuromuscular diseases at the
University of Sydney. In the course of her research she began to
focus on a gene called ACTN3, which controls the production
of protein in muscles, making it a good bet for a neuromuscular
diseases researcher. Professor North found that the patients she
studied were deficient in the protein alpha-actinin-3, which is pro-
duced by ACTN3. However, she also found that healthy relatives
of the patients lacked this protein too, as did several members
of the research team. The team went on to discover that almost
one-fifth of white Caucasians share this deficiency, although most
do not succumb to neuromuscular diseases (Yang et al., 2003).
They pursued the link further.
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Alpha-actinin-3 is found in fast-twitch muscles, the type that are
used to make powerful movements such as sprinting and jumping.
One could reasonably predict that the likes of Usain Bolt, for
example, have a very healthy dose of this protein. Everybody
inherits two copies of ACTN3, one from their mother and one
from their father. The two key variants of the gene are known as
R and X. The X allele stops muscle cells from reading the entire
code of ACTN3 and if you inherit two copies of the X version
you will be unable to produce any alpha-actinin-3 at all. Professor
North and her researchers reasoned that if there is a variation in
the human population, people who have two R versions of ACTN3
might be better at sprinting and power sports than those with only
one R or, worse still, two Xs.

In conjunction with the Australian Institute of Sport the team
took DNA from more than 4,000 elite athletes from a wide range of
sports and compared it with that of a control sample. They found
that power and sprint athletes did in fact tend to have two working
versions of the ACTN3 gene (RR) but, perhaps more surprisingly,
they also found that endurance athletes had two deficient versions
(XX). In other words, they found that what was originally perceived
as a deficiency (the X version) actually benefited slow, efficient
muscle performance. “When the Lord closes a door,” as the Abbess
in The Sound of Music puts it, “somewhere He opens a window.” It
was on the back of this research that ACTN3 became dubbed “the
speed gene” and companies like Genetics Technologies in Victoria,
Australia, and Atlas Sports Genetics in Boulder, Colorado, began
to sell the DNA testing kits especially targeting 2- to 8-year-olds.

The idea is that children under the age of 8 are too young to show
their natural aptitude through their performance alone. Therefore,
another method is needed if appropriate training is to start young
and time is not to be wasted on finger painting or playing tag when
it could be spent on kick-starting potentially profitable or glorious
sporting careers. Those marketing the tests claim that kids with the
RR version of the gene should be encouraged in power sports such
as sprinting and jumping whereas those with the XX version of
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the gene should be encouraged in endurance sports like, erm . . . ,
marathon running, or rowing? (It is rather difficult to think of
appropriate endurance sports for the under-8s.) Those with the
more common XR version of ACTN3 get to choose for themselves,
but we are not told the odds of them excelling in either. Are they
doubly enabled? Are they doomed to mediocrity? Or should they
focus on sports that require both speed and endurance, maybe
martial arts? The whole enterprise suggests that a DNA test can
tell you whether you should enter your child in the obstacle course
or the egg and spoon race at preschool sports day. It suggests
that pigeonholing children by using DNA tests to override their
developing interests, preferences, and aptitudes is a good idea, and
furthermore that tailored training is a good thing for a young
child’s developing body. It suggests, to be perfectly honest, that
pushy parents too often have more money than sense and that wily,
clued-up entrepreneurs know exactly how to exploit this.

Let’s be clear. Two X versions of ACTN3 might make a minus-
cule contribution to Usain Bolt’s competitive edge, and at the
very highest levels of sport a minuscule advantage can make the
difference between winning gold or silver, or making or missing
the national squad. Two R versions might have been a boost to
Haile Gebrselassie and Steve Redgrave in their sporting careers for
similar reasons, but for your child – particularly at this early stage
in their development – this gene is just one small cherry in a big
cherry pie. Many other genes influence athletic prowess, body size
and shape, fitness, response to training, and willingness to train in
the first place. And that’s before we get started on environmental
influences. Maybe training too hard too young will have a negative
influence on athletic potential? We would propose that the desper-
ation for success shown by the parents who buy these tests is likely
to be a much stronger influence on their children’s development,
and their relationship with sport, than alpha-actinin-3 levels or
allelic variation in the ACTN3 gene. See what your children enjoy,
what they gravitate towards, and support them in their choices.
And if they’re not ready to make choices at age 2, 4, 6 or 8, don’t
worry about it. A DNA test can tell you with devastating certainty
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if your child is suffering from a rare single-gene disorder, in which
case choosing a sporting activity will not be your top priority, but
as yet it cannot predict your child’s talents or their developmental
trajectory. It is our belief that in time we will know much more
about which genes are linked with which behaviors, and that this
will help us to tailor opportunities to children, but that a DNA test
will never be able to predict the future with certainty because genes
do not work alone.

It is also impossible to think of a sport simple enough to require
a single action that could be determined by a single gene. For
example, swimmers need to control their arms, hands, fingers,
legs, feet, toes, lungs, and heads, and combine them in motions
that have grace and efficiency as well as speed and power. They
also have to maintain the motivation to train regularly and, when
in a race, they need the drive to fend off the competition and
win. To do this they need mental strength to battle nerves, to
compete against their peers, and to combine every requirement of
their sport to the very best of their ability. The requirements are
different for each sport and, in particular, there are differences
between individual-performance sports such as gymnastics, sports
that resemble one-on-one combat, such as tennis, and team sports
such as football. Some sports are more dependent on power, mental
strength, strategy, or speed than others, but all require a range of
skills and therefore all are highly complex behaviors depending
on a whole multitude of genes and experiences, thereby sitting
comfortably within the framework of the QTL hypothesis.

We know about many genes that could be linked to athletic per-
formance. We know that many anatomical and physical attributes
are heavily influenced by genes, much more so than complex behav-
iors, and that some of these are important markers for sporting
success. For example, the heart’s coronary network – the distri-
bution and size of blood vessels within your heart – is highly
heritable. So too is the branching pattern of blood vessels leading
to the lungs; total heart size; muscle proteins; muscle fiber compo-
sition; and metabolism of fat. All of these attributes are relevant to
fitness and athletic performance, making it clear that your parents
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and ancestors do make a difference to your aptitude for sporting
success. Interestingly, if you fancy becoming an endurance athlete,
the genes you inherit from your mother and her ancestral line are
more important in one sense than those you inherit from your
father. This is because much of the energy required for endurance
sports is stored in mitochondria, tiny structures inside muscle cells.
Mitochondria have their own genes, and all of the mitochon-
dria in your body come from your mother, because eggs contain
mitochondria while sperm do not.

So genes matter, but they don’t determine anything. Your genetic
inheritance works in conjunction with your training, nutrition,
motivation, other preferences – you may have a taste for play-
ing long, demanding piano concertos rather than running long,
demanding races – and chance experiences. It does not operate in a
vacuum. Genes do, however, have significant predictive power and,
understood well and used wisely, can underpin the choices we make
for ourselves and our children. As with the 3Rs, if everyone on the
planet was given the same sporting education and opportunities
there would be almost as much variability in athletic performance
as there is now, although average performance would improve.
With the best nurture in the world not all of us can make it to
the top in every, or even one, sport. But without the best nurture,
future Olympians, world champions, and world-class team players
will fall by the wayside. Nature requires nurture, and different
natures require different nurture.

In Summary . . .

So, in the light of genetic research, what does sport, and particularly
school sport, mean for the majority of young people who fall short
of being world-class? Well, like most school subjects, one would
hope to make it enjoyable for pupils but, as with mathematics,
literature, and science, that is not an educational end in itself. PE
can be used to foster personal attributes such as motivation, com-
petitiveness, teamwork, and confidence; however, whether these
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alone are acceptable educational goals is also open to discussion.
The decision on whether or not the subject should be taught at all
is really one for politicians and society at large to decide.

If PE is to be taught, then genetically sensitive research suggests
that a standardized program could have a beneficial influence on
younger children, but that older children need to be offered more
choices if they are to continue to feel the same benefits. The key
is to use the primary school years, before genes take the wheel,
to promote a taste for exercise and to introduce children to a
wide range of exercise options. That way they can make informed
decisions about how they want to pursue PE when they reach
secondary school. The emerging evidence that sports participation
for teenagers may be related to smoking is also interesting and
suggests that including a compulsory exercise module even in
choice-driven curricula for 16–18-year-olds might yield benefits.

In this chapter we have described research showing that both the
amount and the quality of physical activity we engage in is influ-
enced by genes, and that genetic influence gets stronger the further
behind we leave childhood. We also looked at genetic influences
on smoking, obesity, fitness, and elite athletic performance. We
saw that shared environmental influence does have a strong impact
on physical activity levels in young children but that the effect
tails away during the first few years of high school. Beyond that,
genes and nonshared experiences are the key influences and, at
this stage, environmental interventions have to be of the nonshared
kind – personalized – if they are to have any effect at all on young
people’s activity levels. In Part Two of this book, we’ll put all of
this genetic theory into practice and attempt to answer the who,
what, why, where, and how of Physical Education.
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Chapter 6

Science: A Different Way
of Thinking?

It is difficult to read the lists of Nobel Prize-winning scientists and
not to notice that they are mostly men. Only about 2% of Nobel
Prizes for science have been awarded to women. Why should this
be? Are men wired to be better scientists? Does society provide
an environment that is more conducive to scientific achievement
for boys and men than for girls and women? Both theories are
proposed with great regularity.

Furthermore, the Nobel Prize for science lists, as well as being
male-dominated, are littered with family relationships. There’s
Niels Bohr and his son Aage, father and son physicists William
Henry Bragg and William Lawrence Bragg, Manne and Kai Sieg-
bahn, Hans von Euler-Chelpin and his son Ulf von Euler, C.V.
Raman and his nephew Subrahmanyan Chandrasekhar, and Arthur
and Roger Kornberg. There are even women represented among
the Nobel Laureate families, notably Marie Curie, her husband
Pierre and their daughter, Irene Joliot-Curie. What set them all
off on the path to Stockholm? What combination of genes and
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environment – and the interplay between them – lies behind these
striking family resemblances? If you did well in physics, chemistry,
or biology at school, what are the odds that your sons will do well
too? And your daughters? If you did badly, what are the odds that
your children are doomed, regardless of their sex? What difference
will it make if they are your adopted children rather than your
biological children? Can your expertise make a major difference to
children who do not share your genes?

Genetic research can shed some light on these debates. Dr Claire
Haworth has used data gathered from TEDS twins to explore
genetic and environmental influences on achievement in science,
and differences between boys and girls. She began her research by
asking whether science would behave in the same way as literacy
and mathematics in terms of its genetic and environmental etiol-
ogy. We saw earlier that the genetic and environmental patterns
of influence on the 3Rs were rather similar to one another. What
we knew from that research led her, and the rest of our team
to expect that there would be both genetic and nonshared envi-
ronmental influences on scientific achievement (but little shared
environmental influence); that many genes and many environ-
ments, all of small effect, would be involved (the QTL hypothe-
sis); and that there would be considerable genetic overlap between
science achievement and other domains of academic achievement,
although the relevant influential environments would differ (the
Generalist Genes hypothesis). We were in for a surprise.

Dr Haworth began by exploring patterns of heritability in sci-
ence performance, as rated by the twins’ teachers at age 9, when
the children were still in primary school (Haworth, Dale, and
Plomin, 2008). Science did indeed seem to behave like English and
Math, in that genes were the strongest influence and nonshared
environmental influence outweighed the effect of shared environ-
ment. However, when she followed the children from primary to
secondary school a surprising pattern began to emerge. By age 12
the influence of genes had decreased from a position in which they
could explain 64% of the differences between children in terms of
their science performance to one in which they explained only 47%
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(Haworth, Dale, and Plomin, 2009). In other words, some genes
had ceased to matter or were less effective than they had been,
or an environmental factor or factors had become more powerful.
Either way, science now appeared notably less heritable than the
3Rs. Even more surprisingly, the influence of shared environment,
which we would have expected to virtually disappear around this
age, had doubled: it now could explain one-third of the vari-
ance. In further research exploring scientific achievement at age 14
Haworth found that this pattern held true into the teenage years
(Haworth, Dale, and Plomin, 2010). Science, it seems, behaves in
rather a different way to English and mathematics during the high
school years.

Haworth and the team began to consider and explore possible
reasons for the changing pattern of heritability. One approach
was to test the genetic correlation between science performance at
age 9 and science performance at age 12. In essence, the genetic
correlation would be 1.00 if exactly the same genes were influencing
children’s achievement in science at both ages and 0.00 if none of
the genes affecting performance at age 9 were still influential at
age 12. Typically, genes account for continuity and experience for
change, so we would expect a strong genetic correlation. However,
the genetic correlation between science performance at age 9 and
age 12 for the TEDS twins was only 0.50. This means that only
half of the genes influencing primary school science were still
important to 12-year-olds in their high school science lessons. And,
furthermore, the genes influencing science performance at age 12
were less influential than they had been at age 9.

So, what exactly is different about science at age 12 from science
at age 9, and can it account for a lower heritability estimate at
12? One possibility is that the subject billed as science in primary
schools is often not really science at all. Primary school science
often involves the reading, comprehension, and retention of a
factual text – a literacy task. It does not rely on (or even necessarily
include) the hypothesis testing that lies at the heart of the scientific
method, and is given less time than literacy and numeracy, and
therefore a lower status. In this sense the “science” that is tested
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at age 9 might well be qualitatively different from the science
we measure at age 12, and show more in common with literacy
than with “real science.” This could explain why genes have an
equivalent influence on the two subjects at this age. If experimental,
hands-on science was routinely taught to primary schoolers it is
possible that the lower heritability estimate would show up then.
This is unlikely to be the whole story, though, because analysis of
data from the TEDS twins has shown that heritability estimates
begin to decline at age 10, when children are still attending their
primary schools.

We know from other research that enthusiasm for science dwin-
dles during the primary school years and into early adolescence
(Osborne, Simon, and Collins, 2003; Jenkins and Nelson, 2005).
This, in combination with the surprisingly low genetic correlation,
suggests the possibility that “science” as a named and tested subject
should not be taught at all in primary schools. Schools could still
introduce scientific subjects during topic work. If pupils do not
enjoy a topic on, say, the human body or the solar system they will
not then automatically discount the whole of science as being of
no interest to them, or as something they’re no good at.

Another option might be to teach “nature” as a subject and make
it fairly practical in an observational rather than an experimental
sense, leaving “science” to secondary schools with their labs and
specialist teachers. It is possible that the slightly reduced heritability
at the end of primary school reflects a move towards “real science”
(although we still do not know why “real science” should be less
heritable) but, given the declining enthusiasm that seems to start
very early, it may still be best to leave science as a new and exciting
area of learning for secondary school. It is one area in which it is
possible for children not to be jaded before their high school career
even begins.

Another possibility is that secondary school science education
is at fault and is not nurturing natural potential effectively, is per-
haps even suppressing genetic potential. If teachers were drawing
out scientific potential effectively then maybe heritability would
be higher. Perhaps the basic building blocks are not put in place
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securely enough? This hypothesis seems relatively unlikely, but our
team plan to put it to the test in future research. One way of explor-
ing this may be to carry out a genetically sensitive study of science
achievement in a country where science is considered a greater
priority for secondary education than it is in the United Kingdom.

And what of the increase in shared environmental influence?
Well, we know that in TEDS the shared environmental correlation
is 0.78, indicating that the environments that influence science
performance at age 9 are, in the main, still effective at age 12, and
that they appear to have even more influence for older children.
This strong correlation leaves open the possibility that the home
environment is more important than the school environment for
scientific achievement, because this is the environment that is
consistent across the two ages.

Identifying specific shared environmental influences on sci-
ence achievement remains a tantalizing prospect for education-
alists. Haworth recently explored the relationship between science
achievement and the science learning environment (classroom and
peers) when the twins were 14 (Haworth et al., 2013). She found,
like others before her, that there is a small correlation of about 0.20
between the science learning environment and science achievement.
The most interesting result of this study, though, was related to
the science classroom itself. We already know that most environ-
ments are subject to some genetic influence because of the process of
genotype–environment correlation. This is where the environments
experienced by an individual are affected by that same individual’s
genetic propensities. However, it was still surprising to find that
genes influenced 43% of the differences between teenagers’ expe-
rience of their science classroom, and that shared environmental
factors could only explain 3%. Nonshared environmental influ-
ences explained 54% of the differences between our 14-year-old
twins in how they perceived the environment in which they are
taught science. In other words, the way in which young people
perceive their classroom is highly subjective and influenced almost
entirely by their own genes and their own experiences within it
rather than the kind of objective measures that would typically be
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explored in any traditional assessment of classroom environment
or educational quality.

Also, the correlation between science achievement and science
learning environment, small as it is (0.20) turns out to be primarily
driven by genes (56%) although shared environment does have
some influence here (28%). This could mean that children who are
naturally disposed towards scientific achievement are more positive
about their science classes, and that children who are encouraged
at home to do and understand their homework are also more
positive about the experience than others. The questions we face
are: What exactly is it about the experiences shared by siblings that
could influence science performance? And, why would it be more
important at ages 12 and 14 than at age 9?

One possibility is that the differences between environments
shared by siblings increase after age 9. In terms of science this
might mean that some children go to secondary schools with
very good laboratory facilities and equipment while others go to
schools that are less well resourced. It might mean that some go to
schools that offer a general science qualification while others offer
more challenging separate courses and qualifications in chemistry,
biology, and physics. Given that these factors do not really come
into play until secondary school level, they might well lie behind
the greater shared environmental variance at ages 12 and 14.

Another possibility suggested by Haworth and her team is that
genotype–environment correlations work in reverse when it comes
to achievement in science. Normally the presence of genotype–
environment correlations increases heritability estimates. However,
if it is the case that children are being turned off science at quite
young ages then they may not be seeking out scientifically enriching
opportunities in line with their genetic potential. It is possible
that if all secondary schools were equally well resourced, giving
students the same amount of time to immerse themselves in science,
equivalent facilities for doing so, and the same range of course and
qualification choices, then shared environmental influence would
be lower. It would be interesting then to note whether heritability
or nonshared environmental influence would increase.
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As we mentioned earlier, the home environment may play a
key role. Given that the shared environmental correlation is so
high at a time when pupils go through a major change in their
education, home rather than school is likely to be the most con-
sistent environment at play. In a home where science is discussed
and where people fix things, discuss the plants and animals they
observe on countryside walks, experiment, or model aspects of
scientific inquiry in the kitchen, the garage, or the shed, children
may be better equipped for the scientific opportunities available
at school. This may represent a passive genotype–environment
correlation in which scientifically minded parents pass on a sci-
entifically stimulating environment to their scientifically minded
children, say by having copies of Nature on the coffee table or let-
ting them tinker with an old car; maybe getting out the chemistry
or electronics kits once in a while and playing with them with their
children. It might be an evocative genotype–environment correla-
tion in which the child who gets excited by the rock-pools at the
beach inspires a parent to spend ages there with them, find books
about beaches and sea creatures at home, and plan another trip
with more tools to allow more detailed exploration. Or it could
be an active genotype–environment correlation in which interested
children ask for science kits and metal detectors for Christmas,
trips to science museums for birthday treats, and find opportuni-
ties for experimenting at home. For science, more than any other
subject, measures of the home environment are likely to reveal a
difference, and more research in this area is likely to be rewarded
with interesting findings.

On the basis of what we do know we would advise some
consideration of the possible merits of backing away from science
as a subject until secondary school, when the time and resources
to teach it well are available. In an ideal world, scientific resources
would also be spread more equitably across all schools so that
the experience of the scientifically minded child in an inner city
school is as rich as that of the child in a high-end independent
school. We would also recommend using topic work to encourage
interest in scientific subjects at the primary school level without
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labeling them as “science.” More research into why children’s
scientific motivation dwindles so fast would be a helpful precursor
to designing suitable topic materials. We know from TEDS that
boys report slightly more interest in science than girls even at age
9, so perhaps ways of engaging girls with these topics could be
given special thought.

Differences Between the Sexes

This brings us back to sex differences in science achievement. It
is well known that there are fewer women than men in scientific
careers, and certainly fewer women than men in the top jobs in
science. Only one-quarter of the US and European science and tech-
nology workforce is female, and the proportion of women working
in “hard” sciences like mathematics and engineering is significantly
lower than that. But how early are the seeds of this division sown?

By looking at scientific achievement in our sample Dr Haworth
hoped to shed light on whether genes influence one sex more than
the other in the years before pupils choose courses at age 14.
In fact, what she found was that girls perform just as well as
boys, and that they are influenced by the same genes and the
same environments in equal measure. Roughly equivalent average
performance in science has been found in the United States in the
Nation’s Report Card, and around the world in the PISA study.
Girls and boys are not wired differently in terms of their scientific
aptitude and achievement at ages 9 or 12. If there is a discrepancy
between men and women in scientific careers (and there is: Steven
Pinker calls it the “leaky pipeline”) it is unlikely to be the result of
genetic influences on ability or even of environmental differences
at this early stage. If women do not pursue or succeed in scientific
careers for either genetic or social reasons these must kick in
during adolescence or adulthood. Given that genetic effects tend to
be stable, it makes more sense to look for social reasons.

Given that the documented declining motivation for science is
more marked for girls than for boys the discrepancy between men
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and women in the science workforce may reflect differences in
course choice rather than differences in ability. Motivation has
been shown to predict school course choice over and above grades.
In other words, children pursue subjects they enjoy rather than
ones they are good at.

Some developmental psychologists argue that the low number
of women excelling in scientific careers is simply a reflection of the
low number who want to pursue such a career in the first place. A
recent study, for instance, found that people who are good at math
and science – and also have strong verbal skills – are less likely
to choose a STEM career (Wang, Eccles, and Kenny, 2013). The
same study noted that the group with strong skills in both areas
contained more women than men. There is an argument that, on
average, women simply prefer to work with people rather than
objects or abstract ideas. In the United States, even in the top 1%
of mathematical ability, only one woman to eight men chooses a
career in mathematics, engineering, or “hard” science. The other
seven choose careers in medicine, biology, law, or the humanities,
typically to work with, and to help, people. If women, even those
with strong ability in science, choose not to become professional
scientists because other opportunities are more attractive to them
it is unreasonable to blame society or to label it discrimination.
In this case it is not at all scandalous that women do not occupy
half of the top jobs in science. What would be scandalous is if
they were qualified for and wanted those top jobs but were denied
them – something that has been true historically but, arguably, is
not any more – or if girls were not given the same opportunities in
school as boys, and in the world at large, to study science and to
pursue it as far as they want to and as far as they can.

It is also pointed out regularly in the media that although average
scientific ability is the same for both men and women, variance (the
difference between the most and least able tails of the bell curve)
tends to be greater for males than it is for females. What this means
in practice is that more boys than girls will be terrible at science
and more boys than girls will be scientific geniuses. For example,
although the math averages of American teenage boys and girls are
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very similar, at the level of the most mathematically gifted there
are 13 boys for every girl. Haworth checked the TEDS data to see
whether the variance showed in scientific ability was greater for
boys than for girls and found that it was (as it is for all cognitive
abilities). At ages 9, 12, and 14 boys and girls perform equally well
on average, but boys are slightly over-represented among both the
most and the least able science students. Given that students in
the upper tail of the distribution tend to pursue scientific careers
this may also partly explain why we find more men than women
working in science.

In Summary . . .

Behavioral genetics tells us that boys and girls tend to have equal
scientific potential. It also seems that this genetic potential interacts
differently with the science learning environment than it does in
subjects such as English and math. Pinning down precisely why
this is the case will have major implications for how the subject is
taught. In the meantime, we already have enough data to suggest
at least one hypothesis about optimizing scientific education in a
developmentally and genetically sensitive way. We will discuss this
further in Part Two.
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Chapter 7

How do IQ and Motivation
Fit In?

So far we have discussed genetic and environmental influences on
school achievement, and along the way we have described the
important finding that genes are generalists and environments are
specialists. When, in time, we identify the particular genes that can
account for individual differences in IQ scores we already know
that most of them will also have a significant effect on academic
achievement. This fits in neatly with what has been known and
shown for many years, namely that IQ can reliably predict all kinds
of success – academic, professional, social, marital, income, and
even physical longevity (it turns out that people with higher IQs live
longer) (Sternberg, Grigorenko and Bundy, 2001; Gottfredson and
Deary, 2004). It is not overstating the case to say that IQ is the best
single behavioral predictor of future success that we currently have.
Even early ability levels can be reasonably strong indicators of later
educational success, although IQ is not static and does change over
time. The fact that an IQ score is such a useful and relevant statistic,
combined with the fact that IQ can be improved environmentally,
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means that there is a place for IQ testing in personalized learning
programs and genetically sensitive schools. However, as with DNA,
people are often mistrustful of IQ scores and fear them as sources
of discrimination rather than support. This, we believe, is because
IQ test results are so often misinterpreted.

For instance, some schools use IQ tests for very young children
but do not take into account the fact that IQ changes over the
course of development and also that IQ can be taught. The
practice is widespread in the United States where many schools,
both public and private, attempt to identify gifted children at the
age of 4. Hunter College Elementary School for example is among
the most competitive and prestigious publicly funded schools in
New York City and exists to educate “gifted” children. There
are around 40 applicants for every place and the intrepid parents
who apply on behalf of their children pay hundreds of dollars for
them to sit an external IQ test. If the children score highly enough
(in the top 2% of the population) they are invited to the second
stage of the application process in which they will be observed
in a group setting. The 50 successful applicants – 25 boys and 25
girls – who are admitted each year are then entitled to progress to
Hunter College High School.

Since 2002 at least 25% of Hunter High’s graduating classes
have gone on to Ivy League schools. So acing the test and gaining
a place at Hunter Elementary comes with pretty good odds of
success later in life. And who doesn’t want that for their child? On
the one hand, the results vindicate the approach. If 25% of pupils
are getting into top schools and achieving well then the IQ screen
did a good job. On the other hand, if these really are among the
most able 2% of children in the United States, and they are being
educated in an enriched, accelerated environment, then why the
hell do only 25% of them get into Ivy League schools? Shouldn’t
the statistic, even allowing for chance and human error, be much
closer to 100%?

The mistake being made by schools such as Hunter College
Elementary is not that they use IQ tests – this should be a good
thing – but that they make false assumptions about the results.
While there is no doubt that you can use an IQ test to identify a
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“gifted” 4-year old, IQ isn’t static, and most children will score
differently as they grow older and experience different environ-
ments. Some will improve, while others see their scores dip. But at
Hunter College Elementary and other selective New York schools,
both public and private, once a child has been identified as gifted
they are entitled to keep that label throughout school, regardless of
their subsequent performance. The apparent definitiveness of this
single score is the problem. A child who does not make the cut at
4 years old is given no further opportunities to do so. The upshot
is that gifted classes do not achieve the results you would expect
them to achieve and children in “normal” schools and “normal”
classes quite regularly outperform their “gifted” peers. There is a
good genetic explanation for this.

Genes can explain roughly half, on average, of the differences
between people in terms of their cognitive ability. The other half can
be explained by nurture. That’s on average though, and these figures
repay closer scrutiny. Averages tell us little about individuals, and
IQ provides us with a particularly neat illustration of this.

We have known for some time that the heritability of IQ – we
will call it g (for general cognitive ability) as this is how the
research we cite refers to it – changes over time in a clear and
well-replicated pattern (e.g., Haworth et al., 2009). What scientists
around the world have found is that in the preschool years g is not
very heritable at all. In fact genes only explain around 20–30%
of the differences between preschool children in terms of g. A far
more significant influence at this stage is the environment shared
by siblings growing up in the same family, which can explain
around 60% of individual differences between young children’s
cognitive abilities. The children who are being read stories, chatted
to, shown how to play with developmentally appropriate toys, and
introduced to their world in an informative, stimulating way do
better than the children who aren’t. Therefore, to a large extent
Hunter College and its ilk are measuring the effects of the early
home learning environment (and quite likely a private tutoring
system) at least as much as they are measuring natural potential,
and probably more so. The fact that the influence of the home
learning environment wanes as children grow, and genetics comes



92 How do IQ and Motivation Fit In?

to the fore, does a lot to explain why children who appear “gifted”
at 4 do not necessarily look quite so gifted as they reach their teens.
IQ testing should be carried out regularly in schools and used to
support and inform a child’s progress. A single score at age 4 might
no longer be valid even by age 5. Also, IQ is not synonymous with
achievement, merely one predictor of it.

When thinking about IQ, and especially high IQ, one’s thoughts
quickly turn to MENSA, the society for those with a talent for
scoring very highly on IQ tests. MENSA describes its cognitively
high-flying members thus:

In education they range from preschoolers to high school dropouts
to people with multiple doctorates. There are Mensans on welfare
and Mensans who are millionaires. As far as occupations, the range
is staggering. Mensa has professors and truck drivers, scientists
and firefighters, computer programmers and farmers, artists, mili-
tary people, musicians, laborers, police officers, glassblowers – the
diverse list goes on and on.

It is clear from this, from everyday experience, and from highly
reliable research studies undertaken around the world, that IQ and
achievement are not the same thing. In fact, understanding the gaps
between IQ and achievement can make a very useful starting point
for personalizing each child’s education. If they outperform their IQ
what strategies do they use to do so? If they underachieve relative
to their IQ, why might this be? This approach gives us a clearer
understanding of a child’s potential and of the internal resources
they draw upon in school, be they cognitive or personality-based,
than either can give us alone. Equating IQ scores with achievement
is akin to believing that regardless of a driver’s experience and
skill the top spot in any motor racing contest will always go to
the person driving the car with the biggest or most sophisticated
engine. By this logic there’s no point even having the race. Prizes
should go to the engineers and mechanics but not to the drivers.

IQ and achievement are no more the same thing than car design
and motor racing success. They’re closely related; the best driver
in the world would struggle to win the Monaco Grand Prix in a
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Fiat Panda (unless that Panda were super-enhanced by a whole lot
of nurture and perhaps a sprinkling of magic dust). But equally,
the most powerful and sophisticated engine in the world, encased
in the most beautiful, ergonomic racing car ever made, would be
completely wasted on most of us. We would lack the personality,
skill, training, practice, and instincts to drive it quickly enough or
expertly enough to win a top-level race. Just as nature and nurture
have a symbiotic relationship, so, too, do IQ and achievement.
If IQ and achievement were the same thing, perfect predictors of
each other, then they would correlate 1.00, a perfect correlation. In
fact they correlate more like 0.50. For every child the relationship
between IQ and achievement will vary in strength at different ages
and stages. A great big chunk of school achievement is entirely
independent of IQ. So, although IQ might be the closest thing
learning has to an engine there’s a lot more than engine power that
goes into academic achievement.

Early enrichment programs such as Head Start in the United
States and Sure Start in the United Kingdom are built on an
understanding of the fact that IQ responds well to positive shared
environmental influences in the preschool years. Pump-priming
genuinely does work at this stage. Which is very useful if you
want to coach your child into a place in a gifted classroom at
age 4. They will reap the benefits for the rest of their school
life, even if their cognitive ability later plateaus. Whether it is the
best approach to giving underprivileged children the optimal start
in life is a question fraught with difficulty, and one on which a
consensus has not yet been reached. Head Start and Sure Start
benefit preschoolers in genuine and concrete ways – improved
cognitive ability scores – while they are still preschoolers but these
measured effects seem to disappear not long after they start school.
This highly disappointing but widely recognized finding can be
partly explained by the changing heritability of g.

Children can be given an IQ boost at an early age but it doesn’t
last. However, an argument can be made that there are side-benefits
to that temporary state of affairs that may have a more durable
influence. The early years are perhaps best seen as a developmental
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window in which a positive enriched environment can outweigh the
influence of genetic inheritance for a time. During that time young
children can catch the learning bug and develop a taste for success
before school, cynicism, and DNA, and the interaction between all
three, really kick in. Our hypothesis would be that this can enhance
motivation and whole-family attitudes to education and that this, in
turn, will make a difference to children’s experiences of school and
to the likelihood of them fulfilling their personal potential. A long
term follow-up study could perhaps find that early intervention
is valuable not for long-term IQ or academic achievement gains
but because it helps children vulnerable to failure to grow into
adults living useful and happy lives, contributing to society and
the economy when they might otherwise have proved a drain on
it. We explore this further in Chapter 10, in the light of research
conducted by a leading economist. Our research can, in some
ways, explain why Sure Start and Head Start do not lead to long-
term gains in objective markers of ability but we would be loath
to recommend the cessation of programs which provide families
and children with social support and pleasure, as well as learning
opportunities, without looking at other tangible ways in which
children, and society at large, may be benefiting from them.

But what about when children reach school age? If the influence
of the shared environment is decreasing from this stage on, what
purpose does school serve? At TEDS, we began to address this
issue in a small way by asking what achievement, independent
of cognitive ability, can tell us about how good a job a school
is doing and how much value it adds to its pupils (Haworth,
Asbury, Dale, and Plomin, 2011). When the TEDS twins were 12
years old we assessed them on a very wide range of measures,
including ability and achievement, and then corrected (statistically)
our measure of academic achievement for the effects of cognitive
ability. Another way of putting this is that we looked at the bit of
academic achievement that is not correlated with IQ. We wondered
whether by taking IQ out of the equation we would show more
clearly what difference schools actually make to the pupils who
walk their halls.
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One possibility was that achievement corrected for IQ would
prove to be a “pure” measure of school quality, the extent to
which schools “add value” to each child. This, of course, would
require that all genetic influence on achievement is contained in
the heritability of g, which was always unlikely. What we actually
found was that achievement corrected for g is only slightly less
heritable than before it was corrected. Genes still explain 40%
of the differences between children in terms of their achievement,
and these are different genes to the ones that influence g scores.
Contrary to our expectations we found that achievement corrected
for g showed even less shared environmental influence than before,
dashing any hope that it might prove to be a marker of school
effectiveness and that schools in themselves might act as effective
shared environments. In fact nonshared environmental influence
appeared to be significantly greater, accounting for over 50% of
the differences between 12 year old TEDS twins in achievement
test scores that had been corrected for the effects of g. In Chapter
9, we will discuss a study we have undertaken to explore what
kinds of nonshared environmental influences might be found in
schools. Possible candidates include relationships with peers and
with teachers, enjoyment of classes, and positivity about school in
general. We hope this line of research will show us the aspects of
school life that make a positive difference so that we can start to
design practical interventions to maximize their impact.

IQ + Genetics = Controversy
(and Name-calling)

Underpinning this chapter is the fact – and it is a fact – that cogni-
tive ability is subject to significant genetic influence, particularly as
children grow into teenagers and adults. And herein lies one of the
principal fault lines between geneticists and educationalists. The
fact that cognitive ability is subject to significant genetic influence is
a source of huge controversy. Even very well-informed critics worry
that publicly acknowledging a tangible physical basis for individual
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differences in IQ may lead to discrimination against less able chil-
dren. And yet, which of these people would deny that babies are
born with different temperaments and that some children are more
shy, daring, serious, or outgoing than others? Who could bring two
children into the world and fail to recognize this from the outset?

It seems to us that the idea of genetic influence is not objection-
able in itself, only when it is attached to traits that are emotionally
loaded in our society – the bases of our discrimination. Therefore
genetic findings that attach to intelligence, race, crime, or sexuality
are always given a lot of (usually wrongheaded) coverage in our
media; lines are drawn and tempers get frayed. When miscommuni-
cated, the fact of genetic influence on ability appears to threaten rea-
sonable political and moral debate. Genetic influence is all too often
mistranslated as genetic determinism, and that way lies the madness
of Nazi sterilization programs for those with a low IQ, and selective
breeding programs for those at the opposite end of the spectrum.
Such horrors of history are based on a willful distortion of science
and have led to a widespread public mistrust of genetics in general.

The truth is that next to nothing is determined by genes, and
our environments are hugely powerful. Ironically, one good way
to illustrate this is to look at one of the many misguided schemes
organized by genetic determinists. The program in question was a
sperm bank for Nobel Prize winners. It was set up in San Diego
around 30 years ago under the dry moniker of “Repository for
Germinal Choice,” later dubbed “The Genius Bank.” The founder,
Robert Klark Graham – inventor of the shatterproof spectacle
lens – believed that “retrograde humans” were breeding to excess
and that the only way to stop the harm this was causing was to set
up a breeding program for the most intelligent. He began by collect-
ing sperm samples from a very small number of Nobel Prize win-
ners. This in itself proved to be an inauspicious beginning: old men’s
sperm isn’t ideal for fertilization, however clever the donor. Gra-
ham then lowered his sights to successful, healthy MENSA mem-
bers. Married women who themselves were members of MENSA
were allowed to request a sperm sample; many have since reported
that it seemed like a reasonable way of screening for good genes. So
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why was it misguided? Well, it was based on two false assumptions:
first, that IQ and achievement are the same thing; and, second, that
they are entirely genetic and will breed true, like Mendel’s peas. As
we have discussed throughout this chapter, environment plays a
role in influencing IQ, and IQ alone does not predict achievement.
For better and worse we are more complex organisms, with more
complex behavior, than Mendel’s peas. The idea was to generate a
group of superbabies by making the process exclusive to those with
high IQs. In this respect the project failed. Even with an egg from
a high-IQ mother and sperm from a successful, healthy, high-IQ
donor father, the program’s 217 babies were born with a wide
range of abilities and grew into children and young adults with
an even wider range of abilities and achievements. IQ is not com-
pletely heritable and, anyway, is only one part of the achievement
story. It is, nonetheless, a powerful predictor and, if used wisely,
can help teachers to help children to reach their full potential.

This seems as good a place as any to reiterate that the science
of genetics does not pose a threat to the education system. The
genes for complex traits such as learning ability and IQ are never
deterministic. Our aptitude for intelligence and achievement is not
hard-wired and is subject to a panoply of experiences as well as
to our unique genetic code. The understanding of a child’s genetic
inheritance, the possibility of which is only just beginning to emerge
from research, simply helps us figure out which buttons to push to
help realize that child’s potential. Furthermore, even at the molec-
ular level, genes do not behave in predictable ways; they can be
switched off and on, or have their function or their volume altered
by environmental experiences. This, again, undermines the idea
that our abilities and behaviors can be predetermined. We’ll say it
one more time: genes are not deterministic. We need to move on and
apply the many powerful truths of behavioral genetics to education.

Regular IQ testing can form an important thread as we observe
a child’s education from starting school through to leaving. It can
help us to ensure that children who begin to underachieve can be
spotted and helped back on track, and we can learn about strategies
that result in overachievement.
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Self-Confidence and Motivation

As we have said several times in this chapter already, IQ is just
one predictor of achievement, albeit a strong one; there are others.
Before genetic researchers became involved, a body of evidence had
already been amassed showing that how good you believe you are at
something – your self-perceived ability – can predict how good you
actually are at it. If little Johnny thinks he’s a great reader (whether
he can sound out Cat in the Hat or not) he can improve his chance of
becoming a great reader. We are currently finding the same pattern
as we look at predictors of GCSE math grades among the TEDS
twins.1 This finding has been partly responsible for the “Good
Job!” and high-self-esteem culture that has become prominent in
the Western world. There is now a backlash against this culture;
indeed, there is a compelling body of research, spearheaded by
Professor Carol Dweck of Stanford University, showing that if you
praise children too much, or in the wrong way, it can backfire.
We will explore the considerable potential of Professor Dweck’s
empirically-based “mindset” philosophy in Part Two.

The current consensus among psychologists is that parents and
teachers should praise effort rather than ability. In other words we
should praise children who perform well by saying “That’s bril-
liant; all your hard work really paid off!” rather than “That’s
brilliant; you’re so clever!” Research with children of all ages – even
toddlers – tends to show that children who are praised for ability
rather than hard work become fearful of failure and nervous of
taking risks, and that this in turn inhibits their progress. Praise for
ability actually makes them less confident and less successful (Black-
well, Trzesniewski, and Dweck, 2007; Gunderson et al., 2013).
And yet there is a correlation between self-perceived abilities and
achievement that has been found in many research studies including
TEDS. So what lies behind a child’s confidence in the first place?

Back in 1977 psychologist Arthur Bandura set out a hypothesis
that our behavior is strongly influenced by the beliefs we hold

1 GCSEs are national exams which schoolchildren usually sit in year 11
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about how capable we are and about how likely our efforts are to
lead to the outcomes we want. He called them self-efficacy beliefs
and claimed that they affect the choices we make, how much effort
we put into pursuing our goals, and how much perseverance we
show when faced with difficulties. There is an assumption, far more
simplistic than those underlying Bandura’s theory, that a child’s
belief in their own ability is the result of nurture and that if we
tell children they’re great often enough they will come to believe it
and reap the benefits. It emanates from the widely accepted societal
view that parents make children what they are, not by passing on
their genes but by treating them in particular ways – the “blank
slate” theory. Of course parenting is important, and there are a
million reasons to be nice to your children and to teach them how to
behave well and do what they can to succeed in life, but researchers
are finding evidence of heritability everywhere all the time and this
should change the way we think about child development. Parents
are hugely important in myriad ways, but we are not as powerful
in shaping who our children become as we have been led to believe.

Genetic researchers, including Dr Corina Greven working with
our own team, have examined the assumption that self-confidence
is the preserve of nurture, with surprising results which may help
to explain why unbridled praise doesn’t seem to have the desired
effect. Firstly, Greven replicated existing research in showing
that although g is the single best behavioral predictor we have
of academic achievement, self-confidence also has a significant
impact, and that this impact remains even when achievement is
corrected for g.

More surprisingly, it turns out that 51% of the differences
between the TEDS twins (when they were 9 years old) in terms
of their self-perceived ability in academic subjects was explained
by their genes. Self-perceived ability is at least as heritable as
IQ and almost as heritable as achievement. It is not, it seems,
solely a consequence of praise. Confidence genes seem to influence
school performance both in conjunction with – and independent
of – IQ genes, leading some to believe that in a roomful of equally
bright and high-achieving people it is those who are self-confident
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who will go the extra mile. In fact scientists have now added self-
confidence to the long list of traits for which specific genes are being
sought. People are beginning to see self-confidence as something
more akin to a personality trait than a fluctuating state of mind
that can be altered straightforwardly by praise and encouragement.
Hopefully, the genetic basis of self-confidence will, in time, help
psychologists and educationalists to tailor interventions to boost
self-belief, and in turn achievement, for individual children. It is
likely that different interventions will be required for those who
have a strong genetic predisposition to be self-confident than for
those with the opposite. And just as IQ has a genetic basis but a
person can be taught to perform better on an IQ test than they
naturally would, the same is true of self-confidence. Someone who
doubts themselves or their abilities can be given confidence training
that will help them over particular hurdles. This is surely something
that could form a valuable part of the school experience; we will
explore exactly how in Part Two.

Improving Confidence and Cognition
in the Classroom

So, what can we conclude about ability, self-confidence, genes,
and education? And what difference can our conclusions make to
teachers, parents, and educational policy makers? Well, to recap,
IQ is a useful but not a perfect predictor of achievement; it is not
very heritable when children are young but becomes increasingly
so as they go through school and enter adult life. Achievement is
also influenced by genes and this remains true when we remove the
effects of IQ. Self-confidence predicts achievement to a lesser extent
than IQ but is a significant influence nonetheless and, contrary to
popular belief, it is influenced by nature as much as it is by nurture.
So bright, confident kids tend to do well at school for both genetic
and environmental reasons.

Research so far suggests that the effective aspects of school are
those that are not shared by children growing up in the same family,
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that is, individual and individualized experiences. Identifying the
school environments that pupils experience as individuals – and
that make a difference to their performance – is a high priority for
our team. We are currently conducting in-depth interviews with
TEDS families in which identical twins are strikingly different to
each other. The aim is to identify the aspects of the learning envi-
ronment that really make a difference. However, while the research
process takes time the lesson that these unique or nonshared expe-
riences are the ones that make the difference is worth absorbing
in itself and is something teachers can usefully focus on, over and
above whole class or whole-school experiences, when planning
each child’s learning journey. Furthermore, the research suggests
that personalized learning goals may be just as usefully targeted at
outcomes like cognitive ability and self-confidence as they are at
the more standard fare of academic achievement, such as reading,
writing, mathematics, sport, and science.

Teachers must resist seeing IQ scores as markers of pure intel-
ligence that override all other evidence: it is likely that the vast
majority already do. Teachers should also be aware that IQ scores
can be improved by coaching, and that some parents will provide
this service for their children, meaning that results cannot neces-
sarily be assumed to have come from a level playing field. This is
especially true for matters such as entrance exams for private and
selective schools. IQ scores are not a straightforward marker of
ability, and furthermore they represent natural ability to different
extents at different ages. However, any gap discovered between a
child’s IQ and their achievement may help with identifying the best
buttons to push for their particular needs.

Perhaps it would be helpful to consider an IQ score (at an age
where it has stabilized and genetic influence has come to the fore)
as a “gift” but our ability to use it (to win top-level races with
that big, sophisticated engine) as a “talent.” In this view of things
it is surely talent that counts. From a scientific point of view this
makes a behavioral genetic study of over- and underachievement,
in relation to IQ, a research priority. If we understand the genetic
and environmental reasons why some children underperform while
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others overperform we have something that will allow us to tailor
interventions to individual children, ways of planting them in soil
that will help them to grow as fully as their natures allow.

And what about those educational establishments that allocate
a specialized education to children based on the results of a one-off
IQ test at age 4? Well, quite simply, don’t do it. It’s a waste of time,
resources, and talent. The children with the highest IQs at age 4
will not necessarily be the highest-scoring ones at age 7 or 10. Wait
until the children are older, or use IQ tests in a more regular and
versatile way, and you will find that you accelerate learning for
more of the right children, and that achievement rates will increase
accordingly. The other argument, of course, is that selection is
unnecessary if learning is truly personalized, and that not selecting
makes space for excellence in children with mixed profiles.

This brings us on to the issue of “gifted and talented” programs
in general. Usually “gifted” refers to high ability in academic
subjects such as mathematics, whereas “talented” refers to high
ability in nonacademic pursuits such as sports. The whole thing has
become horribly politicized and attracted a lot of parental anxiety
and social opprobrium in the United Kingdom. While some criticize
the use of resources to help children who arguably need them least,
others feel that exceptional children are ignored, and allowed to
coast, while most input is given to children who might with an extra
push meet national expectations and boost the school’s ranking.
Meanwhile, there is the whole separate issue of what happens to
the children who struggle at the bottom end of the spectrum, and
who have little chance of meeting national expectations.

All three groups are affected by the research on IQ and self-
confidence in that the more they have of each, and the more
tailored support they are offered to develop each, the better they
are likely to achieve. It is our view – but this is a personal rather
than a scientific perspective – that the bottom end of the spectrum
should always be the highest priority when resources are limited.
These are the children who need the most help to fulfill their
personal potential; the children having to work hardest. But when
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resources are plentiful we should think in terms of individuals
rather than groups to give each child a personalized education.

In conclusion, we would say that the development of IQ and
self-confidence, as proven predictors of academic achievement,
should form part of any good school curriculum. They are not
exam subjects but they may markedly improve exam results as
well as a whole host of other positive outcomes. The most viable
mechanisms for enhancing pupils’ cognitive abilities and self-belief
will be those that are not shared by the whole class. Therefore,
any sessions set up to enhance IQ or self-confidence will need to
offer pupils the chance to choose from a range of activities and
to make their own decisions about what they do and with whom
they work. Improvement in these traits should, we hypothesize,
mediate a positive relationship between learning environments and
achievement. The teacher’s role in these sessions may be more about
observation and tracking than traditional teaching. The bottom line
is that the education system can be improved if we use the school
environment to maximize genetic potential in these two areas.
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Chapter 8

Special Educational Needs:
Ideas and Inspiration

Given the importance of genes to learning ability and academic
achievement it is unsurprising that having too much, too little,
damaged or mutated genetic material can have a highly significant
impact on how we develop. A child with Down syndrome, for
instance, carries an extra copy of chromosome 21 – a case of too
much genetic material. This extra chromosome is, with a relatively
rare exception, found in every cell of the child’s body. Because there
has been a good amount of research into Down syndrome we now
know that the extra chromosome 21 alters the way the child would
otherwise have developed in some characteristic and predictable
ways. Babies with Down syndrome are often recognizable from
their facial features alone. They have almond-shaped eyes and
small ears and noses. Looking closer, a parent or physician will
often find a crease on the palm of the baby’s hand, thickening at
the back of the neck, and a gap between their big toe and their
other toes. The extra chromosome also often leads to heart and
respiratory problems, a tendency to hearing and vision deficiencies,
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low muscle tone, and anomalies such as teeth emerging in an
atypical order. What is not obvious at birth is the way in which the
extra chromosome 21, one of the smallest of our chromosomes,
has impaired the child’s ability to learn. All children and adults
with Down syndrome have impaired learning. Even the most able
person with Down syndrome is significantly less able, in terms of
academic and cognitive ability, than they would have been without
that extra genetic material.

There are over 1,000 genetic conditions, mostly less common
than Down syndrome, which are also known to be detrimental to
learning and cognitive ability. Children with Williams syndrome,
for example, lack a series of genes on chromosome 7 – too little
genetic material – and as a direct result have distinctive “elfin”
features and can experience health problems such as narrowed
arteries and raised calcium levels in infancy. Almost all children
with Williams syndrome have a below-average IQ and many score
well below the normal range. In Prader–Willi syndrome a handful
of deleted genes on the copy of chromosome 15 inherited from the
father (in most cases) can cause mental impairment, low muscle
tone, hormonal imbalance, and very often an obsession with food.

Children with any of these genetic or chromosomal conditions
can give us a valuable insight into the way that our genes work.
For example, the fact that a slight alteration, addition, or reduction
of our genetic information can affect so many aspects of our
anatomy, physiology, and health emphasizes the extent to which
genes are multi-taskers working in close conjunction with each
other. As we discussed in Chapters 4 and 7, genes are generalists.
It follows that close examination of the shared behavioral profiles
of people with any one of these syndromes can teach us a great
deal about genes and education.

These children are not the ones we have talked about in this
book so far. They are genetically distinct from the normal distribu-
tion in terms of their ability to learn. Their learning difficulties are
genetically caused, not just genetically influenced (although indi-
vidual differences between people with a particular syndrome are
likely to be influenced by genes and environments in the usual way).
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Many of the conclusions we have drawn from behavioral genetic
research, therefore, do not apply in the same way. Genetically
sensitive studies of ability and achievement in Down syndrome,
Williams syndrome, or Prader–Willi syndrome have not taken
place because such studies require very large numbers of twins and
adoptees; suitable samples are simply not available to us. How-
ever, although these children are not the focus of behavioral genetic
research we write about them here for three main reasons. Firstly,
any education system has a responsibility to consider the needs of
all children; our conclusions about the personalization of education
are as relevant to these children as to any others. Secondly, these
particular children offer us a significant opportunity to look at
individual differences that we know to have specific genetic etiolo-
gies. In doing so we have the chance to learn something about the
implications of genetic differences, including the more fine-grained
genetic differences to be found in the normal distribution, for edu-
cation. And thirdly, we may well find some pointers in the existing
specialist educational techniques applied to such children.

For the best part of two decades Professor Robert Hodapp of
Vanderbilt University has blazed a trail for the taking of specific
genetic causes of intellectual disability into account in education
(e.g. Hodapp and Dykens, 2009). Special education classrooms,
like mainstream classrooms, have often struggled to do this.
Different genetic etiologies mean that children with Down syn-
drome, Williams syndrome, Prader–Willi syndrome, or any other
diagnosed intellectual disability, have different needs and therefore
should not just be lumped together as a single homogeneous group
and taught in the same way as each other. Furthermore, children
with learning disabilities are likely to need different approaches
from their teachers than children with emotional or behavioral
disabilities, or children with profound and multiple needs. The
genetic anomalies that make these children different from the gen-
eral population also make them different from each other, and this
has important implications for their optimal education.

Children with Down syndrome for example have been found
to show a specific pattern of strengths and weakness in relation to
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learning. As a group (and, as always, individuals will often differ
from the average or norm for their group) they have a tendency to
do better with tasks involving visual rather than auditory process-
ing. So, when teaching a child with Down syndrome, it is important
to do a lot more showing than telling. This understanding has led to
educational interventions that appear to have very good results.
For example, children with Down syndrome are very likely to be
delayed in the area of language development. This makes sense
when you consider that auditory processing is a specific weakness
for many of these children. We learn to speak by listening to
and gradually engaging with the verbal stimuli around us. But
guess what helps? Teaching the child to read, ideally as young as
possible. Because children with Down syndrome often respond
well to visual stimuli, teaching language through the written rather
than the spoken word makes sense. And some children who have
been taught to read early have been shown to have age-appropriate
reading levels, significantly higher than their IQ, a strength that
could bolster self- and peer-esteem in the school environment as
well as having a beneficial effect on the child’s language skills.

Children with Williams syndrome, by contrast, are believed to
have a strength in speech and language skills relative to their IQ.
Their ability to communicate verbally is usually somewhat stronger
than their visuo-spatial capacities. When educating children with
this particular disability it is therefore better to present as much
information as possible verbally rather than visually. For those with
Prader–Willi syndrome, sequential processing – say, remembering
a series of numbers or hand movements – can be particularly
difficult, and such children are better at simultaneous processing.
This means, for instance, that learning to count is best done using
words in conjunction with real objects.

The different ways in which these groups of children learn are
largely driven by their genetic profiles, and each child will develop
more quickly and more fully if this fact is taken into account.
Children with Down syndrome who are taught verbally will, on
average, develop more slowly than they otherwise could, and chil-
dren with Williams syndrome taught using visual props may also
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fail to thrive. Children presented with learning approaches that do
not work for them are likely to become frustrated and disaffected,
compounding their learning difficulties. To make matters even more
complicated we are talking about averages for each of these groups
here, but the children need to be considered as individuals too.

Personalization is complex and, although group profiles can
steer it, the needs of the individual, rather than the average for
a group, always have to be the focus. However, the fact is that
teachers in special education face a situation in which they might
have a handful of children who learn visually and a handful who
learn verbally, as well as other children with a whole host of other
highly particular needs and challenging behaviors. The challenge to
educate each of these children in the way that will draw out the best
that they have to offer is considerable. Special education teachers
know better than anybody that standing at the front of a classroom
and delivering a single lesson with the aid of a piece of chalk or
even an interactive whiteboard is rarely if ever going to work. As a
result, special education teachers, because of their experience with
children with known group profiles, are likely to have very good
advice for the rest of us about personalizing education.

However, even in special education, where genetically influenced
individual differences are writ large and are therefore better under-
stood than in mainstream schools, there is a degree of despair about
personalizing education effectively. Professor Hodapp describes a
resistance to taking into account the different genetic etiologies of
intellectual disabilities when lesson planning for fear of what has
been termed the “Balkanization” of special education. In this sce-
nario, administrators fear that separate classes will be required for
children with different disorders and that it will become, frankly,
an administrative nightmare. This, in a nutshell, is what all resis-
tance to personalized learning – in both special and mainstream
schools – is about. We don’t have a good enough understanding
of how to do it, and to many it seems impossible. True personal-
ization may make genetic sense; it may be the best way to nurture
each child’s potential; it may even make for the ideal educational
system; but how can it possibly be put into practice? It’s a fair
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question, and it is the first one that we will begin to answer in Part
Two of this book.

The Expansion of Special Educational Needs

Our discussion of special educational needs so far has focused
on children with genetically caused learning disabilities, but these
are not the only children under the coverage of the special needs
umbrella. In the United Kingdom, parents can apply for, and be
awarded, a statement – a legally binding document that lays out
the extra support that their child needs and has a right to expect.
Statemented children make up 2.7% of the UK school population.
The children we have focused on thus far would usually be obvious
candidates for a statement, although in some areas – and especially
during budget cuts – their parents may, rather disgracefully,
still have to fight for it. A statement may lead, for example, to
a mainstream school being given money to provide the child
with a one-to-one helper. When this works well, the helper can
personalize the child’s education by taking the class teacher’s
lesson and presenting it in a way that is in tune with what they
know about the individual child and about the disorder that has
led to their statement. The success of the approach is dependent on
hiring people with the ability and will to personalize in this way,
and providing training so that they can keep up to date with new
methods of supporting such children. This approach can work
very well for learning disabilities and for behaviorally based special
educational needs such as autism and ADHD. A statement is also
a requirement for a child to be offered a place in a special school.

A child with no diagnosis who is not making adequate progress
in school can also be considered to have special educational needs.
When this happens in the United Kingdom at the moment –
although the system is currently in the process of a major overhaul,
which may withdraw the support these children need – the school
will put the child on the first tier of special educational needs
classification, which is currently called School Action. At this
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level, parents are informed that their child is not progressing
in a particular area; an Individual Education Plan is drawn up,
and the school puts extra help in place to support the child
to make adequate progress. This might involve extra tuition,
equipment, or basically anything that the school feels might make
a difference. If the child still fails to make enough progress they
are moved to School Action Plus, in which the school approaches
outside professionals such as speech and language therapists,
physiotherapists, counselors, or psychologists. In some instances
School Action Plus is appropriate as the first port of call.

This system, when it works, is a good approach to personalized
learning. A teacher spots that a child needs help and tries to provide
what they need for as long as they need it. What is quite interesting
is that the approach has led to estimates that as many as one
in five children in the United Kingdom have special educational
needs, a figure that has generated a somewhat hostile backlash.
One example, which has been cited in a rather sneering fashion in
the press, relates to children in one school being placed temporarily
on the special educational needs register because their fathers were
fighting in Afghanistan. But should we really sneer? If anxiety
about their fathers fighting in Afghanistan was interfering with
the children’s ability to learn then it is difficult to understand why
offering them extra support is a bad thing. Their special educational
needs are real and likely to exist only temporarily. Once again, it
is the labeling that causes the problem. It is the urge to classify and
define – to call anybody “special” – that seems to encourage others
to extend their claws.

And what of the other end of the spectrum, those labeled as
“Gifted” and/or “Talented”? Is high ability a special need? Are
these children an educational priority? Is this taking pandering to
the ambitious middle classes a little too far? Or is it a way of meeting
the needs of bright children that benefits them and all those around
them by not segregating them in selective schools? Are the brightest
children in our schools genetically different from the normal dis-
tribution? Do they perhaps have extra or deleted genetic material
that scrambles their DNA blueprint in a more cognitively fortuitous
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way than Down syndrome, Williams syndrome, or Prader–Willi
syndrome?

Well, we have already shown in TEDS that high g is affected by
the same genes as the rest of the normal distribution and that the
same is true of high ability in English and math. However, it may
be that if we assessed only the very highest-ability children (the
top 0.1% rather than the top 5 or 10%) we might find something
different going on. It’s not possible to carry out such assessments
with our research design because of the large samples required;
even though we have a very large overall sample it is still not large
or statistically powerful enough when we eliminate 999 of every
1000. However, on the basis of what we do know, the most able
children in a school have the same genes as everyone else. But does
it matter that the work being set for the majority of the class is too
easy or too boring for them? Well of course it does. If the relatively
slow pace of the class impairs a bright child’s ability to learn
then that is a problem that needs addressing and, yes, the child
has a special educational need for more stimulation, appropriately
tailored to their own profile of strengths and weaknesses. Just like
their classmates.

When “gifted and talented” children are added to the current
SEN mix we’re probably looking at one in four children having
special educational needs. In our opinion, this number is still far
too low: it shouldn’t be one in four or one in five, but five in
five. In our view, all children experience special educational needs
at some point. Their difficulties may be temporary or permanent,
caused by genes or environment, but they deserve an immediate,
sympathetic, personalized response for as long as it takes to address
the problem. Some of these children may need a statement of some
sort to protect their right to an effective education, but most need
no sort of labeling whatsoever. In an ideal world, what they need is
for the school to have a documented profile of their strengths and
weaknesses, including any genetic information available at that
time. This information could then be combined with knowledge
of the particular problem being experienced by the child to work
out the type of help required. If we take away labeling and begin
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to think just in terms of getting extra support for all children as
and when they need it then the special educational needs debate
loses much of its heat. For genetic reasons all children will find
some ways of learning, subjects, or experiences difficult. If they are
carefully tracked, monitored, and understood, then extra help can
be provided so that problems can be solved and children do not get
stuck with negative beliefs about their own ability, or unnecessarily
low achievement. Quite often children are referred to as “being”
special needs. No child “is” special needs but every child is likely to
“have” special needs at some point in their education. We discuss
ways of meeting these special educational needs in Part Two.

Personalized Learning in Action

Many families with young children with major diagnosed addi-
tional needs come into contact with the Portage service, an
approach to personalized learning named after the Wisconsin town
in which it was developed. Children are assigned a Portage visitor
who visits them regularly in their own home. During the first few
sessions the Portage worker will observe the child and, together
with their parent(s) or carer(s), will go through a developmental
checklist that has been broken down into tiny steps. They mark
each milestone the child has already achieved and then use this
information to set a baseline on which to build, a developmental
profile that is often uneven or “spiky,” as it reflects the child’s
actual development across a range of areas.

At this point the Portage home visitor will set named goals for the
child to work towards over the next few months. Each visit they will
introduce toys and activities to help the parent support their child
in achieving these goals. The system is based on finding out what
a child can already do and building on this, rather than focusing
on what they can’t and remedying it. The baseline represents the
child’s own unique and often uneven developmental profile rather
than that of the average 1-, 2-, 3-, or 4-year-old with (or without)
their particular diagnosis. In Chapter 14, when we discuss what
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personalized learning might look like in a genetically sensitive
school, we will draw some lessons from this insightful approach to
guiding all children to fulfill their own unique potential.

In Summary . . .

The very fact that the special educational needs system exists tells us
that children with specific requirements cannot be taught effectively
with a single method. Instead they must be offered an education
that is more focused on them, taking into account their genes and
their particular learning profile. We believe there is a lesson here
for mainstream education, where children are too often treated as
if they are all exactly the same. They are not. Thanks to genetic
and environmental influences, all children have special educational
needs of one sort or another at one time or another. Impractical
though it may appear to be, mainstream schools need to provide a
similarly personalized approach to their pupils. That’s the theory.
In Part Two we’ll attempt to put it into practice.
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Chapter 9

“Clones” in the Classroom

So far we have mainly focused on the effects of genetic influence on
achievement, ability, and disability. Now we turn our attention to
the environment, in particular the learning environments that chil-
dren are exposed to in their schools. We ask how much difference
does what goes on within a school or a classroom really make. It
should be a no-brainer, but it isn’t.

By 2005, after exploring the 3Rs and Science over the course
of several years in TEDS, we had found no statistically signifi-
cant relationships between the school environment and academic
achievement, and it wasn’t for lack of trying. We had asked thou-
sands of children, parents, and teachers about class sizes, school
buildings, resources like books and computers, chaos in class-
rooms, and a whole host of other oft-cited factors and yet, when
we fed their ideas into genetically sensitive studies, these factors
did not add up to a hill of beans. That is to say, they accounted
for almost none of the differences between our children in terms of
their achievement. The environment within a school, it appeared,
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had no impact on children’s academic performance. This finding
drove us nuts. It drove us, in time, to write this book. But first of
all it drove us to try a little bit harder. Maybe our measures weren’t
sensitive enough? Maybe we were missing something?

We already knew that the important influences were likely to
be nonshared and that the cleanest way of identifying nonshared
environmental influences is to look at differences between identical
twins. So that’s what we decided to do. By using identical twins
we can control for genetic effects; if there is a difference in their
achievement it has to be caused environmentally.

Around this time Professor David Almeida, a psychologist from
Pennsylvania State University, came to visit. Professor Almeida is
an expert in diary studies. Instead of asking people to answer one-
off questions about themselves he asks them to report regularly
(daily or even several times a day) on their activities, thoughts, and
feelings. He believes that the experiences that really cause problems
in life are the little, niggling, cumulative ones, the ones that grind
you down. His diary method captures the stress lurking in people’s
everyday lives, and he is fond of quoting a remark attributed to
Chekhov: “Any idiot can face a crisis – it’s day-to-day living that
wears you out.”

Professor Almeida usually conducts his research with middle-
aged people coping, to greater and lesser degrees, with the respon-
sibilities of work, parenting, mortgages, health problems, bills, and
caring for their own ageing parents. Unsurprisingly, he finds plenty
of stress with which to work. In discussing our problem with him
it occurred to us that perhaps his diary methodology would allow
us to get closer to young people’s experiences of school than the
questionnaires we had used so far. Also, in an age in which we
are told that childhood stress is on the rise, it would allow us
to look at the impact of stressful experiences in school. Maybe a
more in-depth approach would allow young people to identify the
aspects of the school experience that we were missing, the magic
that makes school work.

Together with Professor Almeida we designed a diary measure
of the school environment to send to our identical twins. We began
to feel a little more optimistic. Our plan was to begin by talking to
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a sample of 50 or so pairs of identical twins every school day for
two weeks. We planned to ask them the same questions each day
and then analyze the data to see whether their answers correlated
with their teachers’ reports of their achievement.

We started by devising the measure we would use for our
daily diary interviews. We began with a series of questions about
peer-related stress at school, including: “Did you argue with a
pupil in your class today?” and “Were you excluded or left out
of anything by someone today?” We then moved on to academic
pressures: “Did you struggle to understand something in class
today?”; “Did you fail to hand in some homework that was due
today?” We also prepared a list of questions about relationships
with teachers: “Did your teacher call on you to answer questions
today?”; “Did your teacher tell you off today for not listening in
class?” Although we felt that stress was a potentially important
aspect of the school experience that had not been looked at in a
genetically sensitive study before, we also wanted to focus on the
positive side of formal education in a new way. For this we used
the psychological concept of “flow.”

“Flow” was first described by psychologist Mihalyi Csikszent-
mihalyi, and is a measure of how engaged we are in the activities
we undertake. To some extent it is a measure of happiness, at
least for the duration of the activity in question. Csikszentmihalyi
describes a person “in flow” as being deeply involved in an activity
they find enjoyable; not being bored; and not having to make any
effort to concentrate. He designed a “Flow Questionnaire,” which
opens with three quotations: one from a rock climber, one from a
composer, and one from a dancer, all along the following lines.

My mind isn’t wandering. I am not thinking of something else. I am
totally involved in what I am doing. My body feels good. I don’t
seem to hear anything. The world seems to be cut off from me. I am
less aware of myself and my problems.

After reading these quotations respondents are asked whether
they have experienced similar feelings and which activities
prompted them (Csikszentmihalyi and Csikszentmihalyi, 1988).
By doing this they identify their own “flow” activities, which can
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be as extreme as rock climbing or as mundane as washing the car.
They then answer a series of questions about the “flow” activities
they have identified. We decided to adapt Csikszentmihalyi’s
questionnaire for our study and defined English, mathematics, and
science lessons as potential “flow” activities. We planned to ask
the twins in our study about how “in flow” they had been in these
lessons each day by asking to what extent they agreed with a series
of “flow”-related statements, e.g. “I get involved”; “I get anxious”;
“I knew exactly what I was meant to be doing”; and “I got bored.”

Finally, we planned to finish our daily diary interviews with a
rather rough and ready single-question measure – because this was
a pilot study, a good place to try things out. We would simply ask
the twins which number between 1 and 10 best described their day
at school if 1 was the worst day they could possibly have and 10
was the best.

Once the measure was ready and had been tested for feasibility
on a small sample of children our interviewers began to phone
around a socially representative sample of TEDS families with
10-year-old identical twins to ask if they would like to take part.
The response was positive, typical of the ongoing generosity of the
families in our study. Over a two-week period our interviewers
spoke to 60 or so pairs of twins every evening after school, and
asked their teachers to rate them in terms of their achievement
in English, mathematics, and science. Responses were fed straight
into our database and we waited on tenterhooks, hoping for a clear
sign of how the environment within a school works to influence
achievement (Asbury et al., 2008).

It didn’t come. It is fair to say that on the first day we worked with
our exciting new dataset we were more than a little disappointed.
There were signs here and there of experiences that looked as
though they might matter, at least a little bit, but there was no
Eureka moment. That said, when we returned to the data with our
tails between our legs and our expectations lowered we found little
hints of gold in the otherwise murky river.

The first glint came from the fact that although peer, aca-
demic, and teacher stressors did not appear to be associated with
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achievement in general, they were negatively associated with chil-
dren’s “flow” and their positivity about the school day. Stress at
school appeared to be negatively linked with happiness at school.
The correlations between peer and academic stressors and “flow”
were statistically significant. It wasn’t what we had set out looking
for, but it was a start.

What we were especially interested in, though, was finding
statistically significant correlations between differences in school
experience and differences in achievement within an identical twin
pair. Because both children in an identical pair share all of their
genes, any differences between them have to be caused environmen-
tally. If differences in their experience correlate with differences in
their achievement it means that the experience in question works
as a nonshared environmental influence. We were working from
the assumption that school should be packed to the rafters with
nonshared environmental influences on most aspects of behavior,
but especially achievement.

We did find some statistically significant correlations. Firstly, we
found that if one identical twin experienced more peer stress than
the other, that same child was less likely to report being happy,
engaged, and “in flow” during their English lessons. However,
although the child with more peer group difficulties was less happy
in English classes this did not necessarily mean that they performed
less well. Neither identical-twin differences in peer problems or
“flow” correlated at a statistically significant level with identical-
twin differences in English achievement. This finding might have
come about because the teacher ratings we used were too blunt
to capture small differences; because our sample was too small to
capture statistically significant correlations; or because there really
is no link. For instance, our teachers gave us ratings of, say, 3, 4,
or 5 when, in reality, pupils are assessed as being at a Level 3A,
B, or C or 4A, B, or C and pupils are expected to improve by
approximately two sublevels per year. In practice, this means that
if one twin is a 4A and the other a 4C one is working a whole year
ahead of the other, and yet our data could not capture this. That
said, even with the significant limitations of a bluntness to our



120 “Clones” in the Classroom

teacher ratings and a small sample size, the correlation between
differences in peer stressors and differences in English achievement
actually came very close to achieving statistical significance and, for
this reason, will remain in the melting-pot for the bigger study we
plan to carry out next. We are cautiously optimistic about finding
a statistically significant relationship between peer problems and
achievement.

Next we found that identical twin differences in peer stress
did in fact correlate significantly with identical-twin differences in
mathematics achievement, with the child who experienced more
problems performing less well in math. Also, identical-twin dif-
ferences in “flow” in science lessons correlated significantly with
identical-twin differences in science achievement. This research sug-
gests, albeit very tentatively, that helping children to manage their
relationships and their feelings about any problems within those
relationships (easier said than done of course), and finding ways of
really engaging them in lessons, particularly science, may turn out
to have a measurable effect on achievement, independent of the
DNA each child brings to the table. This is vague but promising,
something for us to work with.

In more recent research we have been talking to parents of
identical twins aged between 16 and 18, trying to account for
differences in how well they performed at GCSE. It is worth
noting that we do not see many major differences between identical
twins’ examination results, confirming our findings at younger ages
that genes are highly important in the development of academic
achievement. However, we do see some, indicating important
environmental influences, and the families concerned often mention
the peers hypothesis. For instance, we spoke to the parents of one
pair of 17-year-old identical twin boys, Daniel and Mark (not their
real names). Mark achieved 10 A*–C grades in his GCSEs and
was studying A-Levels 1 and aiming for a university place to study
music technology. Daniel on the other hand managed four GCSEs
with A*–C grades, went to college to do a vocational course, but

1 A-levels are national exams linked to university admission, usually taken in year 13.
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failed the first year and was unemployed and seeking on-the-job
training. These are highly significant differences in achievement
that are likely to have major influence over differences between the
boys’ experiences of adult life. In fact, the differences are already
beginning to show, although not necessarily in the ways we would
expect. Mark is experiencing more stress and isn’t going out much
because he’s worried about not keeping up in class, whereas Daniel
is spending a lot of time at the gym and enjoying an active social
life. When we spoke to their parents their first response was just
that Mark put in more effort and it paid off. “Daniel spent too
much time messing about, being the classroom clown.” And yet,
the presence of a stronger work ethic in one twin than the other
still remains to be explained.

When we discussed differences in Daniel and Mark’s experiences
and their achievement in a little more detail we found out that the
boys were in separate classes throughout school, providing ample
opportunity for nonshared experience, and in the first couple of
years seemed to be doing equally well. By the end of primary
school, however, Mark was regularly outperforming his brother.
When asked to think about this a little more their parents quickly
turned to the effect of friendships. Although Daniel and Mark were
“best friends from being born” and had some friends in common
they generally moved in very different circles and “It’s all about
the company you keep.” They describe Mark’s friends as kids
who were motivated and intelligent, whereas Daniel’s friends were
fun-loving and not too worried about meeting expectations. This
is just one example and, as others have pointed out, the plural of
“anecdote” is not “data.” However, the facts remain that many
parents worry about the impact of negative friendships on their
children, and our pilot study has highlighted peer relationships as a
potential source of nonshared environmental influence on academic
achievement. In terms of genetics Daniel should have been able to
achieve everything that Mark has achieved but something – and
friendships are one possibility – stopped him. There has been some
behavioral genetic research into friendship, and also bullying, and
it seems like a good idea to bring this research into the educational



122 “Clones” in the Classroom

context and think about what, if anything, can be done to help
young people to make and maintain healthy friendships that may
have a positive impact on their success in school.

Positivity and Achievement

Finally, our crudest measure – rating the day overall on a 1–10
scale – came up trumps. Identical-twin differences in average day-
rating were correlated at a statistically significant level with
identical-twin differences in mathematics and science achievement.
Put simply, the twin who was more positive about school did
better in math and science. There is of course the chicken-and-egg
possibility that the child doing better in lessons was more positive
about school, but the relationship is interesting nonetheless.

So, by the end of our study we were left with the hypotheses that
positivity about school, “flow” in the classroom, and peer stress,
work as nonshared environmental influences on achievement. We
also saw significant relationships between peer and academic stress
and “flow”; and, in some subjects at least, between “flow” and
academic achievement, which suggests a possible chain-reaction.
We also saw that stress was negatively associated with “flow,”
suggesting the hypothesis that classroom stress is linked to low
morale and that this low morale, in terms of “flow” and positivity,
has a negative knock-on effect on academic achievement. Perhaps
there would be merit in teaching children how to handle stress and
achieve “flow” as a means of boosting their academic performance?
Such “thinking skills” could prove to be a powerful part of the
curriculum – an idea we examine further in Part Two.

Clones in the Classroom

One of the most striking aspects of this study, which replicated
previous studies, was that identical twins in the same classroom
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had different experiences within it and different perceptions of it.
If you think about this, it really is quite astonishing. These children
are, genetically speaking, clones of each other and yet, even when
raised in the same family and educated in the same classroom,
they experience the world differently. Even with the short two-
week period in which we studied them, these twins perceived
their experiences to be different from those of their co-twin. Far
from correlating 1.00 they correlated less than 0.50 for peer
stressors and relationships with their teachers. The same was true
of their “flow” in science lessons, where they correlated only 0.36,
suggesting that enjoyment of science lessons (and relationships
with peers and teachers) is more heavily influenced by nonshared
experiences than it is by either genes or the shared environment.
Identical-twin correlations for academic stress, “flow” in English
and mathematics classes, and positivity about school (average day-
rating) did not exceed 0.50 by very much either. By contrast,
identical-twin correlations for English, mathematics, and science
achievement were all around 0.80, suggesting a much stronger role
for genes and, possibly, shared environment on achievement than
for perceptions of experience.

How does one child come to perceive (or objectively experience)
more problems with schoolwork and relationships than their genet-
ically identical co-twin – to all intents and purposes their clone?
Chance has to be a contender. Also, environmental differences
beginning at conception – position in the womb, access to the pla-
centa etc. – may set identical DNA packages on their way into
diverging universes where every choice and experience enhances
each twin’s individuality. What we see in the data, though, is that
school does act as a nonshared experience, at least subjectively,
and as such may influence behavior, personality, and lots of other
traits. However, we are not a great deal wiser about whether and
how it influences academic achievement. This requires serious con-
sideration and exploration given that, as the title of a well-known
book on the subject tells us, children in much of the Western world
spend a minimum of Fifteen Thousand Hours of their childhood in
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compulsory education (Rutter, Maughan, Mortimore, and Ouston,
1979). On a personal level, if you think over your own experience
of education what evidence of nonshared environmental influence
do you see? We predict that most people will see a great deal. Were
you inspired by a particular teacher? Did you get a great part in
the school play that opened up doors for you? Did you feign illness
to stay at home because you were bullied in school? Did your
best friend leave the school or ditch you? There are opportunities
for nonshared environmental influence on every school corridor
and in every school classroom. The challenge is to pin down how
they work and their areas of particular influence. As we mentioned
earlier, we’ve taken up this challenge in a new study, again talking
to identical twins and their families, in which we aim to figure
out the aspects of education that really make a difference to the
achievement, wellbeing and decision-making of young people as
they prepare to leave school.
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Chapter 10

Mind the Gap: Social Status
and School Quality

Somehow, working-class kids have been cast as both the heroes
and the villains in the media’s education fairytale. On the one
hand there are the few who, in spite of being born and brought
up in relatively inauspicious circumstances, get scholarships to
selective schools or places at Oxford and Cambridge, Harvard and
Princeton – the rags-to-riches stories. Cinderella anyone? News-
papers like photos of these kids almost as much as they like
photos of bouncy girls in short skirts waving around their notific-
ations of successful exam results – and that’s saying something.
On the other hand, many more of these kids don’t get good exam
results, and the schools they attend are precisely the schools that
ambitious middle-class parents are moving house to get away from.
Newspapers profess themselves saddened and scared by the photos
they choose to print of these young people – usually spotty youths
with menacing expressions and hoodies (not the Little Red Riding
Hood kind). They are often smoking, pregnant, or both. Find a
school that has been designated as failing and you can bet your
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bottom dollar it isn’t situated in a leafy suburb, nor populated by
the sons and daughters of teachers, doctors, lawyers, and accoun-
tants. And when the discussion is narrowed to boys, as it so often
is, we’re pretty much exclusively in the realm of baddies. Working-
class education is, it seems, a slough of despond characterized by
low aspirations, low income, low status, and nascent lowlifes.

So what’s really going on? Is this impression that does so much
to drive the hype about school choice actually a fairytale or just
fair and accurate reportage? Do children brought up by parents
with few or no educational qualifications, low occupational status,
and low income in a tricky neighborhood necessarily do badly at
school, and if so, why?

Answering these questions brings up some complicated and
uncomfortable truths. The first of these is that socio-economic
status (SES), which in this context usually refers to parents’ educa-
tional qualifications and occupational status, is as good a predictor
of academic achievement as IQ (with which it is also correlated).
This has been shown in studies all over the world. In spite of
all the emphasis on school quality, as measured by Ofsted in the
United Kingdom, SES leaves it trailing in the dust when it comes
to predicting how well children will achieve in school (Walker,
Petrill, and Plomin, 2005). Humble beginnings, it seems, are often
associated with lowly outcomes.

The second uncomfortable truth is that SES is partly heritable.
Genes can explain approximately half of the differences between
people in the educational qualifications they gain, and 40% of the
variability in the status of the jobs that they do. It sounds odd to say
that an aspect of a child’s environment, such as their family’s social
status, is influenced by genes but really it is unsurprising when
one considers genetic influence on academic achievement and how
this has to feed into educational and occupational status. We also
know that genes can explain 30% of income differences, sometimes
included in measures of SES. Other categories of SES have also been
proposed based on economic capital (wealth assets), social capital
(the people you associate with) and cultural capital (the books you
read, concerts you attend, museums you visit etc). There has been



128 Mind the Gap: Social Status and School Quality

no genetically sensitive study of these additional aspects of SES,
but we predict that they are likely to show even greater levels of
heritability as they capture more of an individual’s achievements,
proclivities, and preferences. Given that parental SES is heritable,
and that children’s academic achievement is also heritable, it is
not especially surprising that genetic research has found the links
between SES and achievement to be partly mediated by genes. In
sum, SES is influenced by genetic as well as environmental factors
and this, for many, represents an uncomfortable truth.

Furthermore, in the United Kingdom the social class gap for
achievement is one of the widest in the developed world. On the
face of it this evidence is depressing. Kids born to low-status parents
seem to have the deck stacked against them. Both genes and envi-
ronment are working against them and their families. They are mas-
sively over-represented in estimates of children currently labeled as
having special educational needs. The gap between them and their
middle-class counterparts is evident long before they start school
and it only widens over time. By the same token, though, we know
that environmental factors influence SES at least as much as genetic
factors and that the environment can be used as an agent for change.
We also know that some pupils from low-SES families achieve very
high levels of academic success, and we suggest that an important
way forward for research is figuring out how and why these children
are able to do so well. If we can answer that question we will have
more power to promote the environmental influences that make a
positive difference to children and young people from economically
and socially disadvantaged backgrounds. We will be able to iden-
tify new ways of reducing inequality and drawing out potential, by
working with rather than against children’s genetic makeup.

Behavioral genetic research cannot turn the observable evidence
on its head; SES really does predict achievement, partly for genetic
reasons. What behavioral geneticists can do, though, is dig a
little deeper to uncover the particular genetic and environmental
influences at work, and begin to understand how they might work
together. It is worth noting here that there is a general consensus
that education is the best mechanism for equalizing opportunity and
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promoting social mobility. However, some recent sociological work
(Goldthorpe, 2012) suggests that the story might not be as simple
as this. We may need to look beyond schools for the environmental
factors that influence SES and social mobility, and that might be
involved in positive genotype–environment correlations. Children
learn at home as well as at school, and personalizing all learning
environments is likely to enhance genetic potential.

Low SES: What Does It Look Like?

We begin by trying to describe a small part of what it means to
label a family as low-SES; and how the experiences of such families
are likely to differ, on average, from those with higher social
status. Who hasn’t watched a posh politician talking about “the
underprivileged” on the news and wished for some genuine, non-
cartoonish understanding of the complexities and contradictions
involved in people’s lives?.

A working-class family is likely to be poorer, in terms of money
coming into the house, than a middle-class family. This relative
poverty can affect all aspects of a home environment and has an
impact on the children growing up in it. A recent UK study, for
example, found a strong and significant effect of income poverty
on cognitive function in 5-year-olds (Schoon, Jones, Cheng, and
Maughan, 2012). Low income, we know, has knock-on effects,
including parental stress and a lack of resources to pay for extras
such as swimming or music lessons, educational trips and out-
ings, IT equipment, books, and sports kit. Children growing up
in income-poor families therefore do not experience equality of
opportunity in this regard. This is true throughout their educa-
tion, so they are less likely to be exposed to resources such as
private tutors when they struggle with a subject, constraining their
achievement and their future prospects. While stress is certainly
not the sole preserve of low-SES families, the resources we mention
are routinely available to well-off children, affording them more
chance to develop and find their talents. It is no coincidence that
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the pony-club set tend to look and sound very middle class and
are not usually the children of cleaners, call-centre workers, or
the unemployed. Equalising these opportunities may represent one
way of leveling the playing field. It is worth noting though that
equalizing environments will not decrease heritability estimates.
On the contrary, as we argued in Chapter 3, heritability can be
seen as an index of equality. When the environmental playing field
is level then genetic differences between individuals will be more,
not less, visible. In Chapter 1 we made a case that this seems,
at worst, a small price to pay if all children are receiving equal
opportunities to fulfill their potential. At the moment, children
from low-SES families do not experience equal opportunities: that
is a problem we can perhaps do something about, to the benefit of
disadvantaged children and young people.

Research has shown that, as well as being poorer, children in
low-SES families are talked to less than children in higher-SES
families, and often start school with significantly less linguistic
knowledge (Purcell-Gates, McIntyre, and Freppon, 1995). Parents
in working-class families, on average, spend less time with their
children and are less responsive to their needs than better-off, more
educated parents. This could reflect lack of time, an excess of
stress, or a different approach to parenting, but it does appear to
be linked with their children’s cognitive development. A genetically
sensitive study of this phenomenon could tell us more about how
the link works. This finding has led some researchers in psychology
and economics to advance the argument that disadvantage is more
about a lack of stimulation than a simple lack of financial resources.
This is one avenue for future genetically sensitive research. For
instance, a home-based Portage-like service, currently only offered
to preschool children with diagnosed special educational needs,
could perhaps be offered to children in disadvantaged families.
Portage home visitors could focus on modeling useful ways of
stimulating child development through play and communication.
The benefits of this could be assessed in an experimental trial.

Other aspects of the home environment that have been
shown to have a negative impact on cognitive ability and school
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achievement – and that are more commonly found among low-SES
families – are chaos and crowding (Melki et al., 2004). The US Cen-
sus Bureau considers homes occupied by more than one person per
room to be crowded, and in 2000 more than 5% of US households
met this criterion; according to the 2001 UK Census, the figure in
England and Wales was 7%. By this definition a home with a living
room, kitchen, bathroom, and two bedrooms is crowded if it is
occupied by six people or more, but is adequate for a couple with
three children. Even after controlling statistically for the effects
of SES, children from crowded homes were found to experience
high levels of stress, behavior problems, and delayed cognitive
development. We also know that parents in crowded homes are
less responsive to their children. Researchers have hypothesized
that this may reflect adults unintentionally withdrawing from their
children as they try to cope with constant and noisy demands
for their attention. A recent study (Evans et al., 2010) showed
that residential crowding in early childhood can predict cognitive
development at 3 years of age and that the link was largely
mediated by mothers not responding very well to their children.
We know that parental responsiveness matters and that crowding
is harmful to children, in both the home and day-care settings.

Chaos is related to crowding, and to SES, but research has
shown that chaos predicts academic achievement even when the
effects of SES have been controlled for. The children who do well at
school tend to come from relatively quiet, orderly homes with pre-
dictable routines. It has been shown that children in noisy, chaotic,
disorganized homes tend to withdraw from academic challenges
and show low expectations and low levels of persistence with their
schoolwork (Brown and Low, 2008). The more chaotic children
perceive their homes to be, the poorer their performance in school.

A recent and genetically sensitive study of this phenomenon
asked whether the correlation between chaos and achievement is
mediated by genes or by the home environment. This research,
carried out by Ken Hanscombe of the TEDS team, started from
the premise that genes influence achievement but that they might
also influence children’s subjective perceptions of the level of chaos
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in their own homes. This turned out to be true. When we asked
our 12-year-old twins about chaos in their homes and families,
identical twins gave more similar responses than non-identical
twins, suggesting that perceptions of the home environment were
influenced by genes. This led to a hypothesis that nature as well
as nurture may perhaps mediate the relationship between chaos
and achievement. Analysis of the data confirmed this hypothesis.
Two-thirds of the relationship was mediated environmentally and
one-third genetically. The environmental influence here makes
intuitive sense. A child in a chaotic home may not have a quiet
tidy space in which to do their homework, or may not have been
supported in establishing a routine for getting it done. They may not
be able to find the books and other resources that they need when
they need them. They may be tired if they do not have a consistent
bedtime routine and may not be able to concentrate because
of fatigue or because the noise of the TV or of shouting makes it
difficult. But how does the genetic part work? Well, we don’t exactly
know, but we suggest that it is very likely to depend on whose
genes are mediating the link between high levels of chaos and low
levels of achievement, something we will explore in future research.

So, if the parents’ genes are to blame then we have an example
of passive genotype–environment correlation. Parents who create
chaotic home environments may not encourage high achievement
in school and may not take an interest in homework, at least
partly because of a genetic predisposition not to do so. Their
children will be at risk from both the genes they inherit from
these parents and the non-educational environment they create.
However, given that the children in this study were 12 years old
and attending high school, it seems unlikely that their own genes
are not implicated to some extent. In this case we may be seeing an
active genotype–environment correlation in which if children are
uncooperative about going to bed, turning off the TV, or sitting
down to work, then their parents may give up trying to impose
structure, and teachers may have to spend more time on managing
their behavior than on actually teaching them. Either or both
genetic pathways make intuitive sense and further research is
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needed to fully understand how the genetic link between chaos and
achievement actually works.

So far, we have seen how the home environment – and SES in
particular – can have an impact on a child’s achievement at school.
But how can this be counteracted by a genetically sensitive educa-
tion system? In Part Two of this book, we will propose a radical
new way to bridge the divide between home and school – one that
could perhaps help inform the way that teachers interact with indi-
vidual pupils, and encourage better practices at home by focusing
on equal opportunities. It is a method that takes into account
the reality and power of genotype–environment correlations in
order to improve children’s levels of engagement and motivation.
We think it could ease the burden on teachers and boost the
achievement levels of otherwise vulnerable children. Some of the
inspiration for this approach will be discussed later in this chapter.

What Does the Heritability of SES Mean?

So, SES is influenced by genes as well as experiences, and the rela-
tionship between SES and achievement is partly genetic in origin.
The two things are linked by a person’s DNA. This means that the
children of parents who themselves did not succeed at school and
went on to achieve low status in society are likely to resemble their
parents as much for genetic reasons as for environmental reasons.
In essence, it is likely that children growing up in low-income
families – the families targeted by projects like Sure Start and Head
Start – are genetically as well as environmentally vulnerable. The
question facing us, therefore, is what can be done to support the
more vulnerable members of society, to promote social mobility
on the far left-hand-side of the bell-shaped curve where it is most
sorely needed? We don’t have definitive answers, but we can make
some tentative suggestions; and we can state unequivocally that
this is a question in need of an answer. We have seen that there
are many ways in which disadvantaged children are not exposed
to equal opportunities, a phenomenon that is manifestly unfair.
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One way to tackle the problem of some families getting stuck in
a low-SES rut may be to focus on equalizing opportunities for the
most vulnerable families. However, it is worth reminding ourselves
that while this may have a very beneficial effect it will not reduce
heritability estimates for either SES or achievement. Rather, access
to new opportunities might nurture natural potential that would
otherwise have lain dormant.

Experiencing an environment that is impoverished, either liter-
ally or figuratively, because of parental status is unfair and stands
in the way of maximizing individual as well as social and economic
potential. Therefore, low-SES families should be prime candidates
for extra resources and carefully targeted interventions. And to an
extent they have been given them – in the form of programs such
as Head Start in the United States and Sure Start in the United
Kingdom. However, these initiatives are vulnerable because of their
failure to make lasting changes to children’s IQ levels, and this is
of particular concern in a time of global recession and widespread
funding cuts. Also, it can be argued that these programs do not
actually manage to access the most vulnerable families either at
the right time or in the right way. Indeed the groups run by Sure
Start, although often excellent, are also often full of middle-class
mums and their babies, while the disadvantaged families they are
designed to help are in the minority.

Notwithstanding these problems, solutions for which can be
found, the strategy of investing in young children as a means of
leveling the playing field and improving life-long outcomes for
disadvantaged children has been championed by Nobel Laureate
and University of Chicago Economics Professor James J. Heckman.
Heckman is interested in what he calls the origins and remediation
of human inequality. In one of his many articles on the subject he
states that:

Investing in disadvantaged young children is a rare public policy
initiative that promotes fairness and social justice and at the same
time promotes productivity in the economy and in society at large.

(Heckman, 2006.)
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Heckman uses economic arguments to support the theory that
we under-invest in preschoolers. He has described a series of core
concepts for social policy in early childhood, all of which make
genetic sense. The first is that genotype–environment interplay
influences brain architecture and skill formation. In other words,
the dance between genes and experience makes a difference to
developing brains, which are very plastic and particularly suscep-
tible to environmental influence in early childhood. Secondly, skill
mastery follows hierarchical rules. Basic skills have to be mastered
before the next level of skill can be approached. This concept lies
at the heart of our recommendations for education in Part Two.
Thirdly, skills are interdependent and affected by experience. And
fourthly, there are sensitive periods when the brain is most plastic.
Heckman’s four concepts fit neatly with our behavioral genetic
finding that shared environmental influence has most impact in the
preschool years.

We have already touched on the problem that Head Start
and Sure Start are considered failed projects in some quarters
because they do not improve IQ in the long term. However,
Heckman argues that this interpretation misses the bigger picture.
To illustrate his case he refers to the Perry Preschool Program.
This was a two-year experimental intervention carried out in the
early 1960s for 3- and 4-year-old disadvantaged African American
children identified as being at risk for school failure. It was a
case-control study in which the subjects attended nursery for 21/2

hours every weekday morning and once each week had a 11/2-hour
afternoon visit from their teacher at home. This was designed
to involve the mother in the educational process and to help to
implement the preschool curriculum at home. The children learned
through play rather than formal instruction, and the focus was on
developing noncognitive skills. By age 10 the case children’s IQs
were no higher than those of the control children. However, their
achievement test scores were significantly higher because, argues
Heckman, they were more motivated to learn. This is interesting
given that achievement shows higher heritability than cognitive
ability (and genotype–environment correlations are often hidden
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within heritability estimates). The program had no long-term effect
whatsoever on IQ, but the effects on achievement and wellbeing
were significant. These children were followed up at age 40 and the
treated group had higher rates of high school graduation, higher
salaries, higher percentages of home ownership, were in receipt of
fewer welfare benefits, and had fewer criminal charges than the
controls (Schweinhart et al., 2005). In sum, they had higher SES
than the controls, and their new and improved SES is what will
predict their own children’s achievement, rather than the social
status they were born into: social mobility in action. There is no
doubt that their genes still resembled those of their parents but the
environment was used in a way that appears to have given them a
leg up, provided them with new experiences with which their genes
could interact in a positive way.

Behavioral genetic research supports Heckman’s argument that
the best time to invoke shared environmental influences to affect
children’s achievement, perhaps via their self-confidence, motiva-
tion, and aspirations, is before school begins. From this point
onward the influences of shared environment tend to diminish.
We can also say that one correlate of SES which shows promise
for improving the chances of disadvantaged children is sensitive,
responsive parenting and that preschool initiatives can usefully
focus their attention on this, as was done in the Perry Preschool
Program. Interventions in which educators bring education into
the real-world home environments of disadvantaged children may
seem expensive, but the evidence suggests that, over the course of
a life, they might pay for themselves. Nurturing natural potential
in the preschool years needs further consideration as a strategy for
promoting social mobility and drawing out individual potential.

School Quality

Failing schools are usually situated in deprived areas. Therefore,
school quality is inextricably linked with SES. In the United King-
dom this problem has led to a policy of competition and the
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marketization of education in which parents are given choice,
or at least the illusion of choice, about the school their child
attends. Researchers uniformly conclude that this has been a rather
unsuccessful solution to the inequality problem. In fact it actively
works against closing the social gap because the middle classes
have been shown to have greater purchasing power and more abil-
ity to “play the game” in successfully applying to the school of
their choice – whether that involves moving house, hiring a tutor,
becoming more visible in church, saying the right things on a form,
or developing a child’s talent for sport or music. The same conclu-
sion has been reached in research that has looked into the issues of
school choice, school quality in relation to pupil demographics, and
achievement according to SES background. The bottom line is that,
in this instance, diversity of opportunity actually appears to exac-
erbate inequality of opportunity – a cautionary tale which reminds
us not to be too gung-ho or generalist with our recommendations
for a genetically sensitive education system.

In reality there has not been a great deal of genetically sensitive
research into school quality as an environmental influence. How-
ever, there has been a lot of nongenetically sensitive research on this
subject, which concludes that school quality may be a red herring
that has little or no causal relationship with academic achievement.
So, when a school is named and shamed as “failing” because pupils
are failing to succeed academically it does not necessarily follow
that this failure is entirely the fault of the school per se. If the
same school were filled with pupils from high-SES families with a
genetic predisposition towards academic achievement it is highly
unlikely that, even with no changes whatsoever made to the staff
or the curriculum, the school would qualify as “failing.” However,
although the circumstances may be difficult, it is clear that these
schools for deprived communities are not succeeding in their task
of educating their pupils well.

The landmark Coleman Report, published in 1966, was a mas-
sive, 700-page, exploration of educational equality in the United
States. Coleman, a sociologist, concluded that pupil background
and SES was far more important to achievement than differences
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in school resources. The report suggested, contrary to current
expensive UK approaches such as the Academies and Free Schools
programs, that throwing money at schools and increasing blanket
per-pupil spending would not make a whole lot of difference, and
that interventions should be targeted at families rather than at
schools. In TEDS we, too, have found that school quality explains
only a tiny proportion of the differences between children in terms
of achievement, and that SES at the family level is the heavy hitter
in terms of influence (Walker, Petrill, and Plomin, 2005).

Coleman’s report does leave room for teacher quality to
contribute to individual differences in achievement even though
resources don’t – a lead supported by economic as well as
psychological and sociological researchers (e.g., Hanushek, 2010).
Teacher quality tends to be variable even within a school, some-
thing that any parent watching their child go through consecutive
classes in a single school will recognize. Also, it is likely that even
the very best teachers are not similarly effective for all children and
that genotype–environment correlations are at play here unless the
teacher is completely sensitive to individual needs and leads a fully
personalized classroom. This, of course, is the ideal and the more
we strive to achieve the ideal the closer we will get. The evidence
from nongenetic studies suggests that teacher quality matters
significantly more than quality of school buildings or resources, or
complex admissions arrangements. The message coming forward
is that interventions focused on active learning between parent
and child, and teacher and child, are the most promising.

Proximal processes between adults such as teachers and parents,
and the children they teach and nurture, are the most fertile ground
for genotype–environment correlations to flourish and for children
to learn in an environment that recognizes their needs and their
strengths. SES matters, and this has to be addressed in any equitable
education policy. School quality doesn’t matter all that much but
the interface between genes and experience, between a mother and
her language-learning toddler, or a teacher and her math-averse
student, really does. These lessons are drawn from educational,
economic, and sociological research as well as our own field, and
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will be borne in mind as we design our own version of a genet-
ically sensitive education system that offers equal opportunities
to all pupils.

The take home message is that although socio-economic status
does predict school achievement and is influenced by genes, build-
ing interventions around environmental influences that negate the
effects of poverty, reduced stimulation, crowding and chaos is the
best way forward if we are to create equal opportunities for all.
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Chapter 11

Genetics and Learning:
The Big Ideas

Behavioral geneticists have found out a great deal more about
learning and behavior than it is possible to cover in this book.
We have chosen to concentrate on the strongest findings and
those most relevant to school achievement. Together they can be
distilled down to seven powerful principles – the “Big Ideas” of
this chapter’s title. It is upon these principles that we will attempt
to build a genetically sensitive education system in Part Two.

Big Idea #1: Achievement and Ability Vary,
Partly for Genetic Reasons

This fact lies at the heart of all our research. If we identify an
average (mean) g score or an average score in an English, Math-
ematics, or Science examination, 50% of the population the test
was designed for will fall above that score and 50% below it. The
fact that these abilities are normally distributed means that people
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will differ both upwards and downwards of the average score to
predictable degrees. Even when we improve the average we do
not reduce the differences between people (known statistically as
the variance). Our DNA has a moderate to strong influence on
where we, as individuals, fall within the distribution. Too many
educational policies consider all those who score below the mean
as “failing”; this is a fundamental misunderstanding of both the
statistics and the biology involved. If national education systems
do not acknowledge this fact, and take it into account, they will
continue to waste money and human potential on approaches that
make no difference whatsoever to individuals or to society. Accep-
tance that achievement and ability vary, partly for genetic reasons,
has to be the foundation for a better school system. It is the job
of schools, once all children have been trained to an acceptable
level, to nurture this diversity; there is no point trying to make all
children achieve the same score in everything.

Big Idea #2: The Abnormal is Normal

We will never find a single gene that can explain a person’s
ability (or lack of ability) in reading, writing, mathematics, science,
sport, or, for that matter, depression, obesity, conduct problems,
or asthma. Human behavior is influenced by many genes and
many experiences, each of small effect (the QTL hypothesis). They
combine in myriad ways to affect who we are and what we do.
We will never be able to engineer brilliance or failure by switching
particular genes on or off here and there because the impact would
be different in different people, depending on the entirety of their
allelic and experiential history.

The QTL hypothesis tells us that low ability in any academic
subject, including reading and mathematics, is not genetically dis-
tinct from ability in the normal range or at the high end. The genes
that affect the mathematical ability of a mathematics professor
and a young person struggling to pass a basic mathematics exam
are the same, albeit not necessarily in the same versions (alleles).
This makes an enormous difference to how – and whether – we
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diagnose special educational needs, at the levels of both struggling
and gifted children. It also affects how we tailor education for such
children and how we spend our resources. If a well-conceived edu-
cational intervention was targeted only at the least able children,
for example, it could close the gap between the two tails of the bell
curve a little, while not affecting the population average a great deal.

Big Idea #3: Continuity is Genetic
and Change is Environmental

Behavioral genetics studies so far suggest that the genes aff-
ecting achievement or ability at one age, say 7, will continue
to affect achievement or ability at all later ages (this is less true
for science as it is currently taught than for other subjects). In
principle this means that if genes alone were involved (as genetic
determinists would have you believe) we would be able to take
test results from young children and predict their test scores in
adolescence and adulthood with great reliability. We could also
use them to predict a whole range of other life-outcomes. Because
continuity is genetic, it is true that we are likely to gain predictive
power from genetic information – this is why we need to think
so hard about emerging biotechnology and the possibility of a
Learning Chip – but the success rate of prediction will always fall
significantly short of 100% because the environment, acting on the
individual and through interplay with their genes, acts as an agent
for change. If a child who has previously been performing well
in school begins to perform uncharacteristically poorly the causes
are almost certain to be environmental. Dramatic fluctuations in
schoolchildren’s performance or behavior should be treated very
seriously indeed in order that their social causes may be identified
and either rectified (if the child’s achievement and behavior are suf-
fering) or encouraged and learnt from (if the child’s achievement
and behavior are showing improvements). Just as plants develop
differently in different climates, or under the care of different
gardeners, so, too, do human beings. Understanding genes and
relying on the continuity of their effects allows us to focus on the
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relative unpredictability of influential environments and the way in
which they can work constructively with a child’s genetic makeup.

Big Idea #4: Genes are Generalists
and Environments are Specialists

The evidence of behavioral genetics tells us that the same genes
are involved across a wide range of cognitive abilities and achieve-
ments. Thinking about g can help us to understand this concept.
If we return to g as a measure of our cognitive firepower we
hypothesize that, in time, the genes that influence g will also be
shown to influence academic achievement in, for example, reading,
writing, and arithmetic. Research is already beginning to bear out
this theory. If it were only genes that were involved, ability profiles
would be more uniform across the board than they currently are.

The fact that environments are specialists is momentously impor-
tant to schools and teachers. While some experiences can draw out
and enhance (or damage) potential in a particular subject, say
science, we have no reason to believe that the same experiences
should have the same effect in mathematics. There is no single,
hallmarked way of educating children. Different school subjects,
not to mention different children, call for different techniques.
Educationalists, be they parents or teachers, have the power to
maximize genetic potential. But they need to find and press the
right buttons in order to do this, and to allow pupils sufficient
freedom to identify their own buttons.

Big Idea #5: Environments are Influenced
by Genes

Our understanding of gene–environment interplay will develop
exponentially over the next few decades. We are seeing interesting
progress, for example, in fields such as epigenetics – the study of
how chemical changes to DNA can alter gene expression without
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affecting the genetic code. However, what we know already is that
our experiences are affected by our genes through the process of
genotype–environment correlation. Environments do not operate
independently of our genes but rather in conjunction with them.
Equally, genes do not operate independently of experience and
therefore educationalists need not fear genes as being deterministic.
Instead, teachers should think of themselves as drawing out a
child’s genetic potential rather than writing haphazardly on a
mythical blank slate.

One particularly exciting avenue for research and, in time, inter-
vention, is the area of active genotype–environment correlations.
This is where individuals select their own environments on the
basis of genetically influenced traits that can mediate the relation-
ship between an environment and an outcome, such as personality
or temperament, IQ, motivation, or self-confidence. These are the
most likely reasons we find environments to be heritable (the nature
of nurture) and we predict an understanding of these processes will
lead to greatly enhanced personalization in schools. We hope our
own research team will be able to make a major contribution to
these developments.

Big Idea #6: The Environments that Matter
Most are Unique to Individuals

We know that the most important environments, particularly after
the infant and toddler years, are those that are either objectively
unique to an individual or which may be shared by siblings growing
up in the same family but affect each of them differently. We
have shown how even genetically identical twins brought up in
the same home and taught in the same classroom by the same
teacher perceive their learning environment differently, making
subjective and individual experiences particularly important when
we consider new ways of using schools to draw out potential
and personalize each child’s learning environment. As ever, the
focus needs to be on the individual child – the child, not the
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problem – and what works for them. When we ask how heritable a
wide range of educationally relevant behaviors are we usually find
that nonshared experiences explain the majority of the nongenetic
variance. It is now a research priority to pin down which particular
experiences make a difference, and for which children.

Big Idea #7: Equality of Opportunity Requires
Diversity of Opportunity

Would a world in which we were all treated exactly the same
way be a utopia? Let’s say we all get to live in large, pleasant
homes on wide, tree-lined boulevards; we are all sent to versions
of the same highly respected and high-achieving schools; and our
family incomes are equalized. Will we all become more similar?
The answer is not really. There may be some superficial similarities
brought on by a shared lifestyle, but 50% of the population will
still be more high-achieving and cognitively adroit than the other
50%. Certain behaviors, including achievement, may be boosted
for the population as a whole but the shape of the bell curve would
not change very much. Those on the low-achieving left-hand-side
would still be pretty much as far away from those on the high-
achieving right-hand-side as they currently are, although some of
the changes we suggest may, we hope, close the gap at least a little.
And, furthermore, the equalization of experience would lead to
higher estimates of heritability than we currently have. If nurture
is the same for everyone it can no longer drive differences between
people: only nature can do that. By introducing more choice into
education we believe we can create schools in which more natures
can be fully nurtured.

In Part Two we put these Big Ideas into practice in the form
of a series of testable policy ideas, and we propose one version
of a genetically sensitive school. But first we look at some of the
techniques already available to those interested in personalizing
education.



Part Two

In Practice



Chapter 12

Personalization in Practice

OK, so you’re an experienced teacher of 30 pupils, only slightly
jaded by the constant trickle of government edicts about what you
should do and how you should do it, and still basically happy
with the career you chose all those years ago. It’s Friday after-
noon and you’re whistling cheerily in anticipation of the weekend
ahead as you pack your bag and do some last-minute tidying up
in the classroom. And then the Principal pops in. Alarm bells
ring immediately; the Principal never just “pops in.” This time
is no exception. She wants to let you know that she’s agreed
to trial a new approach in which you and your colleagues will
be regularly observed and assessed on the basis of how effec-
tively you personalize the teaching and learning environment in
your class.

She smiles as though she’s presenting you with a large bouquet
of orchids as she tells you that she would like to see your “person-
alization improvement plan” on her desk by half term, which is in
just two weeks. You smile and you nod and you say “No problem.
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Have a great weekend!” all the while unleashing a torrent of abuse
in your head.

The next half hour passes in a blur of hair pulling (your own),
moaning with the teacher in the next room, and eating the biscuits
you’d managed to ignore all day. You’re already doing your best.
What on earth do they want from you? You appreciate that it
probably would be great if you could teach 30 different lessons
at the same time, but how on earth are you supposed to do that?
What can you actually do about the fact that Danny Hardcastle
is bored to tears by how easy he’s finding math but can’t take
on anything harder until you find time to show him some new
techniques; that Millie Bracken still can’t read much and is getting
teased by the other kids for reading baby books; and that blue table
are winding each other up to the extent that none of them have
made any progress in anything for weeks. Every time you focus on
one problem it seems to create several more. You trudge out of
school with a heavy heart, already dreading Monday.

So, What Can Be Done to Make Teaching
and Learning More Personalized?

The most obvious solution currently available to us is comput-
ers. Using technology to personalize teaching and learning is an
approach that has proved somewhat contentious, and its benefits
have not been proven, but in terms of practical potential computers
are pretty hard to beat. It’s certainly enticing to think that there
could be technology out there capable of drawing out children’s
skills and understanding at a precisely calibrated pace and with a
precisely calibrated method of address.

Some people don’t like the idea of pupils using computers too
regularly. They see them as a necessary modern evil, acceptable
for background research – “google” is a verb even for very young
children these days – but not much more than that. The fear
seems to be that classrooms kitted out too enthusiastically with
computers will become dull, lifeless places with rows of automata
silently staring at screens. As one well-respected UK education
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commentator, Phil Beadle, put it: “An inspiring education is a
sensory joy, and the idiotic preeminence of the computer a denial of
this.” He fears that: “ . . . if a computer can be used to personalize
education, then there will eventually be no need for learning
support in human form.” (Beadle, 2008). We agree that an inspiring
education is a sensory joy, but we disagree that using computers
necessarily precludes this and that computers diminish the need
for human learning support. Computerized personalization should
support, not replace, school personnel (although some misguided
political number-crunchers might think otherwise).

A more serious challenge is that computer-based teaching, even
when highly individualized, has not yet been proven to increase
achievement scores. In fact, a 2010 US Federal Review found that
the computer-based instruction programs they assessed showed
“no discernible effect” on students’ SAT scores. It is important
to education that new interventions are supported by evidence,
and computer-based personalized learning methods have not yet
satisfied the high standards of science. Nonetheless, there is cause
for optimism that they might. For instance, there are scores of case
studies in which teachers, schools, and even whole school districts
report improvements among their pupils in terms of understanding,
enjoyment, and ability, making it possible that the studies are not
yet getting at what the teachers see on the ground.

It is disappointing that the software developed so far is not
supported by scientific evidence, but we think that this should
provide a spur to make such programs, and their implementation,
more effective rather than ditch the approach as a whole. Until
such approaches gain a strong scientific evidence base we would
advise cautious enthusiasm and funding to improve the software,
rather than a gung-ho spending spree. Personalization technology
is a work in progress. It is an approach that has more potential for
truly personalized education than any other currently available to
us, and therefore it should be given the time and resources needed
to improve.

Computers and software, when used well, should free up teach-
ers and teaching assistants to support individual pupils more effec-
tively. This approach is likely to be most successful in objectively
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assessed subjects such as mathematics. We do not for one moment
suggest that all lessons should be computer-based. The most highly
developed math instruction program we are aware of was created
by Carnegie Learning, in conjunction with scientists at Pittsburgh’s
Carnegie Mellon University. The US Federal Review mentioned
above did not find the Carnegie program to have statistically sig-
nificant effects on achievement. However, many of the schools to
have used it describe benefits. For example, Louisiana math teacher
Krista Majors describes struggling students exposed to the program
on Carnegie Learning’s website:

Students who were enrolled in the pilot class “caught up” with
their peers enrolled in regular classes during the first year. They
maintained that gain into the second year even though they were
no longer enrolled in Carnegie classes. Most students in the control
group, who were mixed in with the regular population, either stayed
the same or fell further behind.

There is obviously work still to be done here to establish
whether empirical support for this approach is forthcoming.
However, it seems to us that the existing program has merits and
may in time become a model for a teaching and learning strategy
that will improve as a result of the research process. Its ability
to respond to individual development is intriguing and it is not
unreasonable to predict that such software will also eventually
be able to interact with the Learning Chip technology that we
discussed in Chapters 1 and 2. There’s work to be done but we
believe it to be work worth doing.

Carnegie Learning was founded by a team of cognitive scientists
from Carnegie Mellon University in conjunction with a team of
veteran math teachers. One of the founders was Professor John
Anderson, best known for his development of a model of how
the mind works, known as ACT-R. The aim of any cognitive
architecture such as this is to define the fundamental cognitive
and perceptual processes that make the mind work. ACT-R has
done this successfully, and has been validated by hundreds of
studies. This model of the mind underpins Carnegie Learning’s
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Math program by using Cognitive Tutors with an internal ACT-R
model that can mimic the behavior of any pupil using the software.
Cognitive Tutors can therefore personalize materials and “predict”
the difficulties a particular pupil might have.

By recognizing individual differences, the fact that pupils
develop, learn, and master math at different paces, this artificial
intelligence-based approach can personalize the math learning
environment of every pupil in a class. It can identify when a pupil
is struggling or has not fully understood something and then
customize prompts to focus on the area of weakness, providing
new problems until the idea has been understood or the skill
has been learned. There’s no putting your hand up and waiting
around when you’re stuck, or giving up because “I just can’t do
it”; the software is capable of gently guiding pupils out of ruts,
and supporting and encouraging them as they do so. It works like
Personal Training – a source of expertise and encouragement by
your side as you work to achieve your goals and your potential.

The Carnegie math program is rooted in findings from cogni-
tive science, as described above, but it also draws on the body
of research into mindset and motivation led by Professor Carol
Dweck of Stanford University. In Chapter 7, we discussed the
implications of this “mindset” research on the way that we praise
and encourage our children in order to build their motivation and
self-confidence. The Carnegie software does something similar by
harnessing Dweck’s findings to tailor the feedback that Cognitive
Tutors provide to pupils.

A Good “Mindset” for Learning

In her books, talks, and papers Professor Dweck describes two
types of “mindset”: a fixed mindset and a growth mindset. Over
the course of scores of experiments she and her colleagues and
collaborators have shown how a growth mindset yields better
results for everybody and, importantly, how the growth mindset
can be taught. In light of this research the feedback given to pupils
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by Carnegie Learning’s program is specifically designed to foster a
growth mindset as a spur to mathematical development.

People with a fixed mindset believe that intelligence and talent
are innate and cannot be changed. This leads to beliefs along
the lines of “naturally clever or talented people shouldn’t have to
try” and “If I fail, people will think less of me.” Dweck and her
team have shown time and again that adults and children with
this mindset shy away from challenges because they don’t believe
they can learn to do what doesn’t come naturally to them; they
don’t want to make an effort because having to do so undermines
their self-worth; and moving from their comfort zone puts them
at risk of what they see as failure, and this is intolerable to them.
This perhaps explains why some pupils who perform very well
in English write themselves off in math, and vice versa – their
self-concept can’t cope with the fact that success doesn’t come
effortlessly. The generalist genes hypothesis suggests that a pupil
who is extremely able in English is likely to be at least reasonably
good at math, and yet such pupils, if they have fixed mindsets, are
likely to write themselves off as hopeless just because they fall short
of exceptional. As a result these people, even when highly able and
talented, often plateau and live a life in which they operate well
below their full potential.

Many pupils have fixed mindsets, some from very young ages.
Dweck argues that they mostly acquire these beliefs from the
people around them – their parents and, later, their teachers.
However, we suspect that such beliefs are also a marker for
genetically influenced temperament: we hope to explore this in
our own future research. We think it is likely that, for genetic
as well as environmental reasons, it will be harder for some
people to develop a growth mindset than others. However, Dweck
has lots of good ideas about how to help a child with a fixed
mindset to develop a growth mindset. Her suggestions form the
basis of an educational software program she has developed,
called Brainology. The Brainology software is another means of
connecting with individual pupils to raise achievement and, again,
shows the advantages of learning from a computer at least some
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of the time. A computer, for example, talks to you alone. You can
pause or repeat lessons whenever you like and as often as you like.
You’re not having to keep pace with 29 other pupils.

A child with a growth mindset loves a challenge. Dweck first
became interested in this whole area when she was researching
different people’s responses to failure. She was surprised to see
that some children, when confronted with a puzzle that was very
difficult for them, didn’t see that as failure. She saw from their
responses that rather than feeling as though they were failing when
they couldn’t do something straight away, they felt as though they
were learning. She describes her own initial (fixed mindset) reaction
to these kids: “What’s wrong with them? I wondered. I always
thought you coped with failure or you didn’t cope with failure. I
never thought anyone loved failure. Were these alien children or
were they on to something?” Children (and adults) with a growth
mindset know that hard work pays off. Dweck and her team asked
people of all ages a simple question: “When do you feel smart?”
The fixed mindsetters said it was when they didn’t make any
mistakes; when they finished something fast and it was perfect; or
when they found something easy that other people couldn’t do. The
responses of those with a growth mindset were very different. They
said they felt clever when they tried really hard and managed to do
something they couldn’t do before. Dweck’s findings are, we think,
hugely important to education and parenting. The programmers
at Carnegie Learning were well advised to take this research on
board in designing their personalized math software, as “mindset”
appears to provide a unique perspective on pupils’ learning triggers.

It turns out that lots of parents and lots of teachers, encouraged
by the self-esteem movement that bulldozed its way through child
development in the late twentieth century, are getting it wrong.
Every time we tell a child “I can’t believe you got another A – you’re
so clever!”; “You’re a natural – you’re going to go far!”; or “You
were robbed – you were easily the best and you should have
won,” we encourage a fixed mindset. What starts out as a simple
attempt to make the child feel good and bolster their self-confidence
inadvertently harms their ability to achieve their full potential. If we
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praise them for ability they won’t want to risk failure. And this is
not just opinion – Dweck has a whole series of compelling studies
which support her advice. Instead we should praise children for
effort, or for trying different approaches to solving a problem,
identifying strategies for overcoming hurdles. If a child completes
a task fast and perfectly they learn nothing from it – the task is
simply too easy for them. It happens all the time, but Dweck
suggests that rather than giving the child a sticker or a certificate
and telling them how great they are the teacher or parent should
apologize to them for wasting their time and promise to find a more
suitable task next time. Carnegie’s software automatically guides
such a child to the next level in mathematics and offers some of
the early support they need in learning the new skills involved.
Equally, it encourages and supports pupils who are struggling in
ways that praise small steps forward and encourage perseverance.

Children do best when they are working just outside of their
comfort zone, having to scrabble a little to reach the next level.
Children with a fixed mindset will find this desperately uncom-
fortable and want to back away, so the teachers and parents
around them should respond by praising effort, concentration, per-
sistence, and all of the other qualities that keep them at it until
they get the buzz of achieving something they didn’t know how
to do before. The Carnegie program promotes a growth mindset
by giving feedback that focuses on effort and progress and via
“Messages of the Day” that include facts about how the brain
changes and grows as students learn. They show pupils that the
brain is a muscle that can be strengthened via exercise, namely
hard work and perseverance. Perhaps one of the ways the Carnegie
software could be improved to meet the high standards of scientific
testing would be to further personalize these messages, to trigger
positive genotype–environment correlations by giving individual
kids more precisely targeted praise and encouragement. The fixed
mindsetters, for instance, are likely to need a different approach to
those who already have a growth mindset. Some will be tougher
nuts to crack than others, and software that can recognize this
and respond appropriately may represent progress for both the
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child and the teaching method. Dweck’s “mindset” research has
widespread implications for education.

Carnegie Learning’s ACT-R-based math instruction program is
just one example of the personalization software already available
to educators. We do not recommend that all schools rush out
and buy it, or current alternatives to it, because it is not at all
unreasonable to expect such a program to prove its worth in the
form of objectively assessed improved achievement. It has not yet
accomplished this. It is important, though, that some schools trial
these approaches, so that they can be refined and assessed. The
fact remains that software such as this can potentially help to
guide a child through the math curriculum at their own pace,
and can facilitate progress in a way that a teacher alone cannot,
by literally providing 30 different lessons to 30 different pupils.
In short, it is capable of much of what personalized instruction
should be, and therefore capable of making personalized teaching
practically possible. In an ideal world, educational decision makers
at a national level would support such software developers. In order
to assess their effectiveness for example, it would help if they were
linked to national tests. It would also help if adequate funding
was provided for professional development so that teachers are
properly taught how to integrate such software into their lessons.

Computers offer personalization technology but they also offer
choice and, importantly, access to education. Stanford University
professor, Sebastian Thrun, recently bemoaned the fact that his
Artificial Intelligence classes were only reaching the 200 or so
students that were enrolled on his course. Not being the sort of
person to sigh and shrug and do nothing he developed an online
version of the course. Since its inception he has enrolled 160,000
students and now, through Udacity, a private company he has
founded, he offers 11 courses to students from, according to Thrun,
every country in the world except North Korea. He says his costs,
roughly, are $1 per student per class and, at this point Udacity’s
courses, examinations, and certification are offered free of charge.
Courses such as Thrun’s are known as MOOCs (Massive Open
Online Courses) and are increasing in number. 2012 was designated
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“The Year of the MOOC.” At a time when organizations like
UNESCO are spearheading the spread of education throughout the
world, initiatives such as this one have to be of interest as a means
of providing a university-level education to interested students
who could never otherwise afford one. It is interesting that of
the students who sat Thrun’s first examination the top 410 exam
performers were not Stanford students but simply interested people
who had signed up online. In the democratization of education it
seems highly likely that computers will play a major part. The work
ahead involves finessing products and processes, and establishing
validity and proof of effectiveness.

Other Ways to Personalize Learning

Of course personalized learning cannot begin and end with
computers, and if we were privileged with a bird’s-eye view of
what goes on in every classroom every minute of every day we
would see many, many examples of personalization in practice.
There are wonderful, sensitive, and highly skilled teachers out
there, in great numbers, who draw out the best from individual
children all the time. The difficulty lies in doing it for all children
at the same time. We need to focus on identifying what works for
individual children and testing whether it could work more widely
and whether it can stand up to the rigors of scientific proof. When
we find initiatives that meet these criteria they should be rolled out
to everybody, so that all schools, teachers, and pupils can benefit
from good practice. In our own experience – both personal and
professional – we have come across approaches to personalization
that really do appear to work, approaches on which we would be
prepared to structure testable hypotheses.

Joined-up thinking is sorely needed here if we are to pool all
of the personalization practices out there and scientifically test
their effectiveness. The US-based “What Works Clearinghouse”
attempts to achieve exactly this. Created in 2002, it gathers educa-
tional research together in one place and clearly shows the degree
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to which particular educational methods are supported by good
scientific evidence. The University of York’s Institute for Effective
Education represents a related initiative in the United Kingdom,
and there is a “What Works” agenda gaining momentum in govern-
ment too. However, systems such as these can only be as good as the
research that’s out there, and there is a responsibility to fund well-
designed studies of any education intervention that shows promise.
It will be important that at least some of these studies are geneti-
cally sensitive. Seeking scientific evidence of effectiveness is a step
that is too often missed out because it takes time and money, and a
government with a four-year term wants to make as big and quick a
splash as possible, for as little cash as possible. This is short-sighted,
and is the reason that education should be a cross-party domain
that cannot be disrupted by changes of government. If we put time
into finding what works, implementing it, and then allowing it to
bed down and flourish over as many years as it needs, we will bene-
fit as individuals and as a society. Taking your best guess, spending
taxpayers’ money, irritating teachers, and then withdrawing the
intervention because of teething problems really doesn’t work.

In Summary . . .

And so, let’s not abandon our frustrated teacher, dragging her
feet as she walks out to the school car park racking her brain for
something to put in her “personalization improvement plan.” We
would suggest one simple step: turn the page. In the next chapter
there are 11 ideas that take into account everything that we have
discussed in this book so far – all genetically sensitive and all as
practical as possible. Together they explore ways – some old, some
new – of introducing personalization to every classroom in the
country. How about that for a personalization improvement plan?
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Further Reading

For an interesting approach to personalized learning, using technology
among other methods, read this article about the “School of One”:

http://www.theatlantic.com/magazine/archive/2010/07/the-littlest-
schoolhouse/308132/1/ (accessed 17 June 2013);

and watch this video:

http://schoolofone.org/concept_introvideos.html?playVideo (accessed
17 June 2013).

http://www.theatlantic.com/magazine/archive/2010/07/the-littlest-schoolhouse/308132/1
http://www.theatlantic.com/magazine/archive/2010/07/the-littlest-schoolhouse/308132/1
http://www.theatlantic.com/magazine/archive/2010/07/the-littlest-schoolhouse/308132/1
http://schoolofone.org/concept_introvideos.html?playVideo


Chapter 13

Eleven Policy Ideas

In this chapter we present our wish list. We describe eleven ideas
that represent our current interpretation of how we might put
genetically sensitive findings about education and learning into
practice. If tested and found to be effective – an essential step in the
process – we think these ideas might make schools better places for
the children who learn in them, the teachers who work in them,
and the society that pays for them.

1. Minimize the Core Curriculum
and Test Basic Skills

Genetic basis: We are all different.
Recommendation: Mandatory subjects should be kept to a mini-

mum (one size does not fit all). The National Curriculum should
only cover the “Basic Skills” of reading, writing, numeracy, and
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ICT (defined as those skills required to live successfully in soci-
ety). For all except the profoundly disabled, passing a final Basic
Skills examination – based on this National Curriculum - will be
a condition of leaving school.

There are certain skills that children need to learn in order to
become independent adults, namely reading, writing, numeracy,
and ICT. We also know that prior achievement predicts future
achievement and that these skills are what early achievement
consists of, and represent the building blocks for almost all areas of
learning. Without them, many paths are closed off to young people.
We have already clearly stated our view that education fails if it
leaves children without confident mastery of these basic skills for
life. This is not, however, an argument against “knowledge”-based
education, as our other ideas should make clear.

Genetic and environmental effects mean that some kids will
have a hard time acquiring these skills while others will pick
them up almost instinctively without much external input at all.
However, we must remember that the abnormal is normal and
that the children who find mastery of these skills difficult are, in
almost all cases, not genetically distinct from other children. There
is no genetic reason why they cannot succeed given personalized
support. These pupils need to be taught in a way that makes sense
to them, and their precise level of understanding at the beginning
of the learning process has to be identified in order for education
and skill formation to progress in a logical, hierarchical sequence.
Supporting these children should be the top priority for all schools.

Our research, and that of educational researchers throughout the
world, suggests that children learn in different ways and at different
paces. (In time, Learning Chips may help us to understand the
etiology of these differences.) Therefore, we recommend designing
a series of basic skills levels to be worked through by all children,
culminating in a final pass/fail certificate test, which individual
pupils can take whenever they and their teachers feel they are
ready. Schools should encourage a growth mindset by encouraging
perseverance in subjects that pupils find difficult, particularly when
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those subjects are core basic skills. If pupils find everything they
do easy then they are not learning, merely enjoying the status
quo. Carol Dweck’s mindset research shows us that pupils learn
best when they learn how to tolerate operating just slightly above
their comfort zone. For this reason, all pupils will continue to
develop their literacy and numeracy skills even if they complete
their compulsory basic skills examinations early.

We would seek advice on establishing the appropriate minimum
threshold for passing this certificate. Some very able children will
complete all of the basic skills levels and the final test early and
move on to more difficult literacy and numeracy classes, while some
will work on learning and consolidating the basics throughout their
education. The only stipulation is that a pass in the final basic skills
certificate must be achieved before any pupil leaves school, even if
this involves keeping a minority of pupils in school for an extra
year. We believe that insistence on mastery of these basic skills for
life will make pupils more attractive to employers and will have a
wide-ranging positive influence on their quality of life, particularly
for those who are less academically inclined. Because of this we
believe, simply, that the children who need the most help should
get the most help, and that the help they receive should be carefully
tailored to their individual needs.

2. Increase Choice

Genetic basis: Genotype–environment correlation depends on
choice.

Recommendation: Increase the range of subject options available
to all pupils, and give teachers more freedom in their lessons.

We recommend offering a very wide range of options in all
schools, alongside the compulsory basic skills. We believe that,
particularly as pupils get older, it makes good genetic sense for
them to have the opportunity to weight their education in favor
of their passions and talents. We also believe that there should
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be much greater opportunity for primary school pupils to make
choices and direct their own education. For instance, a child with a
developing talent or interest in music, game design, sport, history,
astronomy, or art should be able to use some of the school day to
develop their interest or talent further, and should be able to access
resources and (ideally) a teacher who can help them to develop
their particular interests and talents. This “choosing time” is highly
likely to require mixed-age classes. We will discuss some of the
practicalities of this in the next chapter where we make our own first
attempt at putting our ideas and recommendations into practice.

By not placing restrictions on what teachers can teach and how
they can teach it in all areas beyond the acquisition and mastery
of basic skills for life, we make space for personalization at the
level of the class, small groups, and individuals. Good teachers
will be able to draw on their own interests and strengths, in
combination with those of their pupils, to plan lessons that are
valuable and interesting. They will be able to spend extra time on
topics that seem to work especially well without worrying about
falling behind on a centrally directed syllabus or preparing for tests.
Because the curriculum will no longer be centralized, any testing
will be organized at the level of the school and will serve the sole
purpose of reassuring teachers that their pupils are learning and
progressing. When pupils reach the age of formal examinations
they will follow syllabuses set by independent examination boards
and selected by schools and teachers, just as they currently do. The
results of the basic skills certificate test will reassure governments
that schools are equipping pupils with the academic skills they
need to become successful members of society and, from age 16
onwards, they will also have formal examination results.

Of course this recommendation is dependent on the recruit-
ment of “good” teachers – teachers who have strong ideas about
what they would like to teach; excellent listening and observa-
tion skills; and thoughtful ideas about how to personalize the
learning experience for individuals with different profiles within a
mixed classroom. They may be teachers with “growth mindsets.”
Their mindset could either be assessed with an aptitude test for
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candidates for teacher training courses, or taught as a key compo-
nent of teacher training and assessed later by individual employers.
Such teachers should be granted the autonomy to draw out the
potential of their pupils in the way they see fit, and schools should
be expected to offer their pupils a wide array of choices – something
to stimulate every child.

3. Forget About Labels

Genetic basis: The abnormal is normal.
Recommendation: If children need extra help, just give it to them.

There’s no need for all the labels and bureaucracy.

Common learning problems are not qualitative disorders, just
quantitative dimensions. In most instances the lowest-performing
pupils are not genetically distinct from the rest of the class; they
should be regarded as having a difficulty rather than a disability.
This applies to some of the most common learning problems, such
as dyslexia and dyscalculia. At the moment, it is expected that a
low-performing child should be referred for assessment, given a
label, and only then given support. Where resources are tight it is
not unusual for parents to be left in a position where they have to
pay for private assessments and tuition. Valuable time is lost in this
process and it is likely that the stress it causes is bad for all involved.

Instead we would recommend that the observation and tracking
process is intensified for children who are falling behind in a basic
skills for life area, and that these children receive individualized
support in the school setting as soon as concerns are raised.
Resources should be focused on providing these children with all
of the support and extra education that they need to stay on
track. The principles of hierarchical learning should be employed
to ensure that new skills build on existing skills in steps that
are manageable for the individual child. Where possible, the family
should also be enlisted to support the child’s learning, with tangible
tasks, but if this does not happen the child should not be penalized
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in any way. For instance, it is not uncommon for primary school
teachers to change reading books only after they have been read
to parents at home. Where parents are under-involved this can
mean that some children have less opportunity to read aloud and
less exposure to new books. These children’s reading needs to be
heard more often in school to make up for the deficit at home,
while at the same time efforts should be made to entice parents to
engage with the process. Children should never be penalized for
their parents’ problems or inadequacies.

We also recommend that labeling children as “Gifted and Talent-
ed” is stopped. In a personalized classroom the label is unnecessary
as each child should have their individual needs met. Appropriate
opportunities should be offered to all children and, in the ideal
scenario, every child will be found to have a gift, a talent, or a pas-
sion worth nurturing. The time spent in identifying, labeling, and
counting “Gifted and Talented” children is wasted time that could
be spent on drawing out the potential of every child in the class.

The bottom line is that bureaucracy and labeling should be
reduced so that children who struggle at any point in their
education – even if turns out to be a transient problem – receive the
extra support they need as soon as they need it. Any ongoing diffi-
culty can be recorded on the personalized school-leaving certificate
we recommend each pupil receives (see Recommendation 4), so that
their needs can be recognized and accommodated by future educa-
tors and employers. Children who excel should also be offered the
support and opportunities they need as a matter of course.

4. Teach the Child, As Well As the Class

Genetic basis: Genetic continuity and environmental change can
be monitored.

Recommendation: Each pupil should have an Individual Educa-
tion Plan which should be reviewed and revised each year. Every
child should receive a personalized school-leaving certificate at
the end of their compulsory education.
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We propose that before every child starts school they are vis-
ited at home by the teacher who will be in charge of their first
class, and a trained key-worker. This key-worker will take over-
all responsibility for observing, tracking, and generally looking
out for the child throughout their school journey. This visit will
be the first opportunity for the family and the school to learn
about each other and about the individual child. Ability can be
observed in this setting, or separately at school, and a develop-
mental checklist can be completed in order to get a clear view
of the child’s school readiness and their particular needs and
developmental profile.

After the visit the child’s key-worker will draw up an Individual
Education Plan (IEP) for the child’s first term that can be revised
in consultation with the teacher and the child’s family. In the first
year of education the IEP will be revised again after Christmas,
taking into account the child’s adjustment to school, and from this
point it will be revised annually, during the summer holiday, unless
an interim review is deemed necessary. The child’s key-worker will
be the first point of contact for the child, the family, and the class
teacher throughout school, and will be expected to have a good
knowledge of the child’s needs, motives, and background. Even as
class teachers change, the key-worker will remain the same and
this continuity of care will do much to make a personal approach
to education possible. The child will have an advocate within the
school who has a strong understanding of their needs and their
educational and family history.

The system will really come into its own at the level of secondary
education, where pupils often have so many teachers that nobody
knows individual children especially well. The key-worker will,
for example, draw reports from subject teachers together and put
them in the context of the whole child, spotting any new patterns
or causes for concern immediately. This key-worker should also
be able to advise class teachers on the best way of working with
the individual children in their caseload, and the means of getting
the best from them. They will document this information and their
related suggestions and ideas in the annual IEP.
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Our recommendation is based on the belief, drawn from our
research, that every child has special educational needs of some
type or at some point, and that these need to be closely monitored
and responded to in order to support children in developing fully
and achieving at a level that is fulfilling for them. We recommend
that every school has its own substantial team of educational
psychologists, and that these professionals are trained to provide
the key-worker role. In this capacity they will assess, understand,
and communicate educational and ability profiles; communicate
with children and families; and be trained in counseling techniques
in order to be able to support pupils who need this service. They
will also coordinate the extra resources needed by a particular
child, and in time they will incorporate genetic information drawn
from each child’s DNA sequence into their “big picture” of each
child’s needs. We believe this is a better use of a highly trained
and skilled workforce than the current approach in which they
are employed by local government bodies and spend much of their
day driving between different schools, filling in paperwork, and
fighting bureaucracy. We believe the service they can offer children
in this key-worker role, and their ability to enhance personal-
ization in education, could be second-to-none and could make a
very positive difference to children’s achievement, wellbeing, and
lifelong prospects.

5. Teach Children How To Succeed

Genetic basis: IQ and self-confidence may mediate the relationship
between the school environment and achievement through a
process of genotype–environment correlation.

Recommendation: Introduce a weekly Thinking Skills session for
all pupils. (Thinking Skills will not be a National Curriculum
subject as the syllabus will not be dictated from the center and
there will be no public examinations associated with it. Schools
will simply commit to spending one hour per week on Thinking
Skills.)
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Research so far suggests that the process of genotype–environ-
ment correlation may be influential in mediating the relationship
between an environment, such as teacher quality, bullying, or class
size and an outcome, such as achievement. Active correlations
in which pupils’ genetically influenced traits – for instance,
their IQ, motivation, or self-confidence – affect the relationship
between an environment and an outcome constitute a major
research priority for behavioral genetics. When we have a fuller
understanding of this phenomenon, and better tools for measuring
it, our ability to recommend educational interventions that make
sense for individual children will increase exponentially. In the
meantime, we know that potentially mediating traits such as IQ
and self-confidence have a stronger relationship with achievement
than most of the environments we have looked at so far. We
hypothesize a chain-reaction in which environments influence
these mediating traits (as well as genes) and thereby affect the
end result.

Everything we have learned so far has shown us that a high
IQ and self-confidence have a positive impact on education, and
that both are subject to genetic and environmental influences. We
also know that with appropriate coaching they can be improved.
Therefore, we recommend a weekly Thinking Skills session for
every pupil in every school, focusing on these traits. We know that
both of these traits predict good lifelong outcomes and that they are
influenced by the environment as well as genes, making them per-
fect for educational intervention. In many private schools children
already have regular training sessions in aspects of IQ testing, such
as verbal and nonverbal skills. Many others are coached privately
to prepare for school entrance exams which, in many instances,
are essentially IQ tests. Thinking Skills sessions in every school will
level the playing field, and research indicates that both pupils and
society will benefit. We recommend that a wide range of resources
including puzzles and philosophy exercises should be designed and
made available for any teacher seeking inspiration and resources.
Within schools, teachers can use IQ tests and psychological mea-
sures of confidence and motivation to assess whether pupils are
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making progress in these areas. The results should be kept on
file by key-workers as part of each child’s developing profile, and
used for the child’s benefit rather than as a marker of school or
teacher quality.

6. Promote Equal Opportunities from
an Early Age as a Foundation for Social

Mobility in the Future

Genetic basis: Preschool children are especially susceptible to the
effects of shared environment.

Recommendation: Offer free, high-quality preschool education to
disadvantaged children from age 2, free, high-quality preschool
education to all children from age 3 to 4, and extra support to
children in low-SES families from birth.

This recommendation supports the findings of the UK based
EPPE study as well as Heckman’s economic findings, and is broadly
supportive of current government policy in the United States,
the United Kingdom, and elsewhere in the developed world. We
support this approach because it is consistent with the behavioral
genetic findings that shared environment has significant influence
on preschool children and that toxic environments, the homes
that a minority of particularly vulnerable children grow up in,
are especially powerful. Free, high-quality preschool education for
disadvantaged children, therefore, has the potential to go some way
towards equalizing learning opportunities. As with schools these
preschools need to focus on developing and supporting individual
children. Delaying formal learning does not have a negative effect
in countries where it is the norm. For this reason we do not think
that the focus of preschool needs to be on reading, unless that
is what a particular child seems to crave. However, a focus on
developing a growth mindset, IQ, social, and thinking skills, and
self confidence, would seem to be a good idea. Preschools should
be used to enhance school-readiness for all children and by making
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high-quality preschool free for disadvantaged families – the kinds
of preschools that middle-class families will also be clamoring
to send their children to – we will contribute towards our aim
of equalizing opportunities. Even though shared environmental
influence wanes as pupils get older there is evidence that some of
the benefits may persist.

In addition to these measures, children from low-SES families
should be offered extra support from birth. Behavioral genetics
teaches that all human beings are born different and that differ-
ences in our environments – our nurture – increase the differences
we are born with. This is usually a negative thing, born of inequal-
ity of opportunity, but we propose that it doesn’t have to be. In
fact, we can use environmental differences, and their effects, to
reverse the tide and enhance equality of opportunity. By offering
more opportunities to children in disadvantaged families, and
making it easy for them to take up the opportunities, we can make
progress in leveling the playing field and increasing social mobility.

We have several ideas for how to do this, although we look
to those who work closely with disadvantaged families for more.
Our ideas are designed mainly to start a debate about the kind
of education system that fosters equal opportunities and offers
a genuinely personalized learning environment to all children,
whatever their social, genetic, or developmental starting point. So,
for example, we recommend the development of a Portage-like
service aimed at all children growing up in disadvantaged families.
These children would receive regular home visits in which play-
based activities to assist and consolidate their development would
be introduced to them and to their parents. The approach will, we
believe, enhance skill development and school-readiness; support
parents in helping their children by modeling good practice to
them, thereby fostering stimulating home learning environments;
and encourage the development of a growth mindset, a can-do
attitude, and self-confidence from a very early age. The Portage
home visitor should remain in contact with the family throughout
the preschool period, until they hand over to a key-worker when
the child starts school.
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7. Equalize Extracurricular Opportunities
at School

Genetic basis: Genotype–environment correlations depend on
access to choice.

Recommendation: Level the playing field for extracurricular activ-
ities by providing extra support to pupils from families with
fewer resources.

One of the ways in which the playing field is not currently level
is in access to extracurricular activities. A child with the potential
to be a jockey, for example, who grows up in a city with a family
of modest means will probably never discover his potential because
horse-riding lessons and access to horses is prohibitively expensive.

The same is true for the child who could have been a pianist,
a rock climber, or a ballet dancer. Lack of funds gets in the
way of equality of opportunity and so does parental will and
ability to get children to and from extracurricular activities. It’s
too hard if both parents have to work and don’t have the right
sort of childcare; don’t drive; have several children; or suffer from
disabilities. However, this is one of the ways in which potential is
wasted and, therefore, one of the ways in which education can be
used to draw out individual strengths and passions. We propose
that the children of poorer families are provided with vouchers that
can be exchanged for extracurricular activities based in schools or
elsewhere. By basing more high-quality private lessons on school
sites we would probably ensure better access for families and this,
therefore, would be our preference.

8. Create a Two Stage PE Program

Genetic basis: Shared environmental experiences have a significant
impact on fitness for children in primary school, but genes then
become more influential.

Recommendation: Set a standardized PE program for all chil-
dren in primary school and Year 7, then allow children in
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Year 8 and above to choose the form of exercise that they will
undertake.

The research we reported in Chapter 5 strongly suggests that
shared environmental experiences have a significant impact on
fitness for boys and girls in primary schools. This finding, combined
with a rising obesity problem and an increase in diseases related to
a sedentary lifestyle lies behind our recommendation that physical
education should continue to be a compulsory subject in primary
schools. It also suggests that at some point in the teenage years genes
take over the driver’s seat for both boys and girls. We therefore
recommend that in the UK, alongside the National Curriculum PE
lesson each week in primary schools, all pupils are exposed to a
second session in which they can choose the activity they wish to
pursue from a wide array of choices. Once again, this will require
mixed-age PE groups. In this way pupils can identify the activities
they enjoy most and develop some skill in them before they go to
secondary school.

After the first year of secondary education the PE curriculum
should be entirely choice-driven, again with a very wide array
of choices. There should be no more compulsory cross country
running in the rain, and no more humiliating football or netball
sessions for kids who simply hate these sports. Individual differ-
ences in preference and ability will be respected in the new system.
Pupils can choose to participate in whatever form of exercise they
like best. The only rule is that they have to choose and commit to
something. The evidence that exercise, perhaps particularly team-
based exercise, may also interact with genes to militate against
developing a lifelong smoking habit with all of its negative health
implications, suggests that this recommendation may have a posi-
tive impact on health and health economics, as well as benefiting
the individuals involved.

9. Change the Destination

Genetic basis: Realizing genetic potential across a nation requires
variety of opportunity beyond secondary education.
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Recommendation: Increase the number and range of options avail-
able for work- and college-based vocational training; make
apprenticeships more affordable for and attractive to employers;
and educate pupils so they have mastered basic skills, found their
true interests, and are more attractive to employers.

Not everyone wants to go to university and, unfashionable
though it is to say so, not everybody should. There are millions of
students who will gain more life satisfaction, and in time earn more
money, by mastering a set of skills that do not involve a university
degree. In the United Kingdom the school-leaving age was raised
from 16 to 17 in 2013 and will rise to 18 by 2015. We believe this
change could benefit young people and society, but only if it offers
young people education that actually meets their needs, interests,
abilities, and aspirations. By offering “more of the same” to pupils
who are switched off by academic study we will turn schools into
holding-pens that cause more unrest than they solve.

By the later school years, if our recommendations are adopted,
most pupils will already have achieved a pass in basic skills; they
will have a developmental profile going back to before they began
primary school; and they will have a key-worker who knows them
well. This information could then be used to provide career and
training advice to the individuals involved and to determine the
courses that schools will offer to their older pupils. The child who
wants to become a cabinet maker, a mechanic, a police officer, a
healthcare assistant, a teaching assistant, or a receptionist should
be given as much opportunity to pursue an education that will be
useful to them as they try to achieve their aspirations as the child
who wants, and needs, to go to university in order to become a
lawyer, a doctor, or an engineer. A wide range of valuable and
accredited courses that will prove genuinely useful to young people
as they seek employment should be offered in every school and
supported by at least as much funding as academic subjects. These
pupils will not require further funding at university and so the
final years of the school are the time to invest heavily in them
and their plans for the future. Furthermore, and we appreciate
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that this is not easy to achieve in the current climate, they should
have equal status in the school environment, an assertion which
is borne of an understanding that they are following courses they
have chosen rather than taking “second best” options because they
weren’t bright enough to do anything else. Education policy for
many years has whittled away respect for choices that do not take
pupils to university. Respect for individual differences in talents
and preference needs to be restored, and parents and teachers bear
a large part of the responsibility for restoring it.

In addition to offering all young people choices in line with their
developing abilities and preferences, and basing their education
on a cornerstone of basic skills, governments need to work with
employers to provide apprenticeships, internships, work experi-
ence, and on-the-job training for all pupils who prefer to enter the
world of work rather than the world of higher education.

10. Train New Teachers in Genetics and Give
Them the Tools to Put it Into Practice

Genetic basis: Personalizing education is the best way to realize the
potential of individual children who are “naturally” different.

Recommendation: Add a course in the genetics of learning and
education for all in teacher training, and issue a call for tender
for groups and individuals who wish to design and pilot prac-
tical approaches to the personalization of education. Successful
techniques, training, and resources should subsequently be made
available to all schools.

We recommend that all teacher-training courses include at least
one module on the genetics of ability and achievement and the
implications of individual differences for teaching practice. In this
way we begin to tackle the assumption that children are blank
slates who only need good enough teachers to get them all to
jump through the same hoops. We also get to engage teachers
in thinking about personalization from their earliest days in the
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profession. We think this is important because it will change the
questions that teachers ask when faced with a struggling child,
or a child with difficult-to-manage behavior. It will enhance their
ability to reflect on and improve their own practice. In a system
in which teachers are not judged on every child meeting a certain
threshold in a certain year, or progressing through a certain number
of National Curriculum sublevels, it is important that they have
means of tracking and supporting progress and potential. It is
important that, hopefully in conjunction with the child’s key-
worker, they are free to think about Individual Education Plans for
every child and have strategies at their fingertips for implementing
them successfully in large, mixed classes.

We have some ideas about how to make genuine personalization
work in classrooms. These include our proposal to use educational
psychologists as school-based key-workers. We also believe that
there is a huge role for computers to play in personalizing educa-
tion. Computer software that is sensitive to individual ability and
progress will, we predict, be the single biggest support to teachers
trying to personalize the learning experience in mixed classrooms.
Ever-greater use of interactive technologies will increase the possi-
bilities for all children to be making progress, even at times when
the teacher does not have the resources to move them on. Our
focus on ICT as a Basic Skills subject will support children in being
able to benefit from educational software.

We ourselves do not presume to design the software or the
myriad personalization interventions that are possible. We believe
that this would be better done by teachers and educational software
designers, and that government funding should be provided to
encourage this to happen and the results of well-designed and
reliable studies of pilot interventions shared so that best practice
in personalization can be implemented in all schools. In the
meantime, we will focus on continuing to enrich the evidence base
for individual differences in learning that we hope will inform these
initiatives.
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11. Big Is Beautiful

Genetic basis: Genotype–environment interplay and nonshared
environmental influence depend on choice.

Recommendation: Size makes choice viable. Make our schools
bigger and the links between the different levels of schooling
stronger.

Everything we have learnt about individual differences, about
genotype–environment interplay and about nonshared environ-
mental influence points to choice as an integral element in offering
equal environmental opportunities to all natures. In practice,
economies of scale dictate that this necessitates large schools.
Size will make choice economical and viable and choice is what
matters. Schools, therefore, need to be big; to be capable of offering
an unprecedentedly broad range of educational choices; and to be
so desirable that everybody of every background wants to come.
It is undemocratic to ban the competition – the schools that cream
off the easiest pupils and claim their success as their own – so we
just have to beat it. There are very few schools that could compete
with one in which your child was offered a completely personal-
ized learning experience from ABCs through to school-leaving or
graduation, and in which they can pursue any learning goal you
care to mention. Size will matter because we will need enough
demand to justify the diverse supply of educational experiences
we wish to offer. Genetically sensitive schools will be very large
schools with continuity between primary, secondary, and tertiary
education. There will be a place for all of the children in a single
community in one of our genetically sensitive schools and, if it is
properly designed and run, they will all want to come.

In the next chapter we imagine a school in a world where our
wish list becomes law. We appoint ourselves Education Secretaries
for a day.



Chapter 14

Education Secretary for a Day

As “Education Secretaries for a Day” we would graciously accept
all eleven of our own policy ideas. Nonetheless, we would subject
them to rigorous scientific testing and, if the results were positive,
set up a genetically sensitive school. If our school worked well
we would then roll out our plans across the nation. Either this
is going to require a little suspension of disbelief or it’s going
to be a very long day. What we propose is a line-drawing of a
genetically sensitive school. Much coloring-in remains to be done
by researchers, teachers, and society at large. But it’s a start,
something to work with – we make no greater claims.

The site we choose for our genetically sensitive school will be
enormous, more like a small university campus than a traditional
school. It will have to be this size to hold all of the facilities it
needs to accommodate and all of the options it needs to provide.
It will serve the community around it, and we will make it so
appealing and so successful, and we will foster such a pleasant
environment and such a wonderful reputation, that every child of
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every faith, every race, and every social background will want to be
educated there. Our school site will need to be big so that we need
turn away no child from our local community. There will be no
complicated admissions procedure and no luck of the geographical
draw. Our school will be built to accommodate every child in our
local community, and in an ideal world every community will have
an equivalent school. We are not unrealistic but this chapter is a
place for utopian thinking rather than practicalities and caution.
And since we’re acting as politicians here we have a duty to actively
sell the idea to you.

On the site we will build a primary school, a secondary school,
and a linked center for children with special educational needs (who
may be educated entirely there, entirely in mainstream school, or
in some combination of the two). The degree of integration in
classes for children with learning or behavioral difficulties will
depend on the individual child’s needs and wishes, but social
integration will be improved simply by sharing a site and by
sharing facilities. In this way we make children with disabilities
part of the everyday world rather than hiding them away in
physically segregated schools. We will also build a large and well-
equipped leisure center with a pool and facilities for a broad
array of sporting opportunities. There will be space for several
sports fields and pitches and other outdoor facilities such as a
horticulture center for aspiring botanists, beekeepers, landscapers,
florists, and biologists. There will be a large and well-stocked on-
site reference and lending library as well as music rooms, media
rooms, language laboratories, and a theater. Finally, there will
be a Child Development Center staffed by a General Practitioner
or Primary Care Physician, a pediatrician, nurses, speech and
language therapists, counselors, careers advisors, and our team of
key-workers/educational psychologists. Other professionals such
as physiotherapists and occupational therapists will be employed
there too, as and when they are needed by our pupils.

All children will join our primary school with an Individual
Education Plan (IEP), drawn up by the key-worker they will have
met at home, together with their first teacher, in the months before



180 Education Secretary for a Day

they began school. In time, information will also be drawn from
gene chip technology. The approach we take to learning at this stage
will be based on the developmental profile underpinning the IEP.
Reception classes will be play-based and will be set up to allow
for intensive observation, monitoring, and tracking rather than
formal instruction. Our Reception and Year One classes for 5- and
6-year-olds will be small – perhaps 15 to 20 children per class – to
make a highly personalized education as easy to achieve as possible
in the years when the basic skills are first introduced and in which
children become accustomed to learning and socializing in the
school environment. Teachers will focus on developing confidence
and self-regulation skills as well as introducing children to formal
learning when they are ready, and supporting their development in
the social, creative, cognitive, and physical arenas.

Educational research has shown that small classes are most
beneficial in these early years, underpinning our decision to make
this investment young but not later. After the first two years class
sizes will increase to a more typical 30 children. Research suggests
that this is not harmful to pupils, and there is the added benefit
that increased numbers can increase the likelihood of teachers
being able to group children of like mind and like ability together
for small-group teaching and peer-supported learning. By this
time, age 7, the children who need extra support to master core
educational skills will have been identified and, where appropriate,
will have already been referred to the correct services in our on-
site Child Development Center, as well as having their needs met
in class. All children will have been exposed to some degree of
formal instruction in the basic skills, although while some will
be competent readers by this stage others will have begun their
reading journey relatively recently. A teacher’s referral to the Child
Development Center for extra support, or their decision to provide
one-to-one or small group tuition, will not have to be justified and
will only be documented on the relevant children’s IEPs.

As children progress through our primary school they will carry
out focused activities in the 3Rs and ICT every day that reflect
their individual goals. These goals will be defined by a National
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Curriculum and progression towards passing the basic skills certifi-
cate. It is likely that these activities will take up most of the morning
every day of the week, with space for self-directed play, learning,
and observation in between focused activities. Once a week our
children will take part in a National Curriculum PE lesson focused
on fitness and health and once a week they will participate in a
physical activity session of their own choosing, along with other
primary school children from all years who have chosen the same
option. The options could involve football, rugby, hockey, basket-
ball, swimming, fencing, horse-riding, dance, archery, yoga, martial
arts, skate-boarding, gymnastics, running, athletics, or anything
else the student body suggests they would like to pursue. Lessons
will be carried out in the school, the sports center, and the playing
fields. They will be of sufficient structure and quality that, say, a
child who commits to taekwondo will be able to work through the
belts if they wish to and other children will be able to engage with
their sport in terms of competitions or progressing through levels
or grades. Choices and participation will be taken seriously and
not viewed as “time out.” This physical activity session will be one
of two “choosing” sessions in the primary school week. Pupils can
pursue the same activity throughout school if they wish to, or can
choose different activities each term. Ideally they will identify and
commit to a form of exercise they enjoy and are capable of pro-
gressing in by the end of their primary school education at age 11.

In addition to the weekly sports choice there will be a “choosing”
afternoon once each week when children can select one option from
a very wide range which they can pursue in a mixed age class with
a teacher with the necessary expertise. Similar educational aims
apply to this as to the sports session in that this will not be
down-time. Rather, children will be observed and monitored just
as rigorously in this session as in any other, and will be supported
in developing their interest or skills further. The real purpose is to
give our children plenty of opportunity to find their talents and
interests, by trying out different activities and areas of learning,
and to support them in developing their interest and their expertise.
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Again, they will pursue their “choice” for at least one term before
having the option to make another “choice.”

In the remaining time, which will amount to approximately three
afternoons, the teacher will be free to pursue the class’s interests
and needs in a series of more short-term “topics” and to use these
sessions to focus on both whole class and individual learning goals.
This time will also be spent on subjects such as nature, religion,
thinking skills, art, music, drama, and humanities.

Topic sessions will represent an opportunity to pursue a partic-
ular subject in depth and to develop pupils’ skills in art, music,
drama, history, geography, science, and any other relevant subject.
Our teachers will have total control over the topics they introduce
to their classes, and the school will be sufficiently well-funded to
support their choices with appropriate resources. Because all of
the children will learn ICT skills from the very beginning of their
education, the Internet will be a cost-effective way of providing
children with access to relevant support materials without incur-
ring too great an expense. This degree of flexibility was not possible
when a single topic required the purchase of thirty books for a
class, thereby committing generations of teachers to teaching the
same material year after year, regardless of their own interests or
those of their pupils. Teachers and pupils will have an unparalleled
degree of degree of freedom to shape and direct their learning.

The basic structures of the primary school day will remain
essentially unchanged; registration, mid-morning play, lunch and
lunchtime play, and mid-afternoon play will punctuate the educa-
tional day. There will be assemblies and story time. The school day
will be approximately 6 1/2 hours long.

After school, children will be free to sign up for a broad array
of extracurricular activities, the cost of which will be means-tested,
with the most disadvantaged children entitled to participate in any
activity they choose free of charge. The school will hire specialist
teachers for these extracurricular opportunities so that the quality is
as good as would be provided privately. This is often not the case in
schools for activities such as music lessons, and it will be important
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to provide teachers who have the time and capacity to really
nurture talent or interest when they find it. These extracurricular
activities will be open to children from the primary and secondary
schools, including the center for children with special needs, and
age restrictions will only be applied where absolutely necessary.

The primary school we have proposed differs from mainstream
primary schools in some important ways. Learning will be per-
sonalized to an unprecedented extent by the involvement of the
key-workers who will know and act as advocates for individual
children. These key-workers will play a hugely important role in
ensuring that every child’s needs are understood in detail and are
met at all times. They will speak up for the child when they need
extra resources or support, and ensure that provisions are put in
place to meet their individual needs. There is no doubt that our
key-workers will provide a five-star service.

In part this is a nice way of saying it will cost a lot but it is
important to bear in mind that improving education is likely to
yield economic benefits to society as a whole, as well as supporting
optimal child development. Our key-worker service is designed to
provide lasting and life-enhancing benefits to every child, through
making sure that their education is tailored, as perfectly as possible
in the real world, to their individual needs. Any teacher who
struggles with a child will have a point of contact with whom to
discuss the child and devise strategies to improve their learning
and their wellbeing. In the best-case scenario that point of contact
will be an individual who has known the child since the age of 4
and has developed a strong relationship with them and their family
over the intervening years. We will need to treat our key-workers
well, and to set in place a career and pay structure that allows for
personal progression. Our key-workers may not have access to a
DNA screen for each child, although in time this will change, but
they will have a clear understanding of the child’s uniqueness – the
behavioral manifestations of both their nature and their nurture.

When children reach the age of 11 they will make the transition
to secondary school. Because our secondary school is on the
same site as our primary school they will have already had many
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opportunities to visit the building and to interact with the teachers
and pupils there. They will also be used to mixing with secondary
school pupils in extracurricular activities and, in some instances,
in the activities undertaken on their two “choosing” afternoons.
Furthermore, their key-worker will stay with them through this
transition and throughout their secondary school career. All of
these factors will, we predict, enable a smooth transition for the
vast majority of children.

In many ways, practices at the secondary school level will be
similar to those at the primary school level. There may be some
very able children who have already passed their final basic skills
examinations but most others will still be working through the
levels at their own pace as the final certificate will demand a
good level of competence. After the first year of secondary school,
National Curriculum PE will be replaced with a second one-hour
sports option in which pupils can select an activity from the wide
range on offer. As at the primary school level the whole school will
undertake their PE sessions together so that as many options as
possible can be offered to mixed-age groups. The same will apply
to the second PE session of the week.

There will be some major differences though. For instance, we
will take the opportunity when we open our school to trial a later
start time, say 10 a.m., for our secondary school pupils. In an ideal
world we will have already trialed this in an existing school – with
a 9 a.m. start time for half of the pupils and a 10 a.m. start for
the other half, so that we are certain about the decision we make.
Scientific evidence suggests that teenagers’ body clocks run several
hours behind adults’ because of differences in their melatonin levels
that make them naturally unsuited to early starts. A 10 a.m. start
has been tried in some schools and appears to be successful, or
at least not harmful, but we would want to see the results of an
experimental case control study of the change so that we ensure we
offer the best and most appropriate education we can. If we do not
trial the intervention prior to opening we will randomly assign our
initial pupils to a 9 a.m. or a 10 a.m. start group, and will test their
relative achievement, motivation, and wellbeing before making a
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final decision on school policy. We will also use the data to ask
questions such as whether a late start, if it has a positive effect, is
appropriate from age 11 or from a later age – say 13 or 14 – and
whether a reversion to the earlier start-time should occur after 16.
We will also consider the timing of formal examinations in light
of the evidence. In our schools any new interventions will always
be evidence-based and will always be subjected to an experimental
trial before being adopted and implemented. A school designed on
a scientific base, such as this one, must remain true to scientific
evidence and the scientific method.

One major difference between our primary and secondary
schools will be that pupils will be offered more individual choice in
secondary school, and this will not be constrained to a single after-
noon session. During their first year pupils will have compulsory
classes – basic literacy, numeracy, and ICT skills, PE sessions, and
science. During the first two years of secondary school they will
be immersed in physics, chemistry, biology, and a course in under-
standing and interpreting scientific findings, but will subsequently
only be required to pursue one of these subjects to final examina-
tion level. Many pupils will wish to pursue more, or even all, of the
sciences and that will be their choice. Aside from these subjects 11-
and 12-year-old pupils will be exposed to a broad array of taster
courses, each lasting for a half-term or half-semester. At the end
of their first year they will choose a selection of these courses to
pursue the following year. The options will be defined by teacher
and pupil interests. Pupils will have the same opportunity to stick
with their choices or to change them in the following year, at the
end of which they will choose the subjects that they will pursue for
formal educational qualifications until the age of 16. The choices
on offer will be academic: natural and social sciences, advanced
mathematics, literacy, computing (beyond basic certificate level),
humanities, modern and ancient languages, and arts subjects. They
will also cover a wide range of vocational subjects that will prepare
students, who we know will be literate, numerate, and able to use
a computer, in the skills and knowledge they think they will need
to secure the future to which they aspire. The range of options on
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offer will be unrivalled by those at any other school, something
that will be made possible by our size as well as our prioritization
of individual differences. All of our pupils will be free to choose a
mixture of vocational and academic subjects if they, in consulta-
tion with their key-worker, their teachers, and their family believe
that this is appropriate for them and will serve to activate positive
genotype-environment correlations that will allow them to make
optimal use of the opportunities on offer to achieve their ambitions
and fulfill their natural potential.

It all comes down to choice (you see we’re talking like politicians
already). By offering an unprecedentedly large range of choices in
both our curriculum and our extracurricular opportunities we
will support pupils in pursuing a path through education that is
tailor-made for them and will give them the skills, knowledge, and
qualifications to go out into the world and succeed. Each pupil’s
key-worker will track their progress throughout school and access
the support of professionals of any kind if and when they need
them. In particular, all pupils will be offered high quality careers
advice based on their individual profiles.

After formal examinations at age 16, pupils will move on to
centers that will take them closer to achieving their ambitions. For
some these will be colleges offering academic courses and aimed at
preparation for university education, for others they will be well-
funded vocational colleges with strong connections to employers,
and with funding to train apprentices in the full range of trades
and career paths. The colleges, rather than the individuals, will
take responsibility for matching trainees with employers and will
provide ongoing advocacy on behalf of the young people they teach
in order to ensure that their training is well-funded and sufficiently
diverse, so that nobody falls through the net.

Our genetically sensitive approach, although undoubtedly
expensive, will support and nurture individual differences and
will, we predict, prove both socially and economically beneficial
to individuals and society in the long term. We believe this is an
investment in education that is worth making and that will really
make a difference. Average performance will go up and individual
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children will be better prepared to find useful and constructive
ways of living in the world when they leave school. We aim to
treat all children with equal respect and provide them with equal
opportunities, but we do not believe that all our pupils are the
same. Children come in all shapes and sizes, with all sorts of
talents and personalities. It’s time to use the lessons of behavioral
genetics to create a school system that celebrates and encourages
this wonderful diversity.
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