
CHAPTER 2

SUPPLEMENTARY MATERIAL ON 
NEUROPSYCHOLOGY

Material related to cognitive neuroscience

Introduction

This section aims to give you a flavour of the emerging discipline of cognitive  
neuroscience, what it involves, what it aims to do, what it has achieved and its poten-
tial for contributing to our understanding of teaching and learning in the future.

Neuroscience is a relatively new discipline encompassing neurology, psychology 
and biology. Neuroimaging measures electrical changes in the brain when someone 
is thinking. This is deepening our understanding of very complex processes under-
pinning speech and language, thinking and reasoning, reading and mathematics 
and will, with time, help us identify and analyse successful pedagogy, to design 
educational curricula and explore the processes of teaching and learning.

Cognitive neuroscience may make possible the early identification of special 
needs and assess the delivery of education for special needs, compare the effects 
of different kinds of educational input on learning and lead to an increased under-
standing of individual differences in learners. However, it is important to be aware 



that current brain science technologies complement rather than replace traditional 
methods of enquiry. Further information about neuroscience in education can be 
found at the University of Cambridge, Faculty of Education, Centre for Neuroscience 
in Education, www.educ.cam.ac.uk/centres/neuroscience. Neuroscience uses a 
variety of techniques, such as event related potentials (ERPs) to measure changes 
in children’s brain activity. ERPS are tiny variations in electricity measurable from 
the scalp to monitor timing in brain activity and interactions among mental pro-
cesses, when someone is thinking or processing information. Further, fMRI (func-
tional magnetic resonance imaging), which is being increasingly used with children, 
makes it possible to study the location of activity in different parts of the brain. 
However, such techniques only show us the biological changes taking place in the 
brain. (We cannot ‘see thinking’.) So we need a psychological model to help us to 
relate the biological processes to the thinking processes.

In 2000 Uta Frith and Sarah-Jayne Blakemore reviewed the neuroscientific find-
ings which might be of use to education as a first step to defining interdisciplinary 
research areas of collaboration with educationalists (Teaching and Learning 
Research Programme [TLRP] directed by Andrew Pollard). In 1999 an international 
project on Learning Sciences and Brain Research was also launched at the Centre 
for Educational Research and Innovation (CERI) at the Organisation for Economic 
Cooperation and Development (OECD). This aimed to review the implications of 
recent brain research for policy. In 2002–2006, this project focused on literacy, 
numeracy and lifelong learning.

Possible implications for classroom practice

The implications of neuroscience research into the effects of learning for classroom 
practice are in their infancy but here are examples of some thought-provoking early 
findings.

Developmental disorders

Dyscalculia
This is a difficulty in understanding simple number concepts and problems in learn-
ing number facts and procedures. Tests for dyscalculia do not rely on a child’s 
educational experience as standardised arithmetic tests do, but on, for example, 
measuring the time taken to count objects or to order numbers. Neuroscience sug-
gests that dyscalculia is caused by abnormalities in the parietal lobe. It seems that 
formal mathematics relies on our ability to understand rules and procedures, linked 



to language abilities. However, a different part of the brain, connected with a more 
ancient ability shared with animals enables us, from six months, to differentiate 
between large and small numbers of items. This may underpin our ability to for-
mally grasp exact differences and procedures. Dyscalculia may be linked to these 
premathematical abilities. Insights from brain imaging research are already leading 
to interventions into how we develop our mathematical ability.

Other studies have found that calculation abilities appear to be related to non-
numerical skills including visual-spatial cognition and language. A deeper under-
standing of the inter-play between numerical and spatial cognition will probably 
influence teaching methods in the future.

Mathematics and memory
‘Working memory’ refers to our capacity to hold a limited set of information in our 
attention while we are processing it. Neuroscience makes brain activities while 
working on mathematical procedures visible. For example, when a group of adults 
started to learn long multiplication, the areas of the brain being used changed dur-
ing the calculation. At first, the area associated with working memory was used as 
students explicitly followed the processes they were learning but after practice this 
activity was replaced by activity in another brain area as processes became more 
automatic. This finding resonates with classroom observations of the difficulties 
learners have when faced with new problems. In this case, it is helpful for pupils 
to ‘show their working’ as this lessens the demand made on working memory. 
Understanding the processes involved in new learning in a subject may help us to 
develop new approaches in other subjects.

Dyslexia
Dyslexic children typically have phonological deficits (the ability to recognise and 
manipulate component sounds in words) which predicts reading acquisition. 
Phonological awareness appears to be focused in the same part of the brain as the 
part which supports letter-to-sound recoding and is implicated in spelling disorders. 
Dyslexic children show reduced brain activity in this area, for example when decid-
ing whether different letters rhyme. Targeted reading remediation increases activity 
in this area. Recordings of event-related magnetic fields (MEG) in dyslexic children 
suggest that there is atypical organisation of the right hemisphere. ERPs also suggest 
that the phonological system of a dyslexic child is immature rather than deviant.

Creativity and drama
A study with trainee teachers showed that producing a story that includes the words 
‘dolphin’, ‘jewel’ and ‘print’ produced more activity in the areas of the brain associ-
ated with creative effort than ‘artist’, ‘brushes’ and ‘paint’. The stories using the 



unconnected words were judged better than the second set of words. The teacher 
trainers and students then considered implications for classroom practice. This is a 
good example of collaboration between neuroscience, psychology and education.

Beware of ‘neuromyths’

Scientific findings can easily be translated into misinformation. Here are some 
examples:

Left brain/right brain differences

There is some hemispheric specialisation. For example, aspects of language pro-
cessing generally take part in the left hemisphere. But there are massive cross-
hemisphere connections and both hemispheres work together in every cognitive 
task so far explored with neuro-imaging.

‘Brain Gym’

This suggests that neural mechanisms can be influenced by specific physical exer-
cises. For example, if children put pressure on their ‘brain buttons’ between their 
first and second ribs, they can re-establish the brain organisation required for read-
ing and writing. Or ‘cross crawl’, promoted to activate left/right brain function. 
These exercises may appear to work, but if so we need to know how and why.

Conclusion

It is important to be aware of developments in neuroscience and of their implications 
for education, teachers and pedagogical research. But it is also important to remem-
ber that many factors influence successful learning. These include teachers, the cur-
riculum, the school, families, homes and communities. This will always be true.

Additional reflective task

In groups or individually, decide on a metaphor for a school, which reflects 
your philosophy of education (e.g. a school is a department store). Develop the 
metaphor as a concept map or spidergram. Share and discuss your metaphors.



Websites

Cambridge Centre for Neuroscience in Education: http://www.educ.cam.ac.uk/
centres/ neuroscience/

Neuroscience and Education: Issues and Opportunities – A Commentary, the Teaching, 
Learning and Research programme: http://www.tlrp.org/pub/documents/Neuro 
science% Commentary

Online links referenced in the web materials or in Chapter 2

www.emtech.net/learning_theories.htm 
www.learning-theories.com/
These sites offer extensive links to a variety of learning theory websites.

Further reading 

Carr, W. (ed.) (2005) The RoutledgeFalmer Reader in Philosophy of Education. 
London: Routledge.

This discusses what is meant by the philosophy of education and what it tries to 
achieve, provides some understanding of the kinds of questions that constitute cur-
rent philosophy of education and how these questions are being addressed by 
leading educational philosophers.

Curran, R. (ed.) (2007) Philosophy of Education: An Anthology. Oxford: Blackwell.
This is an excellent collection of readings on fundamental questions of educational 
practice and policy and current debates about education, which underpin 
Professional Studies in Primary Education.

Daniels, H. and Edwards, A. (2003) in The RoutledgeFalmer Reader in Psychology of 
Education. London: Routledge.

Davies, I., Gregory, I. and McGuinn, N. (2002) Key Debates in Education. London: 
Continuum.

This gives case studies which illustrate debate about current issues between educa-
tional philosophers, aiming to include readers in the debates.

Flavell, J. (1963) The Developmental Psychology of Jean Piaget. Princeton, NJ, 
Toronto and London: D. Van Nostrand.

This is an excellent synopsis of the work of Jean Piaget.



O’Connor, D.J. (1957) An Introduction to the Philosophy of Education. London: 
Routledge and Kegan Paul.

This is a short classic, illustrating the philosophy of education of the 1950s and 
examining the links between philosophy and theory.

Journal articles

Several studies (e.g. Kirk and Wall 2010) have explored ways in which teachers 
have negotiated the radical changes in the profession in recent years through the 
notion of ‘teacher resilience’. Teachers have attempted to retain the characteristics 
of caring, vocation and ‘child-centredness’ in primary education which were devel-
oped by academics and practitioners as the most effective way to educate children, 
following the Plowden Report (1967) and which have been gradually eroded since 
the 1980s by political policy initiatives from central government, which profoundly 
contradicted established ways of working: an emphasis on valuing teachers based 
on ‘competencies’; an insistent emphasis on quantitative measurement of results 
for teachers and pupils; and the increasing bureaucratic and commodified nature 
of education.

Kirk, J. and Wall, C. (2010) ‘Resilience and loss in work identities: a narrative analy-
sis of some retired teachers’ work–life histories’, British Educational Research 
Journal 36(4): 627–41.

Other studies (Swann et al. 2010) have explored what teachers understand by their 
professionalism, their philosophy of education. They suggest that, while coherent 
thinking about the work of teachers is clearly desirable, teachers’ professionalism 
should not be and is not a simple, unitary concept but overlaps concepts of diversity 
and complexity.

They have found that expertise is not simply based on knowledge of educational 
theory, but on theoretical knowledge applied to practice and reflection on that 
practice. Recent prescription of the content, organisation and processes of teaching 
and learning and political vision of what works for all children and teachers rather 
than teachers’ own enquiry into their practice has treated theory as definite and 
conclusive rather than provisional and cumulative. Reforms have shut down the 
spaces in which teachers can think for themselves, to theorise and generate their 
own practice.



Swann, M., McIntyre, D., Pell, T., Hargreaves, L. and Cunningham, M. (2010) 
‘Teachers’ conceptions of teacher professionalism in England in 2003 and 2006’, 
British Educational Research Journal 36(4): 549–71.
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