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In troduction  

 

 

Classroom practice should always have a firm and respectable intellectual basis. 

 

(Waterland 1988 p. 10) 

 

 
If we are to keep company for a while it behoves me to tell you something of my self, and of the genesis and 

purpose of this book. The books of this nature that I like best usually seem to me to have been written to 

answer their authorsô own questions. Thus it is with this one. In it I answer the fundamental questions I had 

when I first began as a youthful volunteer, but I also ruminate about some of the more controversial ones I 

grapple with now, as a much greyer one.  

  

I come from the world of adult literacy and inevitably show some bias in that direction. This does not mean 

that what I write applies only to adult literacy. Literacy is literacy at whatever age it is to be learned and there 

are thoughts and ideas for every teacher here. Indeed I believe you will find the journey both more human and 

more enlightening precisely because my bias shows. 

 

The whole project arises from my own ignorance (steadily, if slowly, becoming less absolute) about why? 

Why do we use the methods we do? Why are there so many of them? Why are they so various? Whose idea 

are they anyway? Why do some feel good while others do not? Why do apparently contradictory methods 

often work equally well? Why do some succeed when others fail? Why is some stuff remembered but some 

forgotten? Why does some method engage and excite but some intimidate or repel? How do we read and why 

should we spell? Can there really be different styles of learning? Why do such passionate, even virulent, 

debates reverberate year on year in what ought to be a quiet backwater of science? Why donôt we all agree, 

after all this time and after so much battle? Is resolution to be found and, if so, where? Can you really be 

specifically literacy-disabled - can you really be ódyslexicô?   

 

I started teaching literacy in the nineteen seventies, in what was uncompromisingly called Adult Literacy. I 

found, almost at once, that my profound ignorance of any of the theory behind literacy acquisition and 

performance was a very concrete handicap indeed. If I hadnôt a clue, say, how spelling was actually managed 

in the mind (and indeed I had not) how could I tell what was or wasnôt good method? How should I ever 

develop? How might I progress from the oddly stultifying, sometimes bizarre and often frankly unsuccessful 

little collection of teaching ideas I had been given? When a method failed, why was that? How could I do 

better? What could I do differently, assuming I didnôt want endlessly to repeat those lessons I had been given 

at my ótrainingô? What was success? How would I recognise it? Why was there so much failure? Why did 

students recall so little? Why was progress so slow? Why could students not perform in óreal lifeô, as well as 

they seemed to in the classroom? (And see Abadzi 1994, Brooks et al 2001, Charnley & Jones 1981, 

Kambouri & Francis 1994, Sheehan-Holt & Smith 2000 for some further discussion of the effectiveness, or 

frequently ineffectiveness, of our tuition at that time.) 

 

The original purpose of all this was simply to examine the concept of dyslexia appropriately. However, in 

order to do this properly, we need to understand a great many other ideas first. Hence the first three chapters 

of this essay. The other ideas we will look into en route are also fundamentally important to teaching and 

learning. This is why I make no apology for the distance we will  travel before reaching our final goal - this 

and the fact that the route takes us over a lot of deeply interesting ground which is rewarding in itself. 

 

I will lay my cards face up right from the start. My own experience, thinking and study and my own research 

have all convinced me that developmental dyslexia (at least as presently conceived) probably doesnôt exist. I 

very, very, very much regret that this observation will instantly enrage some of you. Perhaps you will feel that 

I am denying that there are people who have unusual difficulty acquiring and using literacy. Perhaps you will 

feel that I am denying that such people need, and should have, extra and appropriate help. I can only say that 

neither of these is remotely true and respectfully ask that you read further before making your judgement. If 

you can bring yourself to read this book with an open mind you will see why I think dyslexia may not exist 



and why, even although it is probably non-existent, I believe it causes such harm to its victims. I am not alone 

in my scepticism, either. A very substantial number, maybe even a quiet majority, of teachers of literacy 

privately doubt the reality of dyslexia. They must be silent, though. Most teachers are contracted to an 

educational institution. Dyslexia is recognised in UK law as a learning disability. All UK educational 

establishments are required to accept the reality of such disabilities, to screen for them and to have relevant 

remedial policies in place for dealing with them. None of their teaching staff is at liberty publicly to question 

dyslexia. Indeed they are required to do exactly the opposite. Itôs not a conspiracy, but it does bias the debate! 

 

If we are to understand dyslexia, and how to consider it critically, fairly, honestly and truthfully, we have first 

to understand the fundamental science underpinning literacy. (This is an absolute requirement which many 

writers do not satisfy.) This elementary foundation is what my early chapters are all about. They are about 

how the brain does it ï how does it read, write or spell? I begin with the basic, essential cognitive psychology 

of literacy without which there can be no real understanding of it. I explore how this discipline, so fascinating 

in itself, also enriches our thinking and our practice. There is some jargon ahead (as there must be) but only, I 

promise you, what is absolutely necessary and I explain it all in plain language as we go along. 

 

I appreciate that the very phrase ócognitive psychologyô is sufficient to cause many readers suddenly to decide 

to make a pizza, or a start on painting the bathroom, so I feel I must mount a deliberate defence of, and eulogy 

for, this marvellous subject. It goes like this: 

 

Be not afraid of a little cognitive psychology! It is much simpler, more fascinating and more empowering, and 

much more elegant, than you may think. Your mind does a plethora of things, and it does them all the time - it 

is doing many things óyouô donôt know about right now. It is tracking your position in space and maintaining 

it; it is tracking your physiological status and maintaining that; it is tracking your immediate environment and 

what is taking place in it and will alert you immediately to any important change; as well as reading this 

sentence it may be simultaneously (but secretly) ruminating about all sorts of other stuff relating to other 

aspects of your life. Unless something urgent arises among all this you may never know anything of any of it. 

Your mind is a fantastic device doing fantastic things, but it does almost all its work in secret obscurity. This 

is why we understand it so little and why we underestimate its profound quality so.  

 

Cognitive psychology is a rather young science. It is the study of how your mind does all those complicated 

things we presently regard, in our ignorance, as simple - things like instantly recognising people, breeds of 

dog, makes of car or words on the page; understanding speech or text; speaking or writing; remembering 

shopping lists, birthdays, smells, melodies, the names of footballers, film stars or philosophers; walking and 

chewing gum at the same time; making pizza or painting the bathroom.  

 

Whatever you do, your brain will have driven the process. No brain, no process. (The phrase óno brainerô 

shows how we undervalue this superlative organ! Until you are dead, everything is precisely a brainer. The 

thing is everywhere and responsible for everything.) It must be admitted, though, that your mind is mysterious 

and obscure. It is easily overlooked because its processes are almost always modestly unconscious. You 

neither notice these activities, nor, frankly, do you appreciate them. You just accept their discreet competence 

and magical reliability. You correspondingly seldom see all this as the tour de force it really is. I was about to 

say ómind boggling tour de forceô but of course your mind was not boggled at all. It almost never is. Your 

mind is modest, but miraculous. It is constantly deluged, at high speed, with uncountable volumes of detail, 

some of which will prove important but much of which is either trivial or actually irrelevant. This flood of 

information has to be absorbed, filtered, analysed, considered, prioritised, mixed and matched or discarded 

before even the simplest perception or decision can be plucked from it. Your brain is literally fabulous. You 

do these unimaginably complex things all the time, without effort and without even noticing, never mind 

understanding how. This is truly magical. Cognitive psychology is magical too, though. It unpicks one sort of 

magic, that of awed ignorance, but replaces it with another, and better, magic, that of awed understanding. 

The awe remains.  

 

How is cognitive psychology different from what we usually mean by ópsychologyô? Cognitive psychology 

deals óonlyô with the normal brainôs everyday activities as it manages the everyday. It does not speculate 

about our relationship with mother, ask us to interpret ink blots, free associate or invoke ego, superego or id. 

Cognitive psychology is less and more than this. It is the study of the óhow does it do that?ô question; the 



mechanics of mind. In our present context it deals with questions like: How do we read? Do we read letters or 

whole words? Do we read visually, or do we read sound? How do we recall spellings? How do we learn them 

in the first place? Do we use rules? What else could we use? 

 

The processes of mind, though, are infuriatingly surreptitious. We canôt see into mind, or talk to it. It is 

implacably inscrutable. Frustrated psychologists sometimes talk of it as a óblack boxô, as a result. Some 

fascinatingly cunning ways have been devised to reveal, or at least allow us to infer, its otherwise invisible 

procedures, nonetheless. Many of these experiments will have you smiling at their beautiful ingenuity. 

Cognitive psychology can reveal, has revealed and will continue to reveal the inspiringly elegant and 

practically empowering nuts and bolts of literacy management in our unbelievable minds. This may need 

labouring in todayôs climate (and is why I am doing so here). There are people who abhor cognitive 

psychology and would wish to avert their gaze from it altogether. (Some of my best friends do this.) It is, they 

say, mechanistic and reductionist. ñWhereò they cry ñis the real student in all this?ò 

 

I make the following reply:  

 

First, it is a matter of level. We function on many different levels. They are not, though, mutually exclusive. 

We have personality, individuality, quirks and traits, beautiful (or ugly) thoughts, dreams, passions, 

principles, ideas and ideals and all the rest of it. We enjoy and we suffer. We love. Of course we do. However, 

on another level, all thought, learning, performance or understanding is, whether we like it or not, managed by 

a mechanism. Our marvellous minds exist only because of our brilliant brains. Our brain is a wonderful 

mechanism but it is still indisputably a mechanism. The most ethereal thought in your mind is also a particular 

pattern of connections, microvoltages and other ill -understood but vaguely chemical/electrical goings-on in 

the brain. How could it be otherwise? It is perfectly proper, therefore, indeed it is surely fascinating and 

inspiring, to consider the mind and brain at this level.  

 

It would be as ridiculous, even irresponsible, to avoid the study of cognitive psychology when considering 

cognition - when examining literacy, for example - as it would be deliberately to ignore the mechanical truths 

of the motor car when maintaining one. Nor, of course, does an understanding of these mechanical truths 

detract from the appreciation of aesthetics. Understanding how a car functions may be demanding but it is a 

fundamental necessity if you wish to work on one. It is, though, much more than this - it also intensifies and 

amplifies your delight in the beauty of design and the cunning of function; increases your enjoyment of the 

motor car. So it is also with the mind. Cognitive psychology enhances respect for, and delight in, the mind 

and its miraculous abilities, heightens our aesthetic appreciation of mind and its astounding capacities. 

 

Secondly, a basic understanding of the cognitive psychology which underlies literacy is profoundly enabling. 

It empowers and emancipates. It liberates us from blind dependency on all those pre-digested methods 

prescribed elsewhere, by someone else, for no one in particular. The motor mechanic who understands 

engineering will be a better and happier mechanic than he who does not. In exactly the same way, the teacher 

who understands something of cognitive psychology will see more clearly what is really going on, why and 

how. This happy teacher will be able to criticise constructively and to move forward independently, with the 

confidence of firm ground under the feet; will be able to build and adapt, evolve and grow. 

 

Although cognitive psychology is so fascinating, and so fundamental to the understanding of literacy, there is 

beginning to be more mature debate as to exactly how sensible it is (or probably isnôt) to separate it from the 

consideration of affect (emotions, moods, attitudes, motivations). The powerful influence of affect on 

cognitive performance goes largely unrecognised and unexplored. The effects of affect on literacy are grossly 

under-estimated and under-researched. I therefore explore affect in this book, at least insofar as it affects 

literacy and the dyslexia issue. I believe it is soon going to be a much more prominent concern to 

educationalists of all stripes than it is now, both theoretically and practically. I believe it profoundly and 

importantly influences literacy acquisition and performance but that its negative effects can be mitigated and 

managed and positive affect can be deliberately stimulated and harnessed. I fumble towards a theoretical 

explanation of all this. 

 

It may be helpful to consider the layout of the book and how it may be used. The first two chapters deal with 

the psychology we need to think about literacy in nitty-gritty, cognitive terms. They tell of the basic 



architecture of the brain and its basic operating procedures - fundamental processes with resounding names 

like spreading activation, association, top-down & bottom-up processing, cascading feature analysis. After the 

austerity of these two chapters, and based absolutely upon them, the book moves out into the world of 

practical literacy. Precisely because we have understood our cognitive psychology, we can begin to have 

some instructive fun as we consider our practice. We can root about among some of the most controversial 

ideas of the day and we can peer at possible futures. We will, finally, be in a position to take a properly 

informed and responsible look at dyslexia, the arguments around which involve so many different 

perspectives and demand such frank thinking.  

 

Much of the book is taken up with chapter notes. This is intended to remove some of the drier, educationally 

relevant but, in this context, more peripheral, issues from the core text so that you may read on through the 

main narrative or plunge into greater detail or wider interest to suit time and taste.  

 

I am confident about most of the material in my book, but some is more speculative. The first part of the book 

is about the basic cognitive psychology which matters to the literacy teacher. This is stuff around which there 

is consensus - it is mostly not controversial. It is entertaining, however, and can be very fruitful, to speculate 

about controversial topics and I go on to do some of this. These exploratory, and sometimes polemical and 

iconoclastic, adventures are intended to stimulate thought and promote curiosity.  

 

For example, I repudiate the learning and applying of spelling rules; I take a few tentative steps into the 

upcoming and important debate around our conscious - the usefulness, or otherwise, of it or the unconscious 

to literacy; I seek to raise the profile of affect as a prime cause (as well as a prime complication) of literacy 

difficulties, especially apparently odd literacy difficulties; I denounce óspellismô and urge us all to relax rather 

than reform; I discuss attribution theory, maladaptive attributions and learned helplessness, which I believe 

powerfully affect both students and teachers, perhaps especially of literacy. Finally, I look long and 

sceptically at developmental dyslexia, a diagnosis of which I believe functions, in the real world, as a 

maladaptive attribution inducing learned helplessness in teacher and taught alike, despite dyslexia being itself 

unreal. I hope you will enjoy these arguments, and take something from them, even if you do not always 

accept my conclusions. If I had to say in a single sentence what I felt this book was intended to do I would say 

that it is to stimulate thought, to bolster scepticism and to offer different viewpoints. I hope you will be able to 

develop some of the ideas in this book further than I have. These are exciting times and there is much to play 

for. I hope I have indicated where, and how, some of the games will be played and I hope this book awakens 

some interest in playing them yourself. 

 

The reader will soon note that I usually refer to students, where I do, in the masculine. Most people I have 

taught have been. There is no gender-free substitute and I find óhe or sheô tedious. I shall duck the issue 

altogether by claiming a convention. The reader will also note that I seem to have a particular someone in 

mind as I write. This virtual reader is ghostly and insubstantial, even to me, but she does at least have a 

gender. She is addressed, wherever she is addressed, in the feminine. This is not intended to infuriate anyone 

(of either gender) and will not, I hope, do so. I like to think there is nothing sinister behind this decision of my 

unconscious ï perhaps it is because most teachers of literacy are, it seems to me delightfully, female. I 

continue, incidentally, to have a great deal of support and encouragement from many such people, a fact I 

should like loudly to record somewhere. This seems as good a place as any. I am very grateful indeed for it 

and to them. 

 

 

 

 

 

 

 

 

 

 

 

 



 

Chapter One  
 

Some basic neurology. 

 
In which the reader considers both her brains, some neuro-anatomy, 

some fundamental processes of mind (such as association and  

spreading activation) and goes to Wimbledon. 

 

It is a hard thing to have to admit, but when I was first introduced to adult literacy teaching the following 

quote applied, in spades. Literacy tuition provision for adults, in the 1970s and 1980s, was: 

 

é a practically random pairing of complete strangers, frequently from very  

different social backgrounds, brought together to conduct an intimate and  

technically difficult transfer of skills often on the basis of little more than 

shared optimism. (Levine 1986 p. 95) 

 

The little batch of new volunteer tutors, of which I was one, was given training: Twelve hours of practical tips 

and exhortations and a pile of cryptic handouts and strangely specific worksheets. We were then considered 

ready for student allocation and off we went, working, in those allegedly innocent days, in disconcerting 

seclusion, one to one, often in studentôs or tutorôs homes. Nobody understood much about literacy or its 

acquisition, but nobody seemed particularly bothered either. The atmosphere was relentlessly optimistic, 

perhaps because there was so little assessment or understanding of our work. At the same time, though, it was 

felt that literacy was so complex as to be almost insuperable; a Byzantine labyrinth of incompletely 

understood, rule-based skills and sub-skills which were to be learned individually, overtly and in isolation 

from any other aspect of literacy, through endless performance of eccentric and often rather infantile exercises 

which were labour intensive for the tutor and repetitive for the student. The meaning of much of what we did 

was difficult to discern. Perhaps because the transmission of real, autonomous, confidently useable literacy 

was felt to be unlikely the endeavour was sold to us mainly as a generally supportive, if patronising, social 

activity; as a Jolly Kind Thing To Do, and not much else. The technical outcomes of tuition were blurred and 

unregarded. Absurdities, often requiring scissors, coloured paper and glue, multiplied. It was the golden age 

for tutor autonomy and many and extraordinary were the things done in the name of literacy while it lasted.  

 

We struggled on (and on and on), sometimes for years, the same tutors with the same students in much the 

same state, slowly toppling into the long grass by the wayside. We tutors, so obviously lacking óa firm and 

respectable intellectual basisô (Waterland 1988 p. 10), were suckers for all those bizarre schemes and 

worksheets continually drilling such peculiarities as homographs or homophones, consonant blends or vowel 

digraphs, cloze exercises or phonological segmentation drills, continually seeking for succulent ways to 

present the same dry and tasteless thing. A singularly torpid pace, curiously forgettable material and an almost 

perverse inability to use anything apparently learned in class when out in the real world became accepted as 

inevitable and thus tolerable. Except, of course, that they are not.  

 

We need the aforementioned ófirm and respectable intellectual baseô beneath our feet if we are to pull 

ourselves free from such a condition. This intellectual base, in our present context, must include cognitive 

psychology - an understanding of the basic layout of, and procedures in, the brain, which is where itôs all 

done. Without it we cannot understand literacy. I will therefore begin this book with a theoretical 

consideration of the cognitive psychology which enables reading and writing. This theory is beautiful, 

fascinating, exciting, eye-opening and liberating stuff, something to look forward to. It is the indispensable 

foundation of our óintellectual baseô. It is, for the thoughtful teacher, affirming and enabling. If you have read 

this far you already qualify as a thoughtful teacher. Perhaps, like me, you are convinced it can be better done 

and fascinated as to why it sometimes is and sometimes isnôt. In the words of one tutor óWhy does she spell 

ópeopleô correctly?ô (Charnley and Jones 1981 p. 46).  Itôs a fine question. 

 

The home of literacy is in the mind, and our mind is constructed for us in, and by, our brain. To understand 

literacy, and dyslexia, therefore, we need to understand how the literate brain does such things. This is 



cognitive psychology; the study of how normal brains do normal things. It is a fascinating pursuit of deeply 

mysterious procedures. It is our last frontier. The brain is extraordinarily swift and extraordinarily efficient 

but it is a profoundly reticent organ. Its processes and procedures are held secret from us. It carries out almost 

all its work in the maddeningly clandestine unconscious. Psychologists talk about the óblack boxô paradigm. 

They mean by this that they see the brain as inscrutable; a black box we cannot open. Sometimes we are fairly 

certain more or less what information has gone into the box and, if we look intelligently enough, we can 

sometimes see reasonably accurately what comes out (a behaviour or decision perhaps). If we devise cunning 

experimental circumstances we can sometimes infer what processes probably took place in the box, but such 

inference is the closest we can presently get to a direct view. (Priming is a lovely example of such 

experimental method, and see the notes to chapter three). Inside the black box, of course, is our unconscious, 

a wonderful and infuriating mystery utterly hidden from our gaze. This is where cognitive psychology 

happens, and the things it can do are spectacular.  

 

Consider Wimbledon. Our hero serves. His ball crosses the net at around 100 mph. We mortals call this sort 

of thing too fast to think about but, of course, thatôs exactly what our hero has to do, because a return is 

coming back almost as fast as his serve. Our boy has a number of quick decisions to make. These will be 

based on learned information and recent experience. He has intensively studied the behaviour of tennis balls 

on tennis rackets and on grass courts in many situations and conditions. He has learned how to move and 

control his own body on a tennis court. He has learned to see very particular things, and to analyse what he 

sees at high speed. He has learned much about his opponent during this and previous matches. He has planned 

and observed his own last service. He has also observed, with very experienced eyes, his opponentôs body and 

racket address and movements, and those of the ball. In the light of all this he has assessed the trajectory, 

speed, height and spin of the return ball and its likely behaviour if it hits the grass. He is, though, still 

following through from his service. He must manage his own immediate behaviour instantaneously and in 

several respects. He has to close his follow through movements appropriately and set in train another complex 

of movements covering his entire body and, very specifically, his racket arm. He must, of course, follow the 

ball intently with his eyes and mind, precisely and continually monitoring its behaviour, while doing all this.  

 

At the same time, however, our boy must also be acutely aware of his opponentôs behaviour. He studies and 

strategically analyses the body language displayed on the other side of the net. What does it tell him about the 

content of his opponentôs mind, where and how he expects the ball to come back, what he expects to happen 

next and how he will deal with it when it does? Our boy will only finalise the striking of his ball once he has 

decided where it should best be placed, in view of all the foregoing, such as to cause his opponent maximum 

difficulty in retrieving it. And all this mental computation must continue apace immediately after the strike as 

a flexible position close to the net must be swiftly taken up just in case his opponent does scrape a return.  

 

Our hero smoothly executes all this coordinated perception, analysis and action and successfully (I feel he 

will be champion this year) strikes the ball soundly beyond the possibility of return. While all this has been 

going on, though, he may also have been considering long-term strategy: is his opponent getting nervous? Is 

he poorer today at baseline return than net play? Is his backhand particularly vulnerable today? Our hero may 

even have had time to wish that the overwrought but underdressed lady fan in the front row close to the 

service line and given to sudden screams of frenzied adoration, would go away and stay away.  

 

And our hero has no idea whatsoever how any of this has been done. What mechanics, what wiring structures, 

what arrangement of brain cells and connections, what processes and procedures, could possibly have 

achieved all this stunning cognition so rapidly, efficiently and well and almost entirely without, apparently, 

involving óhimô at any stage ï there having been no time for óconscious thoughtô? 

 

Literacy (at least as I practise it) certainly appears to be less spectacular than the above, but the reading, 

writing and spelling we all perform with such effortless speed and accuracy is not so much less remarkable in 

fact. These early chapters will consider our mental processes and procedures, and admire our mental 

capabilities, with literacy at the front of the mind, but first we must examine the amazing brain (or should that 

be brains?) in our head. 

 

 

 



Our nervous system. 

 

The basic layout of our nervous system is well known. Just about every part of our body is supplied with 

nerves. These either gather information for, or deliver instructions from, the brain at the top of the system. 

Inside the brain itself nerves connect copiously between different areas of it and pass impulses back and to 

within the brain. Nerve cells, or neurons, are what make up the system. A nerve cell has a body and from this 

body there arise numerous, and sometimes extremely long, protrusions. All nerve fibres, or nerves, are just 

such protrusions, or collections of such protrusions, of neuron cell bodies.  It is these fibres which carry 

nervous impulses around the system. They are the systemôs wiring. Nerve fibres within the brain usually end 

in connections with other neurons. These are very numerous. Every neuron in the brain makes hundreds, often 

thousands, of connections with other neurons in the brain. Every neuron in the brain receives hundreds, often 

thousands, of such connections from other neurons in the brain. The many connections each neuron makes or 

receives may be with, or from, neurons close by or far away across the brain.  

 

Since there are perhaps ten billion neurons in the cerebral cortex, each making perhaps a couple of thousand 

connections with other neurons, you can see that some deeply elaborate, even rococo, circuitry can be built, 

and built in vast amount too. (Actually, the number of neurons in your cerebral cortex, and the number of 

connections each may make, appear to vary according to the book you are reading at the time. I have just read 

a book telling me that there are a hundred billion neurons up there and that each may make ten thousand 

connections or more. Oh well é!) The point I am making is simply that, for practical purposes at any rate, 

your brain may be considered to be limitless in capacity. We should not be astonished by the man who speaks 

six languages; we should rather be surprised that we donôt all do this. Einsteinôs brain (wherever it has got to) 

was very similar, physically, to yours or mine.  

 

Some writers claim astounding things:  

 

In the human cortex there is an awesome number of neurons, approximately 

ten billion. But the astonishing figure is the number of connections in the 

cortex, about one million billion. To count one of these connections each  

second would take thirty two million years. Even more stunning than the 

number of connections is the way the connections can be combined. The 

number of combinations that can be formed from the number of connections  

in the cortex is many times greater than the number of positively charged 

particles in the known universe, a number so great that we cannot give it a 

meaningful name. (Greenfield 1995 pp. 83-84) 

 

Not only are connections between neurons numerous (to put it mildly), they can also be excitatory or 

inhibitory. An excitatory connection makes it much easier for a stimulus to pass; an inhibitory connection 

makes it more difficult . In other words the system can make óonô, óoffô and ódimmerô switch connections. The 

vast number of interconnections arising from, and impinging upon, every neuron in the brain and the fact that 

some of these are óonô, some óoffô and some variable ódimmerô switches are two salient points about the 

wiring of the brain for our present purposes. Another is the staggering interconnectedness of the thing ï 

everywhere seems to be connected to everywhere else, one way or another. Your brain is bogglingly 

enormous; an astoundingly massive organ. We were impressed by the pace, amount and quality of work it 

performed on the tennis court back there but we should no longer be flabbergasted. We have huge capacity 

and, because it is all so interconnected, we also have the ability to perform a multitude of tasks 

simultaneously. Indeed, we do this all the time, as a momentôs reflection will show. With the hardware we 

have at our disposal this is easy enough.  

 

Now we need a brief overview of the basic anatomy of the brain, some fundamental and applied 

neuroanatomy.  

 

We can think of our brain as in four main functional parts: the brainstem/midbrain complex, the forebrain, the 

cerebellum and the cerebral cortex. (Damasio 2000 and England and Wakeley 1991). The brainstem/midbrain 

complex (and it is complex) comprises ancient, relatively primitive structures which need not, as they say, 

detain us long. Perhaps, when we understand better how this complex fits with, and perhaps intimately 



influences, the óhigherô structures of our brains this last remark will seem flippant but in our present state of 

knowledge, and for our present purposes, we can content ourselves with saying that the midbrain/brainstem 

complex is a complicated interconnecting and switching system which sorts incoming information from the 

body and outgoing instruction to the body. It monitorôs the bodyôs major systems and coordinates most 

unconscious activity. It keeps us alive and physiologically controlled but it doesnôt do any thinking, or have 

any fun. We will consider it no further in this book. 

 

Immediately above this complex (depending a little, again, on who you read) the forebrain begins. There is a 

collection of anatomically and functionally distinct, but closely related, structures crouching deep within the 

brain which we are only just beginning to understand. These spooky structures make up the complex known 

as the limbic system in which I will include the basal ganglia, the caudate nucleus, the thalamus, the 

hippocampus, the amygdala and the putamen. They are each intimately and extensively associated with, and 

very copiously connected to, structures all over the óthinkingô cerebral cortex which wraps around them. They 

fundamentally, if as yet mysteriously, affect (perhaps even control) the activities in our cerebral cortex, at 

least in general terms. Itôs scary stuff. They seem to be, among other things, the anatomical seat of our 

emotions and they have a profound influence on memory and recall. They matter in the context of literacy as 

they may be the anatomical explanation for the profound influence that affect (emotion, mood, attitude) seems 

to have on the learning and performance of literacy. As a result of their extensive connections to the cerebral 

cortex they may be important to success or failure where these are mediated by affect, as they so often are. 

They are, therefore, implicated in the genesis of learned helplessness. They may also be important to, and 

may even control, the degree of arousal of the cortex and thus our motivation. These ancient structures have 

early access to information coming in from outside the brain, from sight and hearing for example but from 

other senses as well. In the light of this privileged knowledge they appear to mediate emotion and mood, 

appetites, drives and states of arousal across the entire cortex. They seem to oversee perception, especially 

perhaps emotional perception, and they seem to oversee general brain activity in response to these 

perceptions. All óhigherô cortical activity feeds back in some detail to these structures which monitor and 

regulate this activity as a result. Indeed information constantly reverberates from our cortex to these structures 

(particularly to the thalamus) and back again to the cortex, so that we are perhaps taking second (or multiple?) 

looks at many things. It is even possible that the origin of that final mystery, our consciousness, is exactly this 

reverberation or amplification of cortical activity (and see notes to chapter six).  

 

Things were neurologically simpler yesterday. Particular mental activities were, we thought, simply managed 

there, or there, or there. We imagined discrete areas of the brain doing discrete mental things in isolation, only 

needing to communicate with the rest of the brain in order to report in the results of their efforts. Today we 

increasingly recognise the more complex, holistic nature of the brain, the way in which everything seems to 

affect, or at the very least inform, everything else. We increasingly understand that many apparently barely 

related influences, particularly rather general, unconscious or emotional influences, bear on almost all mental 

activities, even apparently austere or intellectual, apparently conscious activities. We now realise that the 

intimate fingers of these ólowerô forebrain structures are to be found in mental pies all over the brain and at 

many different mental ólevelsô. We need to remember this when we talk about the cortex as if it were where 

everything óintelligentô goes on ï it probably isnôt as simple as that. Conscious thought is probably largely the 

province of the cortex but it is also probably heavily mediated, monitored and perhaps even actually 

controlled, by these ólowerô forebrain structures, especially the thalamus. There may be very specific mental 

organs all about the cortex but they probably donôt function in such isolation as we used to imagine and they 

are probably very much more affected by other areas of the brain, higher or lower than themselves. Indeed, in 

chapter seven I will be suggesting that we still do not grasp the real extent of these influences and their 

resulting importance to the educational process.  

 

In much the same vein, we have also to beware of our strongly over-simplifying, dualistic tendencies ï our 

splitting of one function of the mind (consciousness, thought perhaps) from another (feeling, emotion, the 

body itself maybe). There is probably no such mind/body separation in the brain ï there is probably only a 

mind/body whole (and, for some writers, there is only a mind/body/environment whole ï eg Gibson 1986). 

We can, at any rate, readily see that we tend carelessly to elevate our conscious intellect to the status of all-

powerful, central director of life, the universe and everything; the can-do mind to which all else is subordinate 

and from which all else is separate. We hugely exaggerate our conscious abilities thereby. Much more 

importantly for our educational purposes I believe, we shamefully underestimate our unconscious ones. (In 



my notes to chapter six I discuss the enigma of consciousness - possibly deeply important to literacy teaching. 

I offer some tentative words on ecological psychology in the notes to this one.) 

 

And finally, a peep at the cerebellum: this sits, looking a bit like a small cauliflower, tucked in behind and 

below our cerebral cortices. It has important functions in motor control, especially in the controlled 

performance of intensively-learned and automated movements like playing tennis, or the piano or driving the 

car. In our present state of knowledge the cerebellum is considered of minor importance to literacy, though it 

is very extensively linked with the óthinkingô cerebral cortex. This may have something to do with the 

apparently close involvement of motor memories, particularly pain, in some areas of óhigherô thought and 

perception. (Thelen 1995, Wall 1997 and notes to this chapter.) Some theorists (e.g. Nicholson and Fawcett 

1999) also claim that developmental dyslexia is caused by inherited defects in the cerebellum. I examine 

dyslexia in critical depth in chapter eight and refer you to this discussion for a critique of this peculiar claim. I 

will otherwise not talk much more about the cerebellum in this book as I believe it is peripheral to our 

purpose. Time will tell, of courseé 

 

For the purposes of this essay on the cognitive psychology of literacy (and perhaps a little wrongly, as you 

can see), we are now going to concentrate upon the óhigherô levels of the forebrain, the cerebral cortex. Here 

we have Hercule Poirotôs ólittle grey cellsô. Here, we still more or less believe, is the thinking equipment, the 

domain, probably, of the conscious, aware self ï whatever that means. Here, we still believe, is the 

management of higher-level information, the sorting, combining and re-combining of ideas, consciously or 

otherwise. This is probably where óweô live, intellectually at any rate; the place where all those debates as to 

who or what we are, whether God exists, what consciousness is all about, whether England will ever win the 

world cup again and where I last used the soldering iron actually go on. It is also where activities like literacy 

take place, at least in the main. This unbelievable cerebral cortex is a two metre square sheet of nerve cells, 

about half a centimetre thick, folded up all over the surface of the brain. It is what you see when you look at a 

brain, therefore, as in figure 1.1. 

 

 

 
 

 

Figure 1.1  The left brain seen from the side.  

 

Our Two Brains: 

 

The cortex is split; it is in two halves, the right brain and the left brain. The disconcerting truth is that every 

one of us has not one but two brains. Even more disconcerting is the fact that these two brains are not just two 

halves of the same thing, or two replica brains or two mirror images of each other. Our two brains are quite 

separate individuals with different capacities and abilities ï even different personalities. Your left and right 



brains have very different patterns of skills and see órealityô from correspondingly different points of view. 

What one brain does well and easily the other may hardly be able to do at all. However, these two brains are 

joined together by a wide, thick band of millions of nerve fibres known as the corpus callosum. Your brains 

communicate so swiftly, so completely and so intimately, via this corpus callosum, that you experience them 

as a single brain. Each of your brains is kept so instantly and fully informed as to what is going on in the other 

that we cannot tell them apart ï under normal conditions. However, very serious epilepsy was, at one time in 

the USA, treated by surgically cutting the corpus callosum, thereby suddenly isolating the brains from each 

other. The effect on the severity of the epilepsy was only sometimes improvement, but these ósplit brainô 

patients were soon recognised as remarkable psychological subjects in which each brain might be accessed 

separately from the other, if the experimental or investigative method used were ingenious enough. Work with 

these patients has provided much of what we now know about our two different minds. (See also Springer and 

Deutsch 1997 and notes to this chapter.)  

 

Somewhat simplistically, then, your left brain, your left cerebral hemisphere, is (almost always) the rather 

dry, logical, linear thinker. It is here that most nuts and bolts language management takes place, here that you 

mostly learn and deploy the skills of literacy. Your right brain (almost always) takes a more holistic view of 

the world, is more creative, perhaps, and a more lateral thinker. Your right brain is more óintoô the 

relationships between things than your left. Your right brain is probably better at hearing and enjoying the 

sounds of music or the beauties of art. It is as if you have two people in your skull neither of whom is a 

complete personality with a full complement of skills or characteristics. You can think of them as óLeeô and 

óRoyô. Lee is a scientific thinker and articulate talker who is invariably logical and, at least on straightforward 

matters of fact, usually boringly correct. Roy, on the other hand, is unscientific but interesting; much ócoolerô 

than Lee. He digs his music, easily understands an engineering drawing and enjoys modern art, though he 

doesnôt talk much about any of this. These two different personalities, however, communicate so constantly 

and completely that they have fooled you into seeing them as a single person - óLeroyô perhaps. Lee may be a 

boffin, or yuppie, and Roy may be an artist and hippie, but Leroy is a full and balanced personality as a result 

of their alliance. 

 

The only reason for discussing our two brains at all in this context is that it was once widely thought that 

literacy acquisition was related to brain and hand dominance. People talked about ócrossed lateralityô or 

ócerebral dominanceô, and still occasionally do. This was because we had discovered that the hand of one side 

is controlled by the brain of the other. (Your left hand is controlled by your right brain and vice versa.) Not 

only that, there is dominance; one cerebral hemisphere, usually your left, dominates the other and one hand, 

usually the right, dominates the other. Most of us are right handed, so we actually write with the hand which 

is controlled by the left hemisphere, where literacy is mainly dealt with. A left hander, though, is writing with 

the hand which is under the control of the less literate brain, and the non-dominant brain to boot. It was 

thought that this must result in literacy difficulties ï i.e. that left-handers would be more at risk of, say, 

dyslexia. None of this is regarded as true today. None of this, we now think, has anything whatsoever to do 

with literacy acquisition or performance, let alone dyslexia. Hemispheric dominance is irrelevant to our study, 

and so is handedness. I offer the discussion here merely as an item of historical interest and because you may 

come across references to crossed laterality or cerebral or hand dominance issues in odd or elderly corners of 

the literature. You may ignore these if you do.   

 

We shall shortly be attributing different aspects of literacy and language learning and management to rather 

highly specified areas of the brain. This may be slightly simplistic, as I have already confessed, but if we keep 

our provisos in mind it will still amount to a reasonably true and practically useable account. In order to make 

sure that we really do bear this oversimplification in mind, and proceed sufficiently humbly, let us remember 

phrenology. A little over 100 years ago phrenologists claimed that there were different óorgansô within the 

brain and that these could be felt as a series of bumps on the skull. They claimed there were, for example, 

organs of cautiousness, destructiveness, constructiveness, acquisitiveness, congugality and (my favourite) 

mirthfulness. After comprehensively feeling all the bumps on your skull a phrenologist would attribute 

characteristics and abilities to the mental organs beneath the bumps, and claim to understand your particular 

personality from the size of your bumps. This was a charming theory, but wrong of course. Today we are 

more empirical and the phrenologistôs organs have been replaced by Brodmannôs areas (e.g. England and 

Wakeley 1991). We scan, observe and experiment and we claim (and hope) that our theories are based on 



rigorous and empirical, neurological evidence. For humilityôs sake, though, I keep a facsimile phrenologistôs 

head right here on my desk. It keeps me sceptical, as is scientifically proper.  

 

Some of our most solid neuropsychological evidence comes from post mortem examinations, when clinical 

symptoms observed during life can be correlated with lesions in the brain found after death. (The first 

demonstrations of consistent and particular loss of function following damage to particular areas of the brain 

were language disorders in fact, namely Brocaôs and Wernickeôs aphasias. Hence Brocaôs and Wernickeôs 

areas.) Today we can, of course, X-ray and scan the living brain. We can visualise areas of activity and 

inactivity and we can visualise abnormalities such as lesions or tumours. Scans are very tempting. They tempt 

us to imagine we can directly see brain processes. Scanners provide such dramatic and colourful pictures and 

cost such impressive amounts of money. Their evidence must be taken with at least a pinch of salt, 

nonetheless. They show clinical lesions and abnormalities extraordinarily well, but revealing physical 

structure is very different to demonstrating brain processes. A scan is still far too blunt an instrument with 

which to study the processes of such a fabulously subtle, complex (and still so little understood) organ. We 

cannot photograph, for example, love, or literacy. Way too much is often claimed for those gorgeous and 

satisfyingly high tech. and pricey pictures.  

 

Away from the clinical arena, cognitive psychologists experiment and observe. Cleverly devised experiments 

manipulate circumstances and input. Output is observed and cunningly interpreted. Inferences are made as to 

the processes which must have been taking place inside the impenetrable black box if such and such an input 

produced such and such an output in such and such a circumstance. (Priming is an entertaining example of 

exactly such experimentation and is discussed in notes to chapter three.) We can also, though, simply observe 

the mind in action and make inferences from its behaviour. Errors of speech, for example, can reveal process. 

We might say óThis writing is borerô for óThis writer is boringô. The óingô and óerô have been switched. They 

are both morphemes. (A morpheme is the smallest meaningful unit of language ï in this example óingô and 

óerô are morphemes, as are ówriteô and óboreô.) We usually make this kind of error (a Spoonerism), when we 

do, with entire morphemes, not with smaller units. The smallest unit we switch is normally a whole 

morpheme. This tells us that we probably store morphemes separately in our heads as whole morphemes (in 

this instance that óingô and óerô are held separate from ówriteô and óboreô), and that we retrieve them separately 

and first put them together (concatenate them) at a fairly late stage of speech assembly. (I told you cognitive 

psychology was fun. Much more charm than phrenology. And where else will you get the chance to use 

words like concatenate?) 

 

Much of what I am about to say is anatomically true, so far as it goes, but is also probably a little simplistic, 

as already admitted. We should remember that the activities of the cerebral cortex, literacy included, are 

affected, probably very powerfully, by limbic system and thalamus, in ways which are unclear as yet. We 

need also to remember that most of our cortex is uncommitted association cortex, rather than being innately 

pre-programmed to do something specific. That is, most of our cortex is general, uncommitted ability looking 

for something ï anything ï to learn. We can learn Urdu or Mandarin Chinese, IT skills or macramé, scuba 

diving or car maintenance, the history of Egypt or flower arranging (and, of course, we can learn all of these 

and more ï the sky appears to be the limit). In other words very little of our cortex is earmarked in advance 

for anything in particular; instead, it is eager to cope with just about anything that turns up. We are 

omnivorous, practically limitless learners of whatever does. 

 

 

Microstructure and Wiring: (Howôs it done?) 



 
 

 

Figure 1.2.  A cross section of the brain. 

 

1 = brain stem,  2 = corpus callosum,  3 = cerebellum,  4 = white matter,  5 = grey matter,  6 = thalamus 

 

If you examine the cerebral cortex you find it is in two areas. Inside the cortex is a white area, the white 

matter, wrapped around those central structures such as the limbic system and thalamus (and see figure 1.2). 

This white matter is simply billions of nerve fibres criss-crossing the system, connecting everything to 

everything else as we have already seen. On the outer edge of the cortex, though, is a grey zone, the grey 

matter, made up of neuron cell bodies, the ólittle grey cellsô. If you placed a section of this grey matter under a 

microscope you would see that it is a layer about 110 cells thick, on average. You would see that these cells 

tend to be arranged in columns. Each column is thus an arrangement of about 110 cells in a line and it is 

thought that it probably functions as a unit which analyses a single detail of information. Each column of 

cells, perhaps, óthinks aboutô ï processes information about ï a single detail. These columns of cells seem 

themselves to be arranged into microscopic modules, each module comprising many columns and each 

responsible, perhaps, for processing related information - thinking about a single subject. Let us use voice 

recognition as an example. We recognise people by voice alone, so there must be a óvoice bankô in there 

somewhere. Perhaps it is a module. Perhaps each column of cells in this module is responsible for monitoring 

incoming voices over a narrow range of frequencies, and a module of several such columns, each dealing with 

slightly different frequency ranges, will be able to óread outô the frequency distributions of any voice heard. 

This could be said to be our phase one voice bank, our voice recognition phase one.  

 

Remember, though, that every neuron may make thousands of connections with, and receive thousands of 

connections from, other cells, in other columns, nearby or far away. Some will connect with closely related 

columns in modules dealing with closely related information, but others will connect with distantly related 

columns in modules dealing with distantly related information or ideas. Remember, also, that some are 

excitatory óon switchô connections while others are inhibitory óoff switchô connections. Remember also that I 

have only completed phase one of my voice recognition. I have a read-out of the frequencies, but no real-

world meaning for this data. The frequency pattern data recognised in my voice bank in phase one must be 

interpreted, given meaning against the real world, in another association area - an area in which I may 

associate voice read-out data with personal ID. Here, I may associate (cross-reference) the frequency 

characteristics of voices with the identity of persons ï I may recognise actual people by voice, in short. 

Exciting the neurons relating to a particular person in this area will, of course, tend to send impulses racing 

away down the neuron cell protrusions from their ID module and some of these will excite appropriate cells in 

the areas where physical data about people is held, and so a mental picture of the person may also be formed. 



Neuron connections will also, and inevitably, spread activation to areas where all the other data about the 

person is managed ï their place in my life, the world and so on. And so on. And so on. (And see a discussion 

of pattern associators in the notes to chapter two.) 

 

Supposing, then, that I know that my Danish wife and our son are both home and a voice calls to me. My 

voice recognition modules burst into action. They detect a characteristic pattern of higher frequencies and 

Danish intonations. These patterns will tend to excite the distant but related ówife identificationô modules but 

tend also to inhibit those for óson recognitionô. I will be some way towards the correct identification of my 

wifeôs call, and my wife herself as a result, even before my voice bank has fully analysed the sound. The 

excitation of ówife IDô modules will tend to excite even very distantly related modules, for example those 

related to shopping ï we are to do the weekly shopping today ï and these modules will tend to excite those in 

which (I hope) I presently hold the information as to what I think we need to buy, what I need to wear and 

where the keys are. All this (it is time to go) is tending to inhibit activity in those modules presently engaged 

in locating and organising ideas about cognition, and dressing them in respectable language.  

 

This has been our first glimpse of the absolutely fundamental mental process of spreading activation whereby 

any brain activity tends to reverberate around all sorts of perhaps only vaguely related subject areas in the 

mind. We can begin to see how this process, especially if on/off and dimmer switching possibilities are built 

into the system, enables decisions to be reached very fast and their implications spread and considered very 

rapidly. These decisions may involve many different aspects of the same issue simultaneously (remember our 

tennis player). Spreading activation not only enables rapid decision-making but also enriches information by 

involving all the different facets of it which we have in our heads. This combining and re-combining of 

information within the mind is association. It is thought that about 95% of the activity in the cerebral cortex at 

any time is pure association within it, only about 5% being either the intake of new information to the brain or 

the delivery of instructions from it. This association can be thought of as what, today, would be called 

óinformation processingô. (Though see a fascinating chapter by Frank Smith in Olson et al (1985) debating 

whether what we have in our heads should properly be called óinformationô at all. You may also wish to read 

about ecological psychology. This now-you-see-it-now-you-donôt approach begins with Gibson (1986) and is 

briefly discussed in my notes to this chapter).  

 

 

Summary to date: 

 

We have taken a preliminary look at the brain ï its structures and its processes. What we have seen is an 

organ of colossal potential in which specific tasks are managed in specific areas but in which everywhere 

informs and is informed by everywhere else. We saw that we have two distinct brains but that these 

communicate totally and continuously across the corpus callosum. We saw the limbic system curled up at the 

centre of the brain and we saw that these structures also communicate intimately and continually with the 

óhigherô cortex. The limbic system mediates, monitors and to some extent at least controls some of the 

activities of the cortex which we used to regard as purely, indeed loftily, intellectual.  

 

Itôs not quite this simple and the cortex is neither as distinct nor as authoritative as we would like to believe. 

Nor, of course, is our consciousness. The limbic system also mediates general states, such as emotional status 

and mental arousal, and is involved in issues such as memory and recall. We dismissed phrenology and 

crossed laterality but embraced humility and scepticism, and we considered two very basic brain processes, 

association and spreading activation. We observed, as a result, that the brain is a flexible, omnivorous learner 

with a capacity which we may consider to be limitless for practical purposes. Having laid these foundations 

we are now ready to consider the brainôs behaviours; how it may manage language in its various forms and 

literacy in particular. 

 

 

 



Chapter two  

 

Language management. 

 
In which the reader examines the management of language within her cerebral  

cortex and meets mental lexicons there; is introduced to top-down and bottom-up  

processing, cascading feature analysis and parallel distributed processing.  

She also goes to a party and considers a dog. 

 

 

We will be discussing the nitty-gritty of language management and its implications for literacy a little later. 

Finally, we will find ourselves at an elderly, but still fundamental, controversy which we can then fruitfully 

examine in the light of the above. We start, though, with a little fundamental neuroanatomy and neuro-

psychology. Where, and how, do procedures relevant to literacy actually happen in the brain? 

 

Our cerebral cortices, one left cortex and one right cortex, where we think most of our óthinkingô goes on, are 

very swift and have huge capacity. The details of their procedures, however, remain imperfectly understood, 

to say the least. All the same, we know that certain fairly specific areas of our brain are involved in certain 

fairly specific functions of our minds. We know, for example, that most people manage language pretty well 

exclusively in the left brain, and we know roughly where we do this. The basic neuroanatomy of language 

management in the left brain is pictured at figure 2.1 in outline and is immediately explained in the text. Later 

on, and bit by bit, this anatomical mapping will be lined up with logical and empirical cognitive mapping of 

literacy management. Anatomy will be shown to fit logical deduction and empirical findings. (The complete 

proposed map of language management is at appendix one if you need an early peep.) As a result of this 

marriage of observation with logic we will be able to see how and where those literacy procedures we reliably 

observe or infer, from real life and from experiments, probably happen in real brains. We need to understand 

all this if we are to consider the issues still being fought over as to how we really manage literacy and so how 

best we should present it for learning. It is important that we bear in mind that what follows is simplified. It is, 

nonetheless, close enough to the probable truth to enable valid and valuable insights into literacy to be found 

and evidence-based, practically and pedagogically useful conclusions to be reached. 

 

Mental lexicons. 

 

Imagine you are chatting with someone. Using the outline of language management centres and pathways at 

figure 2.1 below, let us consider how you might be translating the noises your companion is making into 

meaning inside your head. You will necessarily have to consult a language store, or lexicon, of some kind to 

do this. You will have to consult a mental lexicon, so there must be one in your head. Mental lexicons will 

reappear when we examine routes to reading and routes to spelling. But where is meaning and what is it? 

What is a mental lexicon? What will it contain? How might it work? Is one lexicon enough?  

 

A lexicon is a store of language. One form of mental lexicon might be a dictionary of word meanings in your 

head, but what other forms might a lexicon take? Is there just one, with every word you know filed under its 

meaning, perhaps in sections of related meanings or with a quick-find system of extensive cross-referencing 

by meaning? You certainly have a large vocabulary with a huge number of entries and an extraordinarily 

rapid access system. You probably have entries for somewhere in the region of 50,000 (thatôs fifty thousand) 

items, and you can reach any one of these entries in less than a second (Aitchison 1987). And, of course, you 

may be able to match this several times over, in different languages. (Remember how colossal your brain is 

and enjoy it!) 

 

But there is more. We deal with language in several other, and completely different, manifestations. We hear 

it as sound. We see language as symbols, as you are doing now. We understand language as abstract meaning 

(unrelated to sound or symbol). We also manage it as sets of detailed motor instructions to muscles (the 

muscles dedicated to producing speech or writing). It follows that we must have sites in the brain where all 

these utterly different incarnations of language are stored and where they can be accessed for the purposes of 



recognition (reading or understanding speech) or execution (talking, writing or thinking). These sites are also 

mental lexicons.  

 

At a minimum we must have at least one semantic lexicon where we hold language-as-meaning. We must 

have at least one auditory lexicon where we hold language-as-sounds. We must have at least one visual 

lexicon where we hold language-as-visual symbols. And you may be fluent and literate in different languages 

with different scripts. If so, you have a separate set of replica lexicons for each language. (As before, I am 

tempted to write that the mind boggles except that, as we have already seen, it doesnôt even come close to 

boggling.) 

 

Let us consider language management, and the procedures which this management of language entails, in a 

little detail. Later we will consider the significance of all of this essential neuro-stuff to the teaching and 

managing of literacy (see chapter three). 

 

Understanding speech: From sound to meaning. 

 

 

 
 

 

Figure 2.1  Language management in the left brain. 

 

Beginning, then, with speech; with language-as-sounds coming in from the ears and reaching area 1 on figure 

2.1. Area 1 is the auditory association area - the area which receives the sounds of speech from the ears, and 

then makes appropriate associations among them, the area which recognises spoken language as spoken 

language. (Areas 1 and 2 are also called Wernickeôs area after he who first surmised their function in the late 

19
th
 century.) In this auditory association area incoming noises are analysed until recognised as the constituent 

sounds of speech. (This is not, incidentally, a simple matter! Speech is usually extraordinarily indistinct, 

messy stuff ï sounds are often swallowed and lost, or blended into other sounds, word boundaries regularly 

disappear. Language is enthusiastically mangled.)  

 

However, our auditory association area somehow contrives to recognise (or even reconstruct for us) its 

constituent sounds, or phonemes. (A phoneme is the smallest distinct linguistic sound (smaller, usually, than a 

syllable) - óeaô and ótô in óeatô, for example; ótô, óeaô and óchô in óteachô or ócô óaô and ótô in ócatô.) This raw 

material, this collection of phonemes, is then passed on to area 2 on figure 2.1. This is the speech association 



area. Here, the phonemes are assembled into mental representations of language, but only of language-as-

sounds. At this point spoken language has been recognised but is represented purely by its sounds. It is a 

collection of phonemes represented in what we can call phonemic code. It is in a mental lexicon where 

language coming in from the ears is held in phonemic code, and this area can therefore be called an auditory 

input lexicon. 

 

The sounds have been heard and recognised as speech - as language-as-sounds. We still have no meaning, at 

this point, however - we have not yet understood the speech. The phonemically coded bits and pieces of 

language-as-sounds must be sent further, to area 5 on figure 2.1, which is the language association area. This 

is where language-as-meaning is stored; it is the site of the semantic lexicon. In it the phonemically coded 

units of language-as-sounds access and activate their counterparts representing language-as-meaning, as 

semantic units. At this point the language has been translated from language-as-sound in phonemic code into 

language-as-meaning - into semantic code. When the semantically coded representation of the language we 

heard has been thus activated we can say that the speech has been understood, we have reached meaning from 

noise. 

 

(Philosophy intrudes at this point; have we really reached any meaning without further associating the bald 

dictionary meanings of the speech with the real world? Unless I somehow associate the words I have just 

heard (ódonôt forget your dental appointment!ô) with my life they still remain meaningless, philosophically 

speaking. Let us leave it right there for the time being, however, and push on with cognition.)  

 

Another small diversion: You may already be becoming a serious cognitive psychologist and wondering how 

speech (and, for that matter, handwriting) can be decoded and understood so accurately and easily if they are 

such degraded, distorted, messy and mangled signals? How do we deal with such blurred and patchy 

material? How do we óhearô, perfectly clearly, óthe cat sat on the matô when what was actually said was ócaô 

saô [mumble] maô? How does anyone manage to read handwriting, especially mine? This is a practically and 

theoretically important question and one elegant and plausible answer is the pattern associator network. A 

pattern associator network is a small network of interconnected neurons, a neural net, enabling one mental 

representation to be translated correctly into another - phonemically coded language into semantically coded 

language, for example, or the picture of a rose into a memory of its scent. A pattern associator network is a 

plausible neuroanatomical explanation of how this may be done even when the first representation is 

incomplete or seriously degraded. (See notes to this chapter and Rumelhart and McClelland 1986 vol. 1 pp. 

33-37.) 

 

 

Understanding text: From symbol to meaning. 

 

The neuropsychology (for such it is) of reading to meaning is much the same, in principle. Language is 

presented to us as text; as a collection of visual symbols or graphemes. You are looking at a mass of 

graphemes right now, and making meaning from them. (A grapheme is the smallest meaningful visual 

representation of language. It is usually a letter, of course, but might also be a sign, or even a logo (+ or - for 

example, also Ã, $, %, &, @, Ǉ, ǁ, ǀ etc.). The eyes pass the information, the detail of all those squiggles on 

the page, to the visual cortex, actually at the very back of the brain, to the visual association area which is at 

area 3 on figure 2.1. Here the initial analysis into mental representations of symbolic language - language-as-

symbol - begins. Text is recognised as linguistic symbols and this information is then passed to the symbol 

association area which is at area 4 on figure 2.1. Here, the symbols are associated and recognised as units of 

language-as-symbol. This incoming language is being represented purely as symbols, as graphemes, and is, 

perforce, in graphemic code. At this moment it is only a collection of graphemes represented in graphemic 

code. It is graphemically coded language coming in from the eyes and presently held in a mental lexicon we 

can call the visual input lexicon.  

 

(As yet we do not know whether this representation is usually of letters, letter patterns, whole words or even 

whole phrases. Indeed, it is likely that the answer is different in different circumstances. Except when text is 

difficult or words are very new we probably óreadô much larger units than letters - whole words or at least 

morphemes. You read the words óexcept when text is difficultô much easier, and perhaps differently, than you 



did the names óRumelhart and McClellandô. This opens an interesting and often very warm debate, of which 

more later. Cognitive psychology has real answers.) 

 

However, getting back to our graphemically coded language: Just as before, we still have no meaning for this 

language-as-symbols; we only have linguistic symbols in graphemic code in the visual input lexicon. To reach 

meaning we must again pass this data further - from that lexicon to the semantic lexicon. Each graphemically 

coded item of language must access its semantically coded equivalent in the semantic lexicon, at which point 

language-as-symbol (graphemically coded language) has activated language-as-meaning (semantically coded 

language) and we can say that the text has been understood and we have read to meaning. (With the same 

philosophical proviso as previously noted, of course - unless I appropriately associate the semantically coded 

language I have just read (ólow battery: You should immediately change your battery or switch to outlet 

power éô) with my real life it still has no genuine meaning, I suppose.)   

 

Let us consider one more diversion from our main argument, a taster for chapter threeôs discussion, and a 

brief glance at the ancient, but still fulminating, controversy of whether we read (or spell) primarily by visual 

or phonic attack. Let us loudly and clearly note that the route to reading we have just examined (visual 

association from graphemes straight to meaning) is the direct route; it is the most economical and the quickest 

route to reading. It is sometimes referred to as the lexical route. (Ellis 1993, Taft 1991) Let us note that this 

route made no reference to sound whatsoever (though spreading activation may well reverberate further and 

reach it). The text reached meaning directly from visual representation of language-as-symbol (graphemically 

coded language) to language-as-meaning (semantically coded language). It went directly from page to eye to 

visual input lexicon to semantic lexicon (and see chapter three and appendix one). It was pure visual attack 

and sound was not necessary to it.  

 

We normally read visually. What, though, if the text is difficult and full of unknown words like lysosome, or 

apocope? An alternative, though slower, clunkier and more expensive, route enables us to read by sound. It 

takes text first to graphemic code in the visual input lexicon, as it must, but then to a conversion link (a 

translation service, in effect, translating graphemic code into phonemic code) then, in phonemic code, to the 

auditory input lexicon and only then to meaning in the semantic lexicon (see figure 3.3 in chapter 3). In other 

words, decoding text to graphemes, translating these representations into representations of sounds and using 

these representations of sounds to reach meaning. This more roundabout route, sometimes called the 

sublexical route, delivers what is called assembled reading. Being less economical, and less elegant, we can 

assert that assembled reading is inherently much less likely to be the way reading is primarily done in fact, 

under usual circumstances and assuming a fluent reader. (Biology is ruthlessly economical, and elegant, at all 

times.) This sublexical route, from text to sound to meaning, is also clearly not necessary except for words 

which are complex, or new to the reader, and must be ósounded outô (ósublexicalô perhaps, or óTaftô).  

 

A mass of evidence exists to show that readers do it visually as a primary strategy and phonically only 

secondarily or as a óuseful second passô (e.g. in Adams 1990, Ellis 1993, Ellis and Young 1996, Taft 1991, 

Rayner and Pollatsek 1989) or as part of the probably flexibly applied dual-route strategy (read primarily 

visually when text is familiar, phonically when extra support is necessary). (Adams 1990, Coltheart et al 

1993, Decker et al 2003, Goswami and Bryant 1990, Rayner and Pollatsek 1991, Smith 2004, Stanovich 

2000, Underwood and Batt 1986 and Wray 1994.) Notwithstanding the evidence, and the logic, there 

continues to be hot, sometimes virulent, argument, at chalkfaces, in the media and in government 

departments. We will more thoroughly examine this controversy (the óreading warsô) in the next chapter. 

 

We have known for over a century that mental lexicons are anatomically distinct. We know (and it is logically 

demanded) that in each lexicon language is represented as single code; that in the visual lexicon there is only 

language in graphemic code and that in the auditory lexicon there is only language in phonemic code, for 

example. (Ellis 1993, Ellis and Beattie 1986, Ellis and Young 1996, Taft 1991) It has been shown that the 

routes are distinct, too. (Morton and Gipson, both cited in Ellis 1984 and see Ellis 1993, Ellis and Beattie 

1986, Ellis and Young 1996, Taft 1991 and later in this book) The routes we have discussed to date are direct, 

or lexical, routes, managing language in only a single manifestation corresponding to the sense through which 

it has been appreciated. All other routes are less direct, more clunky, more expensive and deliver assembled, 

rather than directly accessed, meaning, of which more in chapter three. 

 



Speaking and writing: from meaning to sound or symbol. 

 

What about when we produce language, either as sound (speech) or text (writing)? To do these we first have 

to activate semantic meaning in our semantic lexicon, to activate mental representations of meaning in the 

form of language. To come up with something to say, in semantic code. (Philosophy intrudes again: ówhoô 

activates this meaning? From where does the original impulse to access these words come? How could any of 

this start? My only defence to this is to look shifty and move on.) Let us quickly, if timidly, abandon 

philosophy and take the cognitive story up from the point at which óIô have, in fact, thought of some meaning 

and decided either to put it in writing or utter it as speech. óIô have somehow begun activating entries in my 

semantic lexicon and am ready to go.  

 

These activated representations of language-as-meaning, language in semantic code, will be passed to the 

appropriate motor areas of the brain (areas to do with formulating commands, usually to muscle groups). 

These semantically coded representations will there be associated with their motor coded counterparts, which 

are instructions to the relevant muscle groups for appropriate action. For example, data relating to the 

language I wish to write will be passed to area 7 on figure 2.1. This area is the hand motor area. Here, 

instructions are formulated and issued which will cause my hand to move in such a way that I write my 

meaning down. The semantically coded language-as-meaning is translated into motor coded language-as-

hand-movements and I write my meaning. Should I wish to speak my meaning I must send the data, the 

semantically coded language-as-meaning, from the semantic lexicon at area 5 to Brocaôs area at area 6.  

There, appropriate instructions to the muscle groups responsible for the production of speech will be produced 

and distributed; the semantically coded language will be translated into motor coded language-as-speech-

movements and I will speak my words. 

 

To write, I activate language-as-meaning, in semantic code, translate it in the hand motor area into 

instructions to the groups of muscles which write, and write my meaning into symbol. To speak, I activate 

language-as-meaning, in semantic code, translate it in Brocaôs area into directions to the groups of muscles 

which enable me to speak, and speak my meaning as sound.  

 

To reiterate a point made earlier about reading to meaning, which applies similarly to writing our meaning: 

The procedures I have described which enabled me to write my meaning made no reference to sound. I took 

semantically coded language directly to the hand motor area and that area delivered motor instructions to my 

hand. I was not required to activate phonemically coded language at any point. This is the most direct route 

from meaning to writing. It is a direct, or lexical, route. This direct route is obviously the cheapest and 

simplest way to writing from meaning and is therefore much the most likely candidate for the way we do this, 

in usual circumstances. My activation of semantically coded language may reverberate as far as sound in my 

brain, it may also activate phonemically coded language in there and I may óhearô what I write as I write it, 

but this auditory activation is not necessary for me to write (in usual circumstances and with simple or well-

known language). This auditory activation is secondary to most writing. Perhaps, for example, I write easy 

language such as óI will speak my wordsô using direct, lexical activation but may consult sound when I 

attempt óactivation of semantically coded languageô? Perhaps we flexibly deploy a dual-route strategy? This 

thinking will be germane to our discussion of the whole language vs. phonics controversy, the óreading warsô 

in chapter three. 

 

  

To summarise the first two chapters thus far: 

 

We have glanced at the wiring - how the cerebral cortex is probably structured in that regard and how it 

probably works. We noted that particular activities tend to be performed in specific areas of the cortex and we 

have mapped some of these. We have discussed, in some detail, the basic neuroanatomy of language 

management in the left cerebral cortex. We have examined the various mental lexicons which correspond to 

the various logically deduced manifestations of language. We have suggested that analysis of information 

takes place in columns of cells arranged into modules by function. We noted that a truly stupendous amount 

of interconnection between modules is built in to the system, giving it the potential for almost unlimited 

capabilities. We saw that these connections between neurons can be weakly or strongly excitatory or 

inhibitory. We have not yet said so aloud, but learning is presumably the establishment of particular 



associations and we imagine it must be the result of the establishment of particular connections and patterns 

of connections among neurons and the tiny modules they make up. Mental connections and patterns must in 

some way correspond to physical connections and patterns (and see notes to this chapter). 

 

We are now in a position to consider four very basic psychological concepts: spreading activation and 

cascading analysis together with top-down and bottom-up processing. We will then be able to see how these 

might impinge on the management and learning of literacy by real brains in the real world. 

 

 

Spreading activation. 

 

To begin with spreading activation. This is a simple, and objectively obvious, feature of the wiring of the 

little grey cells. Drop any idea into your head (say óholidaysô for example) and quite a large number of related 

ideas will become activated in response. Not all will be so strongly activated as to reach your conscious 

awareness, but all ideas even remotely related to (wired to) the original idea will have received at least some 

activation. You have probably found yourself purposefully exploiting this feature of your brain when trying to 

remember something specific but which you canôt recall right now. Often the best way to do this is 

deliberately to think of something you know it is related to, maybe what you were doing around the same 

time, perhaps something about the location or people with which you know it is associated. One thing, as they 

say, leads to another. What you wanted was, as you knew it would be, activated by your deliberate activation 

of a related item and thereby itself made more easily accessed. You deliberately set spreading activation off, 

in the knowledge that somewhere in its net was the item you sought but could not access directly.  

 

Spreading activation is, incidentally, not usually a thing we can choose to do or not to do; it just happens. 

Activating one cell, or module, automatically sends stimulation (positive or negative) away off down its 

myriad processes to all the cells or modules to which it is connected (and often onward from these to even 

more distantly related cells or modules). Spreading activation is, in psychojargon, mandatory. 

 

Spreading activation is, of course, responsible for another important and objectively obvious aspect of our 

brainôs behaviour - its ability to do lots of different things all at the same time. Spreading activation spreads 

activation; that is, it sets off other foci of activity in many places other than the one originally excited. Before 

long, all sorts of stuff is going on all over the place, mostly unconsciously but still going on - being dealt with. 

Your brain works, in fact, in a parallel, distributed way. It processes many different kinds of material, in 

many different places, at the same time. It does almost all of this absolutely unconsciously, though. Your 

conscious is embarrassingly small, like a single, not particularly wonderful computer, and is able to process 

only one item at a time, serially and ponderously (and see notes to chapter six). Your unconscious, in strong 

contrast, is like a plethora of computers spread all over the brain and all potentially active all the time; able to 

work on related or unrelated matters and communicating with each other about their conclusions as 

appropriate with no direction from óusô at all and without necessarily informing óusô about any of it. (Our 

tennis star from chapter one did it unconsciously. There was nothing like enough time for conscious thought.) 

This is the colossal power of parallel distributed processing, or PDP (Rumelhart and McClelland 1986 and 

McClelland and Rumelhart 1986). Grand slam tennis, and literacy, are simple tricks to an apparatus so large 

and so massively interconnected. 

 

 

Top-down and bottom-up processing. 

 

Bottom-up processing is the somewhat simplistic idea that your brain makes up its mind as to what is going 

on based solely on evidence. Bottom-up theory sees the mind as a blank and incurious organ, passively 

accepting and dispassionately examining every one of the zillions of bits of data continually presented to it. 

The decision as to what will be said to have been experienced simply awaits careful and unbiased evaluation 

of all this evidence. Decision-making is a purely reactive process. There is no questioning, anticipating or 

presupposing. All decision is coldly based on evidence presented and all evidence is equally carefully 

examined. There is no prejudice or preconception, and no effect of context; no speculative inferences will be 

made and no judgement will be more likely than any other. 

 



Top-down processing envisages a far more proactive mind. Your top-down mind is seen as actively 

formulating hypotheses all the time as to what might be going on. These hypotheses are, of course, founded 

upon experience, recent or remote. With its hypotheses in hand, the mind sets off into the world searching for 

related evidence. Your mind forms the relatively few questions necessary to interrogate the evidence to decide 

whether or not what it suspects is taking place is what really is taking place. Having actively sought the 

answers to its questions and found (often) its hypotheses confirmed, your mind may then begin to make 

decisions as to how to take things usefully or entertainingly forward and start seeking the answers to the new 

questions which will arise as a result. Because your mind, in this mode, is looking for relevant evidence, it 

discards, or ignores most of the incalculable amounts of material with which it is continually bombarded. It is 

selective in pursuit of its hypotheses. (If it had no hypotheses it could not sort information by relevance ï 

information can only be relevant to something.)  

 

Your mind is probably a curious, selective and proactive hypothesis-generating device continually searching 

for that minimum of data which will enable it to confirm or refute its hypotheses. Your mind probably 

interrogates the world unceasingly; however, it probably does not examine all of everything presented to it, 

but óskimsô incoming data intelligently.  

 

We can easily see how top-down processing enables us to make good decisions quickly, based on much less, 

or less perfect, information than if we had to rely on pure, data-driven, bottom-up processing. An example: 

my son is upstairs in his room playing the óSergeant Pepperô album. There are two doors between us, muffling 

the sound of the music such that I can barely hear it. It is, though, an album I know backwards. I feel I can 

hear the words and music clearly. This is nonsense, though. The truth is that I know it so well that I need only 

the tiniest and most imperfect hint of relevant musical information to make me think I can hear it all in detail. 

My mind suggests, from its extensive library of Beatlesô music, what I am almost able to hear; this and the 

tiny amount of real evidence I actually have is enough for me to experience it almost fully. If my son were to 

play an album I know less intimately I would experience nothing beyond very distant sounds. 

 

A silly oversimplification as another example: 

 

When we first arrive at Joe and Saraôs party, bottom-up processing would have it that our minds are 

completely taken up deciphering the immediate and are free from any preconceived ideas as to what might be 

taking place behind their front door. When we get inside we look about us, assembling information, and 

finally conclude that there are a lot of folk dressed up to the festive nines, clutching drinks and behaving 

tremendously brightly. óAha!ô we say óa party!ô (Had the house contained sheep we would presumably not 

have been much surprised as we had no pre-formed views on this or any other matter.) 

 

Top-down processing theory, on the other hand, claims that as we come through the front door we expect to 

see people roaring at each other across many decibels of heavy rock. We gather just enough evidence to 

confirm this hypothesis (which, given the size and number of Joe and Saraôs loudspeakers, doesnôt take long) 

and can immediately begin searching for more data to take us forward, still within our hypothesis, for 

example for either Joe or Sara (we have to give our bottle of wine to someone).  

 

Boringly enough, the truth probably lies somewhere in between and, as usual, it probably all depends... We 

probably use a variable mix of top-down and bottom-up processing. Some situations are highly predictable 

(Sergeant Pepper, for example, or getting up in the morning). In predictable, well-known situations like these 

a skeleton minimum of actual data will suffice such that we get the experience experienced or the job done. 

Other, more novel, situations will demand that better attention be paid to incoming data, to new information. 

Had Joe and Saraôs house actually been full of sheep, for example, we would have had to fundamentally 

revise our hypothesis and search for a new one, and we would have had to deploy a much more thorough 

examination of the evidence.  

 

It is often a question of novelty versus familiarity. Reading a romance or whodunit, for example, demands 

relatively little attention. There are relatively few new ideas or details. Youôve seen (or read) it all before. You 

can read it very fast and very well with little application and intermittent attention. This is why such reading 

suits airport lounges and railway carriages. Contrast reading a paper on, say, finding engineering solutions to 

the stresses on high bridges from intermittent and variable wind forces. This will need much more careful 



reading and much more bottom-up data collection. Skimming and inattention will only result in failure. We 

will need every fact, every turn of the argument, to understand. We cannot use knowledge already in our 

heads to guide us, as there is very little. (If you are a civil engineer, I abjectly apologise.)  

 

We will return to this aspect of our minds but now we need to consider quite another: cascading analysis. 

How do we decipher the world or, in the context of a book on literacy, the written word? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Cascading feature analysis. 

 

If we really do use a mix of top-down and bottom-up processing, and if we incorporate the excitatory and 

inhibitory connections we know to exist in the colossal quantities we know they exist in, we have the wiring 

and procedural requirements for a cascading feature analysis reading model as proposed by Rumelhart and 

McClelland (1986). They not only proposed this model, but built it into a computer simulation. Their program 

óreadsô a vocabulary of some 1200 words of four letters or less, presented in a simple and consistent script. 

Within these rather limited parameters the machine reads accurately and swiftly. By altering the text it can be 

induced to make óguessesô and errors. These are remarkably like those real people make under similar 

circumstances. Its reading óbehaviourô resembles ours. The model seems to be robust and plausible. It has 

withstood the test of time and the attentions of other investigators well. None of which is proof that we do 

read this way, of course, but the model is felt, nonetheless, to represent more or less what real life reading is 

very possibly like. This is how it goes, and how we may also go. 

 

Figure 2.2 is a simplified diagram of their model. 

 

+ denotes an excitatory connection (an on switch) 

-  denotes an inhibitory connection (an off or dimmer switch) 

 

(Rumelhart and McClelland 1982, as cited in Ellis 1984 and many other texts.) 
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Figure 2.2 Rumelhart and McClelland's model of word recognition by cascading feature analysis. 

 

This model is, like so many biological processes, complicatedly simple. In other words the constituent parts of 

the process are simple, the procedures of which it is constructed are simple, but a large number of them may 

be simultaneously active. Correlate large numbers of simple things appropriately and you may achieve a 

complex thing. If you can do the simple things simultaneously, you can achieve the complex thing very 

rapidly, too. Cognitive psychology shows us that this complex coordination of a multitude of simultaneous 

mini-achievements may ósimplyô be a result of the wiring - of the patterns of connections between little grey 



cells or neural nets; ósimplyô a function of the shape of the circuitry built up over time and as a result of 

experience and learning. Build the right circuits and the thing is automatic. Learning something is presumed 

to be the laying down of this circuit, this net of connections, rather than that one. Brave readers may like to 

consider chaos theory in an attempt to explain the development of mind from matter in this astonishing way. 

In such case, try Abraham and Gilgen (1995) but first look at one or more of Stewart (1997), Gleik (1987), 

Cohen and Stewart (1995) or Ford, in Davies (1989). 

 

How does a cascading feature analysis model work? 

 

I need you to note that the model is entirely mute. It reads visually, making no reference to sounds. It 

simulates, in other words, direct, or lexical, reading. The model postulates that letters are recognised by visual 

feature analysis; by analysis of the visual features of letters alone. Letters are analysed by certain properties - 

a line here, a curve there, a bit below the line here and so on. A feature, once identified, is made to excite the 

representation of every letter which contains it and inhibit all those which do not (the + and - symbols on the 

diagram indicate this). Letters are rapidly and efficiently recognised in this paradigm. Suppose, for example, a 

letter appears and a down stroke (|) is identified. The representations of all letters which include such a 

downstroke (BDEFHIJKLMNPRTbdfhlt) will begin to be activated. All other letters will begin to be 

inhibited. Suppose that this letter also contains a horizontal stroke (-). Representations of all letters containing 

a downstroke and this horizontal stroke will begin to be activated, and all others inhibited. With only two 

features identified we have narrowed it down to a probable B, E, F, H, L, T, t or f. Recognition of a twirl to 

the right at the top as well as the two features already identified, but no others, would home us in on the letter 

f. We got there in three, in fact. If the program were to contain a little battery of, say, a dozen or so features 

against which letters are checked we can envisage it building into a comprehensive letter recognition system. 

And if the program is simply produced by wiring up particular connections in particular circuits or, in 

biological terms, neural nets, or pattern associator networks, then it is also an automatic and robust system. It 

will also cope well with imperfect material  (and see notes to this chapter). Once the circuits, the neural nets, 

have been built (which is what learning is, in this paradigm) then the ensuing use of them is forever 

automatic. Letter recognition will have become, as it is in fact,  something we ódo without thinkingô. 

 

It is time to interject another short deviation to examine what seems, at first sight, to be a paradox. It would 

seem to make sense to postulate a feature recognition system of great specificity, a meticulous, pedantic 

system demanding precision in detail. On the face of it, it would seem likely that we would have a feature 

recognition system which is tremendously precise, a recognition system which very precisely identifies 

features and which then matches them very precisely with other features to achieve very precise recognition. 

Such a system would really be a thing to be proud of, would it not? 

 

In fact, it would be a disaster. It would be next to useless because, of course, in the real world hardly anything 

is ever truly precise. Consider, for example, the dog. We can all recognise a dog for what it is ï a dog. We do 

this, on the strength of just a brief glance, very fast, very accurately, very consistently and very definitely. We 

do it so easily that it seems deeply unsurprising. But dogs come in a large variety of shapes, sizes, colours, 

degrees of hairiness, bounciness and so on. You can, nonetheless, easily recognise a dog even if you only get 

a glimpse of a bit of it for a fragment of time. You can recognise a dog from any angle; from in front, from 

the side, from behind. You can recognise a dog this way up or that way up. You can even recognise a dog the 

likes of which you have never seen before.  

 

What are we, probably, doing here, when we identify a dog as a dog? We are probably applying a shortlist of 

feature óquestionsô (and, as we have seen with letter identification, probably quite a short list will do). We 

probably apply the shortlist to the evidence, to the data coming in, and accept features even if they are only 

approximate. By accepting approximations, but using a feature list which is long enough, we can swiftly 

identify even completely new examples of known categories (such as dogs). Maybe we categorise something 

as a dog if it shows, say, 10 out of our 12 listed features of a typical dog to a degree of, say, 85% satisfaction? 

Very occasionally we may (very occasionally we do) get it wrong, but it probably wonôt happen very often 

and is probably an acceptable risk for the enormous gain in flexibility. If we had to learn and carry about 

exact recognition units for everything we had ever seen, from every angle and in every circumstance, our 

brains would have to be the size of large water melons ï and we still wouldnôt be able to recognise anything 



we had not seen before in exactly that situation. (You may pursue the advantages of fuzzy thinking in Kosko 

1994.)  

 

Back, then, to figure 2.2, the diagram of cascading analysis letter recognition, fortified with the knowledge of 

our own productive inexactitudes. Let us take the story up from a point where we have a few letters sort of 

identified. These letters will begin to excite word (or morpheme or letter pattern) units which share features 

with them and will begin to inhibit those which donôt. Suppose we have almost fully recognised three letters 

in a row, each letter incorporating a circle, the first with a line running up from it and the last with a line 

running down. Letters like o, a, p, q, g, b and d will begin to twitch but even while the cascade toward full 

letter identification continues the search for word identification can begin. With the first and last letters 

containing lines up and down as described, and with three circles in a row, words like dog, dag (to clip the 

wool from around the tail of a sheep), bap (a bread roll), bop, bog will be tickled.   

 

You will have noticed that up to now the whole procedure has been bottom-up. The model has simply been 

reacting to the evidence on the page, the incoming data. The program, however, also begins, from an early 

stage, to formulate its hypothesis as to what the word is likely to be, given the context in which it is 

immersed. The model begins to use what it already knows about context and the syntax of its language to 

search incoming data for such details as will confirm or deny its hypothesis. For example, in a section about 

dogs, this three letter word is far more likely to be dog than it is bog, bap, dag or bop. Prior knowledge has 

enabled the data to be interrogated and the correct decision approached even while the data search is still 

incomplete and the data ragged and unclear. This is top-down reading, using the mindôs content, including the 

context of our present reading, to interrogate data proactively, to presuppose what the text may contain and to 

examine it for agreement. Is this how we do it? Do we form a hypothesis as to what text says and then 

question it?  

 

In the real world of literacy some research indicates that fluent readers reading easy or predictable text may be 

going too fast for there to be much effect of context or prior knowledge on the reading itself; too fast for there 

to be much top-down reading. Such reading may be done almost wholly bottom-up - almost entirely based on 

decoding of the text itself. When not going so fast, for example when the text is more difficult or when the 

reader is less fluent, the effect of context and prior knowledge increasingly matters, and reading becomes 

more biased towards a top-down procedure. It is a flexible system which trades reading procedure and task 

difficulty off against each other to achieve maximally effective performance. This is the famous interactive-

compensatory trade-off between bottom-up and top-down reading (Stanovich, West and Freeman 1981, 

Stanovich 2000) of which more in chapter four. 

 

The procedure we have described is feature analysis in cascade. It is called this because bottom-up feature 

identification traveling one way and top-down proactive feature searching the other are both active at the 

same time. Data is cascading one way and expectant search the other, simultaneously. The whole chain bursts 

into a buzz of two-way activity, final decision being possible a very short time after first presentation of the 

text. A decision is also possible, if our feature recognition allows for a degree of imprecision, even if the text 

is partial or distorted, as is so often the case in real life (much handwriting, for example). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Cascading feature analysis as described here may well be very much like what we really do when reading, 

except that we probably donôt read letter by letter. It sounds outrageous at first but the fact is that we do not 

need to identify every letter fully in order to read. It is even probable that we cannot read to meaning and 

separately identify letters both at the same time. Consider figure 2.3 for a moment. 

 

 

 
 

 

Figure 2.3  An óambiguousô figure. 

 

Well, what did you see? This is, of course, the old cliché; either two faces or a thing like a vase. Please note, 

though, that you could not see both at the same time (Smith 2004 p. 18). You saw either the two faces or the 

vase, never (it is impossible) both at the same time. In other words, you may either see letters or words, but 

you canôt see them simultaneously. It is not possible to see a visual stimulus as two different things at the 

same time. You may see different things in the same stimulus (you may see letters, or you may see words), 

but you cannot see them both at the same time. This dictum applies to text as to everything else, of course. 

(Spreading activation and onward processing may allow you to infer, or reconstruct, detail, but initial 

appreciation cannot be of two aspects of a stimulus at once.)  

 

You are also probably familiar with the entertaining example of whole-word reading, as opposed to letter 

reading, which turned up in my email one astonishing morning. It read something like figure 2.4:  

 

Try reading this!  

 

Aoccdrnig to rseerach at Cmabrigde Uinervtisy, it deosnôt mttaer in waht oderr the ltteers in a wrod are, the 

olny iprmoant tnihg is taht the frist and lsat ltteer be in the rghit pclae. The rset can be a toatl mses and you 

can still raed it wouthit dfificluty. Tihs is bcuseae the hmuan mnid deos not raed ervey lteter by istlef, but the 

wrod as a wlohe. Amzanig huh? 

 

Figure 2.4  Writing in óJumbleô. 

 

It was easy for all to see, from this astonishing email, that when we read we read whole words straight to 

meaning, much of the time. Fluent readers are obviously not much concerned with individual letters or their 

placement in words. If I had written this book in ójumbleô you would be fluent readers in it by now. You 

would only falter with new or difficult words such as hippocampus, or Caerphilly perhaps. (It should be 

mentioned that the reference to research at Cmabrigde Uinervtisy is misleading. Itôs an urban myth. The email 

is still very instructive fun, though.) 

 



And why (going all the way back to feature analysis), if we operate by seeking identifying features in letters, 

should we not do exactly the same for whole words? (That is exactly what I was probably doing when I read 

that email.)  Supposing that in order to identify letters, which commonly present in so many different forms, 

we apply a list of 12 tests - does it have a curve here, a line there, a crosspiece there and so on?  Why should 

we not be able to apply as many and as general tests to whole words, thus recognising them directly? Look at 

figure 2.5. 

 

 

 
 

Figure 2.5 

 

Did you manage to read those three sentences? Of course you did. Did you notice, though, that the last word 

in each was visually identical but óreadô differently? To have managed that reading without a hitch you must 

have been ignoring the detail of letters and reading words whole (and using context of course). 

 

 

 
 

Figure 2.6 

 

Letters, anyway, often disappear altogether. You read figure 2.6 easily enough, yet the óingô in ómeetingô and 

the óionô in óstationô have become mere squiggles in which letters are barely hinted at. 

 

Now try figure 2.7. It is written in minimal feature text, a text in which minimal features of letters have been 

retained.  You will find this ódepleted textô easy enough to read. If this book was written in such text you 

would, by now, find it about as easy to read as normal text. It is written in an alphabet designed as part of an 

experiment to determine how much of each letter of the lower case alphabet could be eliminated without 

seriously affecting legibility.  

 

 


