
With the effective engagement 

of all learners as well as teach-

ers, parents and policy makers, 

the impact of this emerging 

discipline could be highly bene-

ŦƛŎƛŀƭέ (Frith 2011). 

Hopefully we can as an organi-

sation contribute to this debate.   

 

This  short booklet is designed 

to give an overview of the key-

note and breakout sessions on 

this topic at the conference.  

During the past decade ad-

vances in neurobiological tech-

niques, particularly noninva-

sive ways of evaluating activity 

in human brains, has precipi-

tated an explosion of research 

into all aspects of cognition. 

Whereas, in the past, we were 

largely dependent upon the 

analysis of patients exhibiting 

neural trauma to explore the 

complexities of motivation, 

leaning and memory today this 

can be done with normal sub-

jects, in real time (with some 

limitations) and on relatively 

large samples.  

These techniques, recording 

discrete electrical activity 

(electroencephalography EEG 

and magnetoencephalography 

MEG), regional cerebral blood 

flow (blood flow to the most 

active regions), specific binding 

of particular drugs and neuro-

transmitters (positron emission 

tomography (PET) and func-

tional magnetic resonance im-

aging, have been instrumental 

in allowing scientists to probe 

complex processes. It has even 

been possible, using transcra-

nial magnetic stimulation 

(TMS), to temporarily disrupt 

activity in specific areas to test 

a hypothesis.  These functional 

techniques associated with 

tensor imaging and structural 

magnetic resonance imaging 

are revealing a huge amount of 

useful information.  

However, this work cannot go 

on in a vacuum and like all great 

scientific  developments it is 

dependent upon careful obser-

vation and the collection of 

huge amounts of corroborative 

data to have any credence. 

From the outset this has been 

the Intention of the Royal Soci-

ety and its working parties in 

the Brain Waves Project.  

¢ƘŜ ƴŜǿ ŦƛŜƭŘ ƻŦ ΨŜŘǳŎŀǘƛƻƴŀƭ 

ƴŜǳǊƻǎŎƛŜƴŎŜΩ ǎƻƳŜǘƛƳŜǎ ŎŀƭƭŜŘ 

ΨƴŜǳǊƻŜŘǳŎŀǘƛƻƴΩΣ ƛƴǾŜǎǘƛƎŀǘŜǎ 

some of the basic processes 

involved in learning to become 

literate and numerate; but be-

yond this it also explores 

ΨƭŜŀǊƴƛƴƎ ǘƻ ƭŜŀǊƴΩΣ ŎƻƎƴƛǘƛǾŜ 

control and flexibility, motiva-

tion as well as social and emo-
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Education is about 

enhancing learning 

and neuroscience is 

about understanding 

the mental processes 

involved in learning. 

This common ground 

suggests a future in 

which educations 

practice can be 

transformed by 

science, just as 

medical practice was 

transformed by 

science about a 

century ago. 

 

The basic tools that neurosci-

entists have at their disposal 

to probe the activation of 

specific brain regions and to 

analyse structural changes 

during development are de-

scribed here with some pre-

liminary comments about the 

scope of this work. 

It is important to establish 

clearly what Science can and 

cannot do at this stage. Edu-

cational research and indeed 

pedagogy has been ham-

pered by attempting to trans-

late early scientific findings 

into classroom practice too 

early. 

We now have a golden op-

portunity to work together to 

enhance the learning oppor-

tunities of our students. 

We have new and exciting 

tools to study brain activity 

and there is much goodwill 

from scientists and research-

ers to explore together the 

areas of mutual interest. 

 

T h e  L e a r n i n g  B r a i n 

Between Euphoria and Rejection 

Why Now? 

Professor Uta Frith FRS FBA FMedSciEmeritus Professor, Institute of Cognitive Neuroscience, University College Lon-

don and Visiting Professor at Aarhus University, Denmark. 
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There are many examples of 

structural changes occurring in 

specific areas of the brain as a 

result of intensive stimulation.  

There can be no doubt that the 

brain is plastic, within limits, and 

that compensatory learning to 

offset genetic and or structural 

limitations works (see Goswami 

later) occurs. 

London taxi drivers who have 

ǎǳŎŎŜǎǎŦǳƭƭȅ ŎƻƳǇƭŜǘŜŘ ΨǘƘŜ 

ƪƴƻǿƭŜŘƎŜΩ ƛΦŜΦ ƭŜŀǊƴƛƴƎ ŀƭƭ ƻŦ ǘƘŜ 

streets in a 6 mile radius around 

Charing Cross demonstrate signifi-

cantly enlarged right posterior 

hippocampi (see Duzel later) and 

this increase was related to navi-

gation experience. At least 75% of 

the candidates drop out and it 

would be interesting to find corre-

lates of this predisposition

(Woollett   et al 2009). It is interest-

ing to note that neural develop-

ment  is both increased and re-

duced. Cell death and neural 

sculpturing are an important parts 

of development. 

Some preliminary examples. 

Beware of exaggerated claims 

There have been many exagger-

ated claims that fluid intelligence 

increases after training in working 

ƳŜƳƻǊȅ ǳǎƛƴƎ ΨōǊŀƛƴ ǘǊŀƛƴƛƴƎΩ 

games. However, following such 

training, in controlled conditions, 

only some children showed large 

gains in working memory and 

consequently fluid intelligence 

and clearly this is not a simple 

relationship. Many factors such 

as motivation and salience (see 

Duzel later) play a key role here. 

Individual differences play a cru-

cial role Jaeggi et al (2008).  

Individual differences exist that 

are due to genetic makeup (as 

shown in twin studies see Plomin 

later). However, influence is 

probabilistic and not determinis-

tic. It is quite clear that pedagogy 

can overcome many of these 

limitations but we must under-

stand what these limitations are 

and how the brain is designed to 

overcome them most effectively. 
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Your ideas are needed: 

¶ How can neuroscien-

tists and educators 

best collaborate? 

¶ What would have 

most impact upon 

education? 

¶ How can we discern 

between the good 

and the bad in adver-

tised teaching pro-

grammes purporting 

to be science based? 

 

 

 

We know: 

¶ Education changes 

the brain. 

¶ It is not enough to say 

each individual is 

different. Some of the 

reasons for the differ-

ences can be re-

vealed. 

¶ Education is not a 

quick fix. 

 

 

 

 

Neither euphoria nor rejection: 

 

[ŜǘΩǎ ƘŀǾŜ ŀ ŘƛŀƭƻƎǳŜ 

 

[ŜǘΩǎ ǊŜƳŀƛƴ ǎŎŜǇǘƛŎŀƭ  

 

 

 

 

. 

What do we mean by a good edu-

cation? 

¶ wŜŀƭƛȊƛƴƎ ŀƴ ƛƴŘƛǾƛŘǳŀƭΩǎ 

potential for learning how 

to learn, for flexibility of 

thought and for resilience 

in the face of stress. 

¶ A good education should 

enhance creativity, innova-

tion and wellbeing for the 

individual and enhance 

contribution to society. 

What is Neuroeducation? 

¶ Neuroeducation is the use 

of evidence-based knowl-

edge about the brain in the 

context of education in 

order to enhance learning 

ability 

 

How might Neuroscience help? 

¶ Understanding speech, 

literacy and numeracy. 

¶ Understanding the impor-

tant role of motivation 

and reward. 

 

 

 

 

 

 

 

 

T h e  L e a r n i n g  B r a i n 

Strategies for the future 

Neuroeducation: Making the most of Our 

Minds.  
Barbara Sahakian  FMedSci Professor of Clinical Neuropsychology , University of Cambridge. 
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Despite the limitations mentioned 

previously, concerning working 

memory and fluid intelligence in 

children, there is good evidence 

to suggest that cognitive training 

in adults and continuing education 

is highly beneficial. 

ω9ƴƎŀƎƛƴƎ ƛƴ ƳŜƴǘŀƭƭȅ ǎǘƛƳǳƭŀǘƛƴƎ 

activities from middle age is corre-

lated with lower incidence of de-

mentia  

ω/ƻƎƴƛǘƛǾŜ ǘǊŀƛƴƛƴƎ Ƙŀǎ ōŜŜƴ 

shown to improve cognitive abili-

ties and slow cognitive decline in 

older adults  

ωάΧƻƭŘŜǊ ƛƴŘƛǾƛŘǳŀƭǎ ǿƘƻ ǊŜǇƻǊǘ 

higher levels of well-being also 

have better cognitive func-

ǘƛƻƴέ ό.ŜŘŘƛƴƎǘƻƴ нллуύ 

See Duzel later: 

All teachers know the importance 

of making tasks relevant and 

stimulating. However, the impor-

tance of novelty has been under-

estimated and this suggests that 

engagement using, for example, 

computer games may be much 

more important than we thought. 

This is not simply a trivialization of 

the educational process but an 

important tool to use and en-

hance performance. The role of 

the neurotransmitter Dopamine in 

this process is crucial.  

Cognitive Training 

Motivation Dopamine and  and Learning 
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Cognitive Enhancing Drugs 

Impulsivity and Cognitive Control 

Impulsivity is a feature of the 

behaviour of children and 

education and cognitive de-

velopment are crucially de-

pendent upon its control. This 

is a feature of the develop-

ment of the frontal lobes and 

is not complete until the end 

of adolescence (the relation-

ship between impulsivity and 

risk taking will be discussed 

later, see Burnett).   

Four year old children who 

delayed gratification in cer-

tain laboratory situations 

developed into more cogni-

tive and socially competent 

adolescents, achieving higher 

scholastic performances and 

coping better with frustration 

and stress. Such tasks usually 

offer higher reward for the 

longer delay in gratification 

Mischel (1989). The ability to 

inhibit a familiar and pro-

grammed patterns of re-

sponses can easily be meas-

ured in children and adults in 

a fMRI scanner using the 

following type of task, where 

they are presented with a 

screen containing either a left

- or right-pointing arrow. 

Each subject is told to press a 

corresponding left or right 

key, unless a sound was 

played after the presentation 

of the arrow, in which case 

subjects had to refrain from 

pressing the button (although 

this sound was only played on 

25% of trials). The delay be-

tween the display of the ar-

row and the onset of the 

sound was dynamically cali-

brated to each subject while 

in the scanner, such that each 

subject was getting around 

50% of the "stop trials" cor-

rect and 50% incorrect. The 

value of this delay is known 

as the stop signal delay, or 

SSD. This is then subtracted 

from the median reaction 

time on go trials to arrive at 

the stop signal reaction time.  

 

Work with children exhibiting 

ADHD has shown the value of 

using a range of drugs that 

have the effect of inhibiting 

impulsive responses. 

T h e  L e a r n i n g  B r a i n 
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Cognition improves on a range of 

measurements following exercise. 

As we have probably always 

known there is now good evi-

dence for this phenomenon 

throughout life. Furthermore ani-

mal research indicates increased 

neurogenesis following exercise.   

Further study will indicate more 

precise relationships between 

type of activity and subsequent 

benefits 

Exercise and Cognition 
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Future Directions 

Progress will depend upon 

the interrelationship between 

a number of disparate disci-

plines.  

The following should be con-

sidered: 

ω.ǳƛƭŘ ƴŜǘǿƻǊƪǎ ǘƻ ŦŀŎƛƭƛǘŀǘŜ 

the exchange of ideas. 

ω.ǊƛŘƎŜ ǊŜǎŜŀǊŎƘ ŀƴŘ ǇǊŀŎǘƛŎŜ 

to translate novel findings 

into evidence-based learning. 

ωYƴƻǿƭŜŘƎŜ ƻŦ ƴŜǳǊƻǎŎƛŜƴŎŜ 

relevant for education should 

be part of continued profes-

sional development (CPD) for 

teachers, especially those 

involved in special educa-

tional needs 

ωwŜŀƭƛǎŜ ōŜƴŜŦƛǘǎ ŀƴŘ ƻǇǇƻǊπ

tunities for well-being, health, 

employment and economy. 

For example, neuroscience 

can make valuable contribu-

tions to the development of 

adaptive technologies for 

learning (e.g. cognitive train-

ing could be promoted via the 

UK games industry) 

ωbŜǿ ŜŘǳŎŀǘƛƻƴŀƭ ǘŜŎƘƴƻƭƻπ

gies provide opportunities for 

personalised learning that our 

education system cannot 

otherwise afford 

ω/ƻƴǘǊƛōǳǘƛƻƴǎ ǘƻ ƴŜǳǊƻŜŘǳπ

cation will come from many 

disciplines and we need to 

work together to make the 

most of our minds. 

T h e  L e a r n i n g  B r a i n 
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The last century has been one 

that, scientifically, has been domi-

nated by an exponential rise in 

our level of understanding about 

our genetic basis. However, de-

spite this rise in molecular under-

standing there has still been a 

disconnect between the search 

for qualitative traits, that show 

simple patterns of inheritance, 

and biometricians who focused on 

quantitative traits that are nor-

mally distributed. These two 

worlds are now being brought 

ǘƻƎŜǘƘŜǊ ōȅ ΨƎŜƴƻƳŜ-wide asso-

Ŏƛŀǘƛƻƴ ǊŜǎŜŀǊŎƘΩ όD²!ύ ǿƘƛŎƘ 

shows that the ubiquitous herita-

bility of common disorders is due 

to multiple genes of small effect 

size. 

The finding that multiple DNA 

variants are associated with com-

mon disorders is leading to disor-

ders being thought of in quantita-

tive terms. 

A general consensus in genetics 

exists todayτthat all variation in 

all complex traits, including all 

psychological and behavioural 

traits, is partly explained by DNA 

differences (polymorphisms) 

among people, that many DNA 

polymorphisms are involved in 

each trait and that each polymor-

phism explains very little of the 

variation in any given trait.  

Learning disabilities such as dys-

lexia, dyscalculia, and ADHD have 

been conceptualized as quantita-

tive cut-offs on one or several 

dimensions at the extreme end.  

The QTL model implies that each 

individual is likely to have their 

own unique combination of ge-

netic variants contributing to their 

abilities and performance. 

Genetics of cognitive abilities and disabilities 
Professor Robert Plomin: Professor of Behavioural Genetics at the MRC Social, Genetic and Developmental Psychiatry (SGDP) Centre at the Institute 

ƻŦ tǎȅŎƘƛŀǘǊȅΣ YƛƴƎΩǎ /ƻƭƭŜƎŜ [ƻƴŘƻƴΦ 

Quantitative Trait Locus (QTL) model. 
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Doubling the difference be-

tween these correlations 

results in a heritability esti-

mate of 50 percent, which 

also suggests that about half 

of the variance of IQ scores 

can be accounted for by ge-

netic factors. Because these 

studies include more than 

10,000 pairs of twins, the 

error of estimation is small. 

There is a 95 percent chance 

that the true heritability is 

between .48 and .52. 

Simple calculations of the 

heritability of a trait can be 

made using twin studies with, 

preferably, large numbers of 

identical and fraternal 

twins in the same study. 

If identical and fraternal 

twin correlations are the 

same, heritability is esti-

mated as zero. If identical 

twins correlate 1.0 and 

fraternal twins corre-

late .50, a heritability of 

100 percent is implied. In 

other words, genetic dif-

ferences among individu-

als completely account for 

their phenotypic differ-

ences. A rough estimate of 

heritability in a twin study 

can be made by doubling 

the difference between 

the identical and fraternal 

twin correlations. IQ cor-

relations for identical and 

fraternal twins are .85 

and .60, respectively. 

T h e  L e a r n i n g  B r a i n 

Quantitative genetics: Twin Studies 
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two traits can be 1.0 even when 

the heritabilities of the two traits 

are modest.  This has led to the 

Generalist Genes Hypothesis. 

Quantitative genetic research has 

shown that the same genes affect 

different learning abilities and 

disabilities (see later). 

These surprising findings derive 

from multivariate genetic analy-

sis , which investigates not only 

the variance of traits considered 

one at a time but also the covari-

ance among traits. Multivariate 

genetic analysis estimates the 

extent to which genetic and envi-

ronmental factors affect one trait 

and also affect another trait. It 

reveals a statistic called the 

ΨƎŜƴŜǘƛŎ ŎƻǊǊŜƭŀǘƛƻƴ ϥǿƘƛŎƘ ƛƴπ

dexes the correlation between 

genetic effects on the two traits 

independent of the heritabilities 

of the two traits. Importantly then 

the genetic correlation between 

How heritable are common traits? 

For learning disabilities MZ and 

DZ twin concordances are about 

85% and 50% respectively and 

are similarly different for reading 

and for language and mathemat-

ics. These results indicate sub-

stantial genetic influence on 

learning difficulties which is 

greater than for most other com-

mon psychiatric disorders.  

Do different genes affect different cognitive abilities? 
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Generalist Genes 
In a review of a dozen multi-

variate genetic studies of 

learning abilities and difficul-

ties (it is important that quan-

titative genetics is looking at 

a normal range of ability) the 

average genetic correlation 

was 0.7 between reading and 

language, reading and mathe-

matics, and language and 

mathematics. Similar results 

emerge both in middle child-

hood and early adolescence.  

This has very important impli-

cations in that it appears that 

the same set of genes is 

largely associated with most 

learning problems and it 

should therefore be much 

easier to find what these 

genes are and do.  

T h e  L e a r n i n g  B r a i n 

Molecular Mechanisms 
Identifying the genes respon-

sible for the genetic effects 

on variation in learning will 

provide the ultimate early 

diagnostic indicators of learn-

ing difficulties, because a DNA 

sequence does not change as 

the result of development, 

behaviour or experience.  

Finding these genes may fa-

cilitate the most suitable 

teaching methods and learn-

ing environments for individ-

ual cognitive and motiva-

tional profiles.  However, 

progress towards finding 

these genes is slow because 

the genetic predisposition 

involves a very great number 

of genes of small individual 

but large cumulative effect.  

Nevertheless such genome-

wide association is made 

possible by DNA microarrays 

(often called gene-chips) that 

can genotype as many as a 

million DNA markers inexpen-

sively.  Soon it will be rou-

tinely possible to analyse the 

entire genome. 

Genome-wide association:
SNP microarrays (chips)

Single-nucleotide 
polymorphism (SNP)


