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Abstract

This ebook has gathered the nuts, bolts and practical implications of the cognitive
psychology of literacy into one comprehen sive and empowering volume. It also
provides a much more thorough , teacher -friendly but properly  sceptical scrutiny of
dyslexia than you will find elsewhere. The book also reviews some interesting and
unusual new ideas which are about to become a lot more mainstream: For example the
powerful effect of affect on learning and performance , the ubiquity and significance
of learned helplessness to learning and literacy and the deeply important , but as yet
unrecognised, enigma of consciousnessin our teaching.
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You can then travel to any subject which is  blue and underlined by clicking on it.
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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 whitebehoves me to tell you something of sgff,and of the genésand
purposeof this book.The booksof this naturehatl like best usuallyseem to me tbavebeenwrittento
answettheir authoréown questionsThus it is with this onen it | answer the fundamental questions | had
when | first began as a youthfublunteer but| alsoruminate about some of the marentroversiabnesl
grapple withnow, asa muchgreyerone

I come from the worlaf adult literacyandinevitably showsomebias in ttat direction This does nomean
thatwhatl write applies ony to adultliteracy. Literacy is literacy at whatever ages to be learnednd here
are thoughts and ide&wr everyteachethere Indeed Ibelieveyouwill find the journey both more human and
moreenlighteningpreciselybecauseny biasshows

Thewhole projectarises from mywnignorance (steadily, if slowly, becoming less absolute) alvby?

Why do we use the methods we d&By are there so many of them? Why are they so varidligise idea

are they anyway? Why do some feel good while others ddWiby do apparently contradictory methods

often workequally wel? Why do some succeed when other®falhy is somestuff rememberedut some

forgotten? Whydoessome metho@nga@ andexcite but somantimidate or repeP How do we read and why

should wespell?Cantherereally be differentstyles oflearning Why do suchpassionate, even virulent,
debateseverberatgiear on yeain what ought to be a quiet backwater of sci&dshy donét we all agr
after all this time andfterso much battle® resdution to be found and, if so, wher€an you really be

specifically literacydisabled- can youreallyb® dy s Pe xi c 6

| startedteaching literacyn the nineteen seventiga what was uncompromisingly calléult Literacy. |

found, almost at once,ahmy profound ignorance of any of the theory behind literacy acquisition and
performancevas a very concrete handicap indeed. | hadnét a clue, say, how spel
in the mind(and indeed Thadnoow coul d | t el doodweétzod? Havasbould Ireveiva s n 6 t
develop? How might | progress from the oddly stultifying, sometimes bizarre andraft&tly unsuccessful

little collection of teaching ideas | had begimer? When anethodfailed, why was that®Plow could Ido

better? Whatould | dodifferently, assuming  d i d neddlessiarepeat those lessons | had been given

at my &@Whatwas succgs$? How woulektognisdt? Why was there so much failur&?hy did

students recall so little? Why was progress so slow? #hid students not performénr e a,las well as e 6
theyseemed tdn the classroof (And see Abadzi 1994, Brooksal2001,Charnley & Jones B,

Kambouri & Francis 1994, Sheeh#folt & Smith 2000 for some further discussiofithe effectiveness, or
frequentlyineffectivenessof our tuitionat that time)

Theoriginal purpose o#ll this wassimply to examinethe concept of dyslexiappropriatelyHowever, h
order to do this properly, we need to understand a great many othefiriste&iencethefirst three chafers
of this essay. The oth@easwe will look intoen routeare also fundamentally important to teaching and
learning.This is why | make no apology for the distancewit travel before reaching otinal goal- this
and the fact thahe route takes us ovarlot of deeplyinteresting grounavhich isrewarding in itself.

I will lay my cards face upight from the startMy own experiencethinking andstudyand my own research

haveall convincel me thatdevelopmental dyslexigt leas as presently conceivegjobablyd o e s n 61t e x i st .
very, very verymuch regret thahis observation wilinstantlyenragesomeof you Perhaps yowill feelthat

I amdenying that there are people who have unusual difficulty acquiring and using lifeeakgps youwill

feelthatl amdenying thasuch peopl@eed, and should havextra and appropriateelp.l can onlysaythat

neither of these ieemotelytrue andrespectfullyask that youead furthetbefore making your judgemernt

you can bring yarrself toread this bookvith an open mingou will see why think dyslexiamay not exist



and why, even although it is probably rexistent,| believeit causes such hartu its victims | am notalone

in my scepticismeither A very substantial numbemaybeeven a quiet majority, of teachers of literacy

privatelydoubtthe reality of dyslexial heymust besilent, thoughMost teachers are contradto an

educationainstitution. Dyslexia is recognised WK law as dearningdisability. All UK educatonal

establishments are requiredatccept the reality of such disabilitiés,screen fothemandto haverelevant

remedial policiesn placefor dealing with themNone of their teachingtaffis at libertypublicly to question

dyslexia. Indeed they arequired to do exactly the oppositet 6 s not a conspiratcy, but i

If we are to understand dyslexand how taconsiderit critically, fairly, honestlyand truthfully we havefirst
to understandhe fundamentakcienceunderpinnng literacy. (This is an absolute requirement which many
writers do not satisfy.Jhis elementary foundatiois whatmy early chapters are all abauthey are about
howthebraindoesit i how does it read, write or spellbeginwith the basi¢essentiatognitivepsychology
of literacywithout which there can be no real understandinig. dexplore how thisliscipline so fascinating
in itself, alsoenrichesour thinking andour practice. There issomejargonaheadas there must Hebut only, |
promise you, what is absolutely necessangd lexplainit all in plain languages we go along

| appreciate thahe very phraséognitive psychologdis sufficient to causemanyreaders suddenly to decide
to make a pizza, or a start on painting the bathr@onhfeel | mustmount a deliberate defence of, and eulogy
for, this marvellous subjedt goes like this:

Be not afraid of a little cognitive psychologdylis much simplermore fascinating and more empoweriagd
much moreelegantthan you may thik. Your mind does a plethora of thingsdit doesthemall the time- it
isdoingmany t hi ngs 0y o ughtnavolrnisirackirkg iyounmposiidn insgace and maintaining
it; it is tracking your physiological status and maintaining;tias tracking your immediate environmearid
what is taking place in @nd will alert you immediately to any important charggewell ageading this
sentencét may be simultaneouskput secretlyyuminating abouall sorts of othestuff relating to othe
aspects of your lifdUnless something urgent arisamong all thigyou may neverknow anything ofany of it
Your mindis a fantastidevicedoingfantasticthings but it doesalmost allits workin secreobscurity This

is why weunderstand it so tie and why weunderestimate its profound qualig

Cognitive psychologys aratheryoung science. Iis thestudy of howyour mind does all thoseomplicated
thingswe presentlyregard in our ignoranceas simple thingslike instantlyrecognisng people breeds of
dog makes of caor words on the pagenderstanihg speector text speakingor writing; remembeing
shopping listsbirthdays smells, melodies, the namesfadtballers film stars or philosophersvalking and
chewing gumat the saméme; making pizza or painhg the bathroom.

Whatever you do, yousrainwill have driven the procesblo brain noproces§, The phrase o6no br ain
shows how we undervalue thsaperlativeorgan! Until you are dead, everything is precisely a brairfee. T
thing is everywherand responsible for everything.) It must be admitted, thoughythaimind is mysterious
and obscure. It is easily overlooked becatsgrocesgsarealmost alwaysnodestlyunconsciousYou
neithernoticethese activitiesnor, frankly, do youappreciateghem You just acceptheir discreet competence
and magical reliabilityYou correspondingly seldomseeall this as thetour de forcat really is. | wasaboutto
saydmind bogglingtour de forcébut of courseyour mind was notdggledat all. It almost never isYour

mind is modestbut miraculouslt is constantly delugedat high speedyith uncountablesolumes ofdetail,
some of whictwill prove important but much of which is either trivial or actuallseievant. This flood b
informationhas to bebsorbedfiltered, analysedconsideredprioritised, mixed and matchex discarded
before even the simplest perceptmrdecisioncan bepluckedfrom it. Your brainis literally fabulous You

do theseunimaginably complexhingsall the time without effort and without evenoticing never mind
understandindpow. This istruly magical. Cognitive psychology is magical tdoough It unpicks one sort of
magic, that of awed ignorance, but replaces it aithther and bettenmagig that ofawedunderstanding.
The awe remains.

How is cognitive psychologylifferent from what weisuallymean bygpsycholog@? Cognitive psychology
dealsd o nwitly the normab r a evergdayactivities as it managdke everydaylt does not spadate
aboutour relationship with motherask us to interpret ink blgtBee associater invoke ego, superego or id.
Cognitivepsychologyis less and more than thisidtthe study of théhow does it do that®juestion the



mechanics of mindn ourpresehcontext it deals witlyuestions likeHow do we read®o we read letters or
whole words? Do we readsually, or do we read soundfow dowe recall spellings? How dwe learn them
in the first place®o we use rulesWhat else could we use?

Theprocesseof mind, though,areinfuriatingly surreptitous We ¢ seeinbotmind, or talk to it. It is
implacablyinscrutable Frustrated pychologistsometimegalk ofit as adlack boxXj as a resultSome
fascinatingy cunningwayshave been devisdd reved, or at leasallow us toinfer, its otherwiseinvisible
proceduresnonethelessMany of thesexperimentsill haveyou smiing at theirbeautifulingenuity.

Cognitive psychology can reveal, has revealed and will continue to réedaspiringly elegant and
practicallyempowering nuts and bolts of literacy management in our unbelievable minds. This may need
l abouri ng i nantdiowhalyam doingso hemphere are people who abhor cognitive
psychology and would wish tvert their gaze ém it altogether(Some of my best friends do thift is, they
say, mechanistic and reductioni@tVhere they cryfis the real student in all thig?

I make the following reply

First, it is a matter of level. We function on many different levelsyTre 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 &Wi. enjoy and we suffewWe love.Of course we do. However,
onanother level, all thought, learning, performancenderstanding is, whether we like it or not, managed by
a mechanism. Our marvellous minds erisly because of ourilliant brains. Our braits a wonderful
mechanism but is still indisputably a mehanism.The most ethereal thougimt your mindis also gparticular
patternof connectionsmicrovoltagesandotherill -understoodut vaguelychemicalélectricalgoingsonin

the brain How could it be otherwise? It is perfectly propbereforejndeedit is surelyfascinating and

inspiring, to consider the mind and brairtas level.

It would be as ridiculoyseven irresponsibleo avoidthe study of cognitive psychology when considering
cognition- whenexaminingliteracy, for example as it woud be deliberately to ignore the mechanical truths
of themotor car whermaintainingone Nor, of course, doesainderstanihg of thesemechantal truths
detract fromthe appreciation of aesthetiddnderstandindgnow a car functionmay be demandingutit is a
fundamental necessitfyyou wish to work on onelt is, thoughmuchmore than this it alsointensifies and
amplifiesyour delightin the beauty of design and the cunning of funcgtiooreases your enjoyment of the
motor car Soit is also withthe mind.Cognitive psychology enhances respect for, and delight in, the mind
and its miraculous abilitieheightenur aesthetic appreciation of mirohd its astounding capacities

Secondly, a basic understanding of the cognitive psycholbggh undelies literacy is profoundly enabling
It empowers andmancipatedt liberatesus from blind dependency on all those-gdigested methods
prescribed elsewhere, by someone else, for no one in partithimotor mechanic who understands
engineering wilbe a betteandhappier mechanic than he who does not. In exactly the samehsdgacher
who understands something of cognitive psycholeidlysee more clearly what is really going on, why and
how. This happy teachewill be ableto criticiseconstrudively and tomove forwardndependentlywith the
confidence of firm ground under the feeill be able tobuild andadapt, evolve and grow.

Although cognitive psychology is gascinatingandsofundamental to the understanding of litergtwere is
begi nning to be more mature debate as t o itédromalet | y
consideration oéffect(emotiors, mood, attitudes, motivationy Thepowerfulinfluenceof affect on

cognitive performancgoeslargelyurnrecogrisedand unexploredThe effects of affeabn literacyaregrossly
underestimated and undeesearched thereforeexplore affect irthis book at least insofar as it affects
literacyand the dyslexia issukbelieve it is soon going to klemuch morgrominent concerto

educationalists of all stripghan it is nowboththeoreticallyand practicallyl believeit profoundlyand
importantlyinfluencediteracy acquisition and performance but thaniggativeeffects can be mitigated and
managedind paitive affectcan bedeliberatelystimulated andharnessed fumble towards a theoretical
explanation of all this.

It maybehelpfulto consider the layout of the book and howmiéybe used. Thérst two chapters deal with
the psychology we need to i about literacy imitty-gritty, cognitiveterms.They tell of the basic

how

S



architecture of the braiand itsbasicoperatingprocedures fundamental proces with resounding names

like spreading activatiomssociationtop-down & bottomup processing,ascadindgeatureanalysis After the
austerity of thesewo chapters, and based absolutely upon them, the book raatieso the world of
practicalliteracy. Precisely because we have understood our cognitive psychology, we can begin to have
some instrudve fun as weconsider our practic&Ve can root about among some of the most controversial
ideas of the day ande canpeer at possible futured/e will, finally, be in a position to take a properly
informedand responsibleook at dyslexia, the argumerdasound whictinvolve so many different
perspectiveand demand such frank thinking

Much of the book is taken up with chapter notes. This is intended to remove some of thleldcdationally
relevantbut, in this contextmoreperipheral issues fronthe coretext so that you masead on through the
main narrative or plunge ingreaterdetail or wider interestto suit time and taste.

I am confident about mosf the materialin my book butsomeis more speculative. The first part of the book
is abaut the basic cognitive psychology which matters to the literacy teacher. Bhugfiaround which there

is consensusit is mostlynot controversial. It is entertaining, however, and can be very fruitful, to speculate
about controversial topics and | ga to do some of this. These exploratory, and sometimes polemical and
iconoclasticadventuresire intended to stimulate thought and promote curiosity.

For example, | repudiatbelearning and applyingf spelling rules] take a fewtentativesteps ito the
upcoming and importamtebatearound our conscioughe usefulness, or otherwise,ibbr the unconscious

to literacy;l seek to raise the profile of affect as a prime cause (as welbamecomplication) of literacy
difficulties, especially aparently odditeracydifficulties; | denounceéspellismdand urge us all to relax rather
than reform; I discuss attribution theory, maladaptive attributions and learned helplessness, which | believe
powerfully affect both students and teachpeshapegeciallyof literacy. Finally, | look long and

sceptically at developmeal dyslexia, a diagnosis of which | believe functions, in the real workl, as
maladaptive attributiomducing learned helplessness in teacher and taught dékpitedyslexiabeing itself
unreal | hope you will enjoy theeargumentsand take something from theayen if you do noalways

accept my conclusion#.| had to say in a singlsentencavhat | felt this bookwasintended to dé would say
that it is to stimulate thoughto bolsterscepticismandto offer differentviewpoints | hope you will be able to
developsome otthe ideas in tis book furtherthan | have These are exciting times and there is much to play
for. I hope | have indicated wherand howsome of the gaes will be played antdhope this boolawakers
some interest iplayingthemyourself

The reader will soon note that | usually refer to students, where | do, in the masculine. Most people | have
taught have been. Ther®no gendeifree substitute andfind ¢he or shétedious. | shall duck the issue

altogethetby claiming a convention. The reader will also note that | seem to have a particular someone in

mind as | write. This virtual reader is ghostly and insubstantial, even to me, but she dog$atéeas

gender. She is addressed, wherever she is addressed, in the feminine. This is not intended to infuriate anyone
(of either gender) and will not, | hope, do so. | like to think there is nothing sibisténd this decision of my
unconscious perhas it is because most teachers of literacy are, it seems to me delightfully, female. |

continue, incidentally, to have a great deaswbportand encouragement from many such people, a fact |

should like loudly to record somewhere. This seems as goatea ab any. | am very grateful indeed for it

and to them.



Chapter One_

Some basic neurology.

In which the reader considers both her brains, some ranatomy,
some fundamental processes of mind (such as association and
spreading activationand goes to Wimbledon

Itis a hard thing to have tdmit, but when | was first introduced to adult literacy teaching the following
quote applied, in spades. Literacy tuition provision for adirtthe 1970&nd 1980swas:

€ a pract i cangofgomplaerstaogers, 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 bach of new volunteer tutors, of which | was one, was given traiflimglve hours of practical tips

and exhortations and a pile of cryptic handoutssirahgelyspecific worksheets. We were then considered
ready for student allocation and off we went, king, in thoseallegedlyinnocent days, in disconcerting
seclusion, one to one, often in studesr tutos homes. Nobody understood much about literacy or its
acquisition, but nobody seemgpdrticularly bothereaither. The atmosphere was relentlesglijroistic,

perhaps because there was so little assessmenterstandingf our work.At the same time, though,was

felt that literacy was so complex as to be almost insuperalidgzantine labyrinth of incompletely
understoodrule-basedskills andsub-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 amegbetitive for the stdent. The meaning of much of what we did

was difficult to discern. &hapdecause the transmission of real, autonomoursijdentlyuseable literacy

was felt to be unlikely the endeavour was sold to us mainly as a generally supjifgpaenising sodal

activity; as aJolly 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 angteaordinary were the things done in the name of litereloie 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 sdaybyiously lackinga firm and

respectable intellectual ba8is ( Wat er | a nawere dudk8r8for pll.thosk Bijarre schemes and

worksheets continually drilling such peculiarities as homographs or homophones, consonant blends or vowel
digraphscloze exercises or phonological segmentation ddbsitinually seekindor 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 ledin classwhenoutin the real world became accepted as
inevitable and thus tolerable. Except, of course, that they are not.

We needhe aforementionedirm and respectable intellectual babeneath our feet if we are to pull

ourselves free from suchcondition This intellectual base, in our present context, must include cognitive
psychology- an understandingdheb asi ¢ | ayout of, and procedures in, th
done.Without it we cannot understand literatwvill therefore beginthis bookwith a theoretical

consideration of the cognitive psychologhich enables reading and writinghis theory ideautiful,

fascinating, exciting, eyepening and liberatingtuff, something to look forward ittt is the indispensable

foundat i on of o ur Ids, farthe thdughtfut teaeher, affiranimgeadd enablitigou haveread

this far you already qualify as a thoughtful teachesrtaps, like meyou areconvinced it can be better done

and fascinated astowhyitsormgé s i s and someti mes iddmyddesshespellt he wor d:
eoplécorrectlyd(CharnleyandJones 1981 p.46) t 6s a fine question.

The home of literacy is in the mind, and our mind is constructed fior, asdby, our brain.To undertand
literacy,and dyslexiatherefore, we need to understand how the literate brain does such things. This is



cognitive psychologythe study of how normal brains do normal thidgss a fascinating pursuit of deeply
mysteriougprocedures. lis our lag frontier. Thebrain is extraordinarily swift and extraordinarily efficient

butit is a profoundly reticent orgartsiprocesses and procedures are held secret from us. It carries out almost
all its work in themaddeningly clandestinenconsciousPsychobgists talk about théblack boxdparadigm.

They mean by this théihey seehe brainas inscrutablpa black box we cannot open. Sometimes we are fairly
certain more or less what information has gone into the box and, if wénkedligently enough, we &n

sometimes see=asonabyl accurately what comes out (a behaviour or decision perhaps). If we devise cunning
experimental circumstances we can sometimes infer what propeebably tookplace in tke box, but such
inference ighe closest we can pressnglet to adirect view (Priming is a lovely examplef such

experimental methqdind seg¢henotes to chapter thredhside theblackbox, of coursejs our urtonscious,

a wonderful and infuriing mysteryutterly hidden from our gaze. This is where citiye psychology

happensand the things it can do are spectacular.

Consider Wimbledon. Our hero serves. His ball crosses the aretuatd100 mph. We mortals call this sort

of thing too fast to think aboustodoubecausearetenasur se, t hat
coming back almost as fast as his serve. Our bog masnber ofjuick decisions to make. These will be

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

on tennis rakets and on gragurtsin many situations and conditions. He has learned how to move and

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

sees at high speelde has learned much about his oppurdring this and previous matches. He has planned

and observed his own | ast service. He has also obseryv
racketaddress anthovements, and those of the ball. In the light of all this he has assksgeajdctory,

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 musainagehis own immediate behaviour instantaneously and in

several respects. He has tose 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 eyeand mind precisely and continually mitoring itsbehaviouy while doing all this.

At the same timehowever, our boynustalsobe acutehyawareoth i s o p p o n e nHeétgdievaach avi our
strategically analysebe body languagéisplayedon the other side of the net. Whatedadttell him about the

content of his opponentdés mind, where and how he expe
next and how he will deal with when it doe® Our boy will only finalise the striking of his ball once he has

decided where it should kdse placed, in view of all the foregoing, suahto cause his opponeanaxinum

difficulty in retrieving it And all this mentatomputatiormustcontinue apacemmediately after the strike as

a flexible positiorclose to the nenust beswiftly taken upgjust in case his opponent does scrape a return.

Our hero smoothly executes all this coordingietteptionanalysisandaction and successfully (I feel he

will be champiorthis yeaJ strikes the ball soundly beyotige possibility ofreturn. While all his has been

going on, though, he may also have been consideringtengstrategy: is his opponent getting nervous? Is

he poorer today at baseline return than net play? Is his backhand particularly vulnerable today? Our hero may
evenhavehad time to wik that the overwrought but underdressed lady fan in the front row close to the

service line and given to suddscream®f frenzied adoration, would go away astdyaway.

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

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

achieved all tts stunningcognitionso rapidly, efficiently and well analmost entirelywithout, apparently,
involving himbat amy stags t her e having been no?time for 6éconscious

Literacy (at least as | pras#i it) certainly appears to be less spectacular than the above, but the reading,
writing and spelling wall perform with such effortless speed and accuracy ismotuch less remarkable in
fact. Theseearly chapters wiltonsider our mental processesd procedures, and admire our mental
capabilitieswith literacy at the front of the mintbut first wemust examinehe amazing brain (or should that
be brains?) iur 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 connecipiouslybetween different areas ofdhd pass impulses back and to
within the brain Nerve cells, oneurons are what make up the system. A nerve cell has a &odyrom this
body there arisaumerous, and sometimestiemely long, protrusions. All nenféres, or nervesare just

such protrusionor collections of such protrusions, of neuron cell badless these fibreswhich carry

nervous impulsearound the systenrT hey ar e t h e Nearye $ibres witnghe lrairr usually end

in connections with other neurankhese are very numerous. Every neuron in the brain makes hundreds, often
thousands, of connections with other neurons in the braaryfeuron in the braireceiveshundredsoften
thousandsof such connectionfsom other neurons in the braiiihe many connections each neuron makes or
receives may be with, or from, neurons close by or far away across the brain.

Since there arperhapgen billion neurons in the cerebral corteach making grhaps a couple of thousand

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

and built in vast amount tocA¢tually, the number of neurons in your cerebral coremdthe number of

connections &h may make, appearvary according to the book you are reading at the tinhavejustread

a booktelling methat there are a hundred billion neurons up theckthat each may make ten thousand

connections or more Oh W €hke pointd ammaking 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

sixl anguages; we should rat herEibres tseuirnpérsieshbendagotriola(t whweer edvo r
was very similar, physically, to yours ovine.

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 benfrd 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-&8)

Not only are connectiortsetween neurons numerous (to put it mildly), they can alsxbiéatoryor

inhibitory. An excitatory connection makes it much easier for a stimulus to pass; an inhibitory connection
makes itmoredifficult. In other words the system can makeg offéandd@immeBswitch connections. The

vast number of interconnections arising from, and impinging upon, every neuron in the brain and the fact that
some of these ai®@ng somedfféand some variabl@immelbswitches are two salient points about the

wiring of the brain for our present purposes. Another is the staggering interconnectedness of ithe thing
everywhere seems to be connected to everywhere else, one way or afmthérainis bogglingly

enormousan astoundingly massive organ. We were impiegsethepace, amourendquality 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 interconnecte, also have the ability to perform a multitude of tasks

simutan eous | y. I ndeed, we do this all the time, as a mom
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 ifour main functional parts: thierainstem/midbrain completheforebrain the
cerebellumand thecerebral cortex(Damasic2000andEnglandandWakeley1991).The brainstem/midbrain
complex(and it is complex) comprises ancierglatively primitive structures which need not, as they say,
detain us long. Perhaps, when we understand better how this complex fitanglifherhaps intimately



influencesthe thigheBstructures of our brains thiastremark will seem flippant buhiour present state of
knowledge and for our present purpos&g cancontent ourselves witkaying that the midbrain/brainstem
complex is a complicated interconnecting and switching system which sorts incoming inforfimeatiadhe

bodyand outgoing instrctionto the body. Imoni t or 6s t he bodyds major sys
unconscious activity. It keeps us alive giysiologicallycontrolled buitd o e s nét do any t hi
any fun.We will consider it no further in this book.

Immediatelyabove thiscomplex(depending a little, again, on who you read)ftirebrainbegins. There ia
collection of anatomically and functionally distinct, but closely related, structuoeshng deep within the
brain which we are only just beginning to urgtand. These spooky structuraake up the complex known
as thdimbic systemrin which | will include the basal ganglidhe caudate nucleus, thmlamusthe
hippocampus, the amygdaadthe putamen. Thegreeachintimately and extensively associatedh, and
very copiously connected tstructuresall overthe &hinkingdcerebral cortex which wraps around them.yhe
fundamentallyif as yetmysteriously affect (perhaps even control) the activities in our cerebral cortex, at
leastin generaltermi. 6 s s ¢ @heyseem to bgarhong other things, the anatomical seat of our
emotions andheyhave a profound influence on memaunyd recall They matter in the context of literacy as
they may be the anatomical explanation for the profound influérataftect(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 theyasn oft
They are, therefore, implicated in the genesigafmed helplessnesshey may also be important to, and
may even control, the degree of arousal of the cortex and thus our motiVétsa.ancient structurdmve
early access tmformationcomingin from outside the brajrfrom sight and hearing for example but from
other senses as well. In thght of this privileged knowledgtheyappear tanediate emotioandmood,
appetites, drives and states of aroagsabss the entire corteXhey seema oversee perception, especially
perhaps emotional perception, and they seem to oversee general brain activity in resghesse to
perceptions. Alb h i g h e r dctivity feeds hackasbme detaito these structureghich monitor and
regulatethis adivity as a resultindeedinformationconstantlyreverberatsfrom our cortex to these structures
(particularlyto the thalamusgnd back again to the corteso that we are perhatakingsecondor multiple?)
looks at many thingslt is evenpossible tatthe origin of thafinal mystery ourconsciousnesss exactly this
reverberation or amplification of cortical activifgnd see notes to chapsex).

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

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 Bffdats we
increasingly recogse themore complexholistic nature of the brain, the way in which everything seems to

affect, or at the very least inform, everything else. We increasimglgrstandhat many apparently barely

related influences, particularly rather general, unconsaw@emotional influences, bear on almost all mental
activities, even apparently austere or intellectapparentlyconscious activities. We now realise that the

intimate fingers of thes@owerdforebrain structures are to be found in mental pies al twebrain and at

many different mentadevelsd We need to remember this when we talk about the cortextasgeafe where
everythingdntelligentbgoesorii t pr obabl y i s@oaéscioushsugtd is pngbdbBargaelyghet hat .
province of thecortex butt is also probably heavily mediated, monitored and perhapsasteally

controlled, by thesdowerdforebrain structures, especially the thalaniigere may be very specific mental
organs all about t he ¢ or tneuchisolation as Wweeuged  imadina dntl they d o n 6 t
are probably very much more affected by other areas of the brain, higher or lower than themselves. Indeed, in
chapter seven | will be suggesting that we still do not grasp the real extent of these infuneintwesr

resulting importance to the educational process.

In much the same vein, we have also to beware of our stromghsimplifying, dualistic tendencies our
splitting of one function of the mind (consciousness, thopghtap} from another (feling, emotion, the

body itselfmaybg. There is probably no such mind/body separation in the briiare is probably only a
mind/body whole (and, for some writers, there is only a rhiodyenvironment wholé eg Gibson 1986

We can, at any rate, rebdsee that we tend carelessly to elevate our conscious intellect to the status of all
powerful, central director of life, the universe and everything; thedcamind to which all else is subordinate
and from which all else is separate. We hugely exatgera conscious abilities thereliuch more
importantly for our educational purposes | believe, we shamefully underestimate our unconsciods ones. (



my notes to chaptesix | discusghe enigma of consciousnesgossibly deeply important to literacyaighing
| offer some tentative wordsn ecological psychology in the notes to this one.)

And finally, a peep atie cerebellumthissits,looking a bitlike a small cauliflower, tucked in behind and
below our cerebral cortices. It has important functiongotor control, especially in the controlled
performance of intensivellearned and automated movements fikaeying tennis, othe piano or driving the
car.In our present state of knowledie cerebellum isonsidereaf minorimportance to literacythough it
is very extensiveljinked with the ¢hinking6cerebral cortex. This may have something to do with the
apparerly close involvemenof motor memorigsparticularly painjn someareas othighethought and
perception. (Thelen 1995, Wall 198id notes to this chapter.) Some theorists (e.g. Nichasaifrawcett
1999)alsoclaim thatdevelopmentadlyslexiais caused bynheriteddefects in the cerebellumekamine
dyslexiain critical depthin chapter eight and refer you to this discussioraforitique of thigpeculiarclaim. |
will otherwise not talkmuchmore about the cerebellum in this bool aslieveit is peripheral to our
purposeT i me wi | | tel |, of courseé

For the purposes of this essay on the cognitive psychology of literacy€amapp a little wrongly, as you

can see), we are how going to concentrate upothtbbeblevels of the forebrain, theerebral cortexHere

we have Herditle drey ceksbHemre,onve il more or less believe, is the thinking equipment, the
domain, probably, of the conscious, aware selhatever that meansiere, we still believe, is the
management of highdevel information, the sorting, combining anda@mbining of ideasconsciously or
otherwise This is probably wheréveblive, intellectually at any rate; the plaeehere all those debates as to
who or what we are, whether God exists, what consciousnaksimut, whetheEnglandwill ever win the
world cup again and where | last used the soldering iron actually go on. It is laése @activities like literacy
take placeat least in the maiThis 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 fige 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 twabrs. 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 abilitiesen different personalities. Your left and right



brains have very different patterns of skills and see
What one brain does well and easily the other may hardly be able to do at all. However, theamsiare

joined together by a wide, thick band of millions of nerve fibres known asotipeis callosumYour brains

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

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

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

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

other. The effect on the severity of the epilepsy was
patients were soon recognised as remarkable psychological subjects in which each brain might de accesse

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 th&ilis of literacy. Your right brain (almost always) takes a more holistic view of

the world, is more creative, perhaps, and a more | ate
relationships between things than your left. Your right brain is prglsditer 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

compl ete personality with a full complement of skills
06 Ryod . Lee is a scientific thinker and articulate tal ke
matters of fact, usually boringly correct. Roy, on th
than Lee. He digs his muskasily understands an engineering drawing and emagern artthough he

doesnét talk much about any of this. These two differ
and completely that they have fooled you into seeing them as a singlepért er oy 6 per haps. Lee |

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 wasviolety thought that

Il iteracy acquisition was related to brain and hand do
6cerebral dominanceé, and still occasionally do. This
is controlled by tk 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 usigtet 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 thdomainant Ibain to boot. It was

thought that this must result in literacy difficultiese. that lefthanders 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 aquisition or performance, let alone dyslexia. Hemispheric dominance is irrelevant to our study,

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

come across references to crossed lateralitgi@beal 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 bmaiThis may be slightly simplistic, as | 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, pmceed sufficiently humbly, let us remember
phrenology. A little over 100 years ago phrenol ogists
brain and that these could be felt as a series of bumps on theTslayliclaimed there were, for @xple,

organs of cautiousness, destructiveness, constructiveness, acquisitiveness, congugality and (my favourite)
mirthfulness After comprehensively feeling all the bumps on your s&yhrenologistvould attribute

characteristics and abilities to the med 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 phrenol ogi stsfeg. Emglagchans have bee
Wakeley 1991). We scan, observe and experiment and we claim (and hope) that our theories are based on



rigorous and empirical, neurological evidence. For hu
head right here on my dk. It keeps me sceptical, as is scientificaligper.

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 deafhrs{Th
demonstrations of consistent and particular loss of function following damage to particular areas of the brain
were |l anguage disorders in fact, namely Brocads and W
areas.) Today we can, of courseray 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 suaticdxad 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 dférent 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. Wayrntmich 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 obseamddcunningly 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 enteaipiegé

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 s6bhirservar iftoirng@Thi s writer is boringé. The
are bothmorphemes(A morpheme is the smallest meaningful unit of languagen t hi s exampl e 6&éi ng
6erd are morphemes, as ar e O6kindofermda Spooderismphwherew. ) We us

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
thisinstance hat 6i ng6 and 6éerd are held separate from O6writ
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 thameptology.And where else will you get the chance to use

words like concatenatg?

Much of what | 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 actiwitibe cerebralortex, 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 uncomnaisigatiatiorcortex rather than being inndye
pre-programmed to do something specific. That is, most of our cortex is general, uncommitted ability looking
for something anythingi to learn. We can learn Urdu or Mandarin Chinese, IT skills or macramé, scuba
diving or car maintenance, the historfyEmypt or flower arranging (and, of course, we can learn all of these
and mord 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 abgtibiag that turns up. We are

omnivorous, practically limitless learners of whatever does.

Microstructure and Wiringf Howdés it done?)




Figure 1.2. A cross section of the brain.
1 = brain stem, 2 = corpus callosum, 3 = cerebellum, 4 = white méattegrey matter, 6 = thalamus

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

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 crigessing the system, connecting everything to

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

mattermadeu p of neuron tlélgbeviesl, | $he 161 iyou placed a se
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 @olumns Each column is thus an arrangement of abaQtckells in a line and it is

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

cell s, p e r h a’ippsocessés irtiornmatiors abduth singld d@tail. These columns of cells seem

themselvesa be arranged into microscopitodules each module comprising many columns and each

responsible, perhaps, for processing related informatioimking about a single subject. Let us use voice

recognition as an example. We recognise people by voice aslame, t her e must be a 6voice b
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 tfealing wi
slightly different frequency ranges, will be able to
This could be said to be our phase one voice bank, our voice recogtitisa one.

Remember, though, that every neuron may make thousédiedsinections 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 distéattiyg re

columns in modules dealing with distantly related information or ideas. Remember, also, that some are
excitatory 6éon switcho6é connections while others are |
have only completed phase one of mjceaecognition. | have a reamlt 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 anatfsciation area anarea in which | may

associate voice reamlt data with personal ID. Here, | may associate (erefesence) the frequency
characteristics of voices with the identity of persbisnay recognise actual people by voice, in short.

Exciting the neurons relaty 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, anohental 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 managedtheir place in my life, the world and so on. And so on. And so on. (And seeussion
of pattern associators in the notes to chapter two.)

Supposing, then, that | 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 patternesffrégluencies and

Danish intonations. These patterns will tend to excit
tend also to inhibit those for 6son recognitiondé. | w
wi f e 0 sid noyavifelherselfas a result, even before my voice bank has fully analysed the sound. The

excitation of o6wife I D6 modules will tend to excite e

related to shopping we are to do the weekly shoppingl&yi and these modules will tend to excite those in
which (I hope) | presently hold the information as to what | think we need to buy, what | need to wear and
where the keys are. All this (it is time to go) is tending to inhibit activity in those mopiidssntly 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 prosgseading activationvhereby

any brain activity tends to revestate 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 andigations 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 degisading but also enriches information by

involving all the different facets of it which we have in our heads. This combining -awst@ning of

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

any time is pure association within @nly 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
6information processingo. ( ThougOolsos et a (1985) dedbatimgi nat i ng
whet her what we have in our heads should properly be
about ecological psychology. This ngwu-seeit-nowyor-d o n 6t approach begins with Gi
briefly discutssed in my notes to this chapter).

C

Summary to date:

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

organof colossal potential in which specific tasks are managed in specific areas but irewdrigbhere

informsand isinformed by everwhereelse. 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 thatgh structures also communicate intimately and continually with the

60hi gherd cortex. The |l imbic system mediates, monitors
activities of the cortex which we used to regard as purely, indeed loftily, intellect

ltds not quite this simple and t laesweeauldlketo beliege. nei t her
Nor, of course, is our consciousness. The limbic system also mediates general states, such as emotional status

and mental arousal, amlinvolved 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 resultetbaithis 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 brainés behaviours;
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 taléeyn and bottorup
processing, cascading feature anadyand parallel distributed processing.
She also goes to a party and considers a dog.

We will be discussing the nitigritty of languagenanagement and its implications for literacy a little later.
Finally, we will find ourselves at an elderly, butlstilndamental, controversy which we can then fruitfully
examine in the light of the abow/e start, though, with a little fundamenteuroanatomynd neure
psychology. Where, and how, do procedures relevant to literacy actually hagperbrain?

Ourcerebr al cortices, one | eft cortex and one right <co
very swift and have huge capacity. The details of their procedures, however, remain imperfectly understood,
to say the least. All the same, we knthat 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 basroanatomy 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 ablesee 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 reallgari@@sacy 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
andevidencebased, 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 2.1below,let us consider how you might bamslating 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 consultraental lexiconso there must be one in your head. Mentattns 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 lexiconis a store of language. One form ofntad 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-fijpickystem of extenge crossreferencing

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 so
items, and you can rela@ny 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 imesalother, and completelgifferent manifestations. We hear

it assound We see language agmbolsas you are doing now. We understand languagdstsactmeaning
(unrelated to sound or symbol). We also manage it as sets of detalednstructiors to musclegthe

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 (readtg or understanding speech) or execution (talking, writinpinking). These sites aadso
mental lexicons.

At a minimum we must have at least argnantic lexicomvhere we hold languaggsmeaning. We must

have at least oreuditory lexicorwhere wehold languageassounds. We must have at least gisial

lexiconwhere we hold languaggsvisual 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 eachgen@smbefore, | am

tempted to write that the mind boggles except that, a

boggling)

Let us consider language management, and the procedures which this management of language entails, in a
little detal. Later we will consider the significance of all of this essential nstuff to the teaching and

managing of literacysee chapter three)

Understanding speechrom sound to meaning.

Figure 2.1 Language management in the left brain.

Beginning,then, with speech; with languagssounds coming in from the ears and reaching area 1 on figure
2.1. Area 1 is thauditory association areathe area whicheceivesthe sounds of speech from the earsd

then makes appropriagssociation@mongthem the area which recognises spoken langueggpoken
language(Areas 1 and 2 are also caldte r n i c k a&ftérde who fiesasurmised their function in the late
19" century.) In this auditory association area incoming noises are analysed until sedoggihe constituent
sounds of speeckiThis is not, incidentally, a simple matter! Speech is usually extraordinarily indistinct,
messy stuff sounds areftenswallowed andost, orblendedinto other soundswvord boundariesegularly
disappear. Langugg isenthusiasticallynangled)

However, our auditory association area somehow contrives to recognise (or even redonsts.its

constituent sounds, @honemes(A phoneme is the smallest distinct linguistic sound (smaller, usually, than a
syllabe)-6ead and o6to6 in o6eatédé, for example; 6t6é, 6ead and
material, this collection of phonemes, is then passed on to area 2 on figure 2.1. Thipéetieassociation



area Here, the phonemes are@sthled into mental representations of language, but only of langsage
sounds. At this point spoken language has been recognised but is represented purely by .it$ isoands
collection of phonemes representedvhat we can calphonemic coddt is in a mental lexicon where
languagecoming in from the eairis held in phonemic code, and this area can therefore be caltedidory
input lexicon

The sounds have been heard and recognised as speelnguagassounds. We still have no meaning, at

this point, however we have not yet understood the speech. The phonemically coded bits and pieces of
languageassounds must be sent further, to area 5 on figure 2.1, whichlsntpeage association aredhis

is where languagasmeaning is stored; is the site of theemantic lexiconin it the phonemically coded

units of languag@ssounds access and activate their counterparts representing laagumaganing, as

semantic units. At this point the language has been translated from laragsagendin phonemic code into
languageasmeaning into semantic codéWhen 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 itrudes at this point; have we really reached any meaning without further associating the bald

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

heard (6donét forget vy o Ueatheystilirdmaih meanngless, philosophically 6 ) wi t h
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
speeh (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 Ohtaséat perfbaetmpt 6l seaebhpwhat hewas
sabd6 [ mu mbldwades angode manage to read handwriting, especially mine? This is a practically and
theoretically important question and one elegant and plausible answep#ttdra associatonetwork A

pattern associator network is a small network of interconnected neuras;zh net enabling one mental
representation to be translated correctly into anetphonemically coded language into semantically coded
language, for example, ordtpicture 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 RumethittClelland 1986 vol. 1 pp.

33-37.)

Understanding text: From symbol to meaning.

Theneuropsychologyfor 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 symbgisaphemesYou 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 lef@ (+ or
examplealsopA, $, %, &, @, LJ, I, I etc.). The eyes pass the
the page, to the visual cortex, actually at the very back of the brain, istia¢ association arehich is at

area 3on figure 2.1 Here the initial angkis into mental representations of symbolic langudgeguageas
symbol- begins. Text is recognised as linguistic symbols and this information is then passesitalibe
association areavhich is at area 4 on figure 2.1. Here, the symbols are atsteiad recognised as units of
languageassymbol. This incoming language is being represented purely as symbols, as graphemes, and is,
perforce, ingraphemic codeAt this moment it is onlya collection of graphemes represenitedraphemic

code. Itis gaphemically coded languageming in from the eyes and preseriiid in a mental lexicon we

can call thevisual input lexicon

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

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

di fficult or words are very new we&holewodsarktllepst 6r eadd mu
mor phemes. You read t hdeki fwioircdwsl téée xmuecph emhseinert,exand sper |



did the names O6Rumel hart and McClellandd. This opens
more later. Cognitive psychology has real answers.)

However, getting back to our graphentiggoded language: Just as before, we still have no meaning for this
languageassymbols; we only have linguistic symbols in graphemic code in the visual input lexicon. To reach

meaning we must again pass this data furtfierm that lexicon to the semtmlexicon. Each graphemically

coded item of language must access its semantically coded equivalent in the semantic lexicon, at which point
languageassymbol (graphemically coded language) has activated langasgageaning (semantically coded

language) ad we can say that the text has been understood and we have read to meaning. (With the same
philosophical proviso as previously noted, of coursaless | appropriately associate the semantically coded

|l anguage | lowbatteryjyau shouldimenediitely change your battery or switch to outlet

power €é06) with my real life it stildl has no genuine m

Let us consider one more diversion from our main argupaentt ast er f or chapter threeds
brief glance at the afent, but still fulminating, controversy of whether we read (or spell) primarily by visual

or phonic attack. Let usudly and clearlynote that the route to reading we have just examined (visual

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

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

route made no reference to sound whatsoever (though spreading activafiaelhreverbeate further and

reach it). The text reached meaning directly from visual representation of laragsgabol (graphemically

coded language) to languagemeaning (semantically coded language). It went directly from paggetto

visual input lexicon teemantic 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 wordgyldasome or
apocopeAn alternativethough slowerclunkierandmore expensiverouteenables us to read by sound. It

takes text first to graphemic code in the visual input lexiesrit mustputthen to aconversion linka

translation service, in effect, translating graphemic codepintmemic code) then, in phonemic code, to the
auditory input lexicon and only then to meaning in the semantic lexgmmnfigure 3.3 in chapter.3j other

words, decoding text to graphemtanslating these representations into representations ofsauoadising
theserepresentations agoundgo reach meaning. This more roundabout route, sometimes called the
sublexicalroute, delivers what is callessembledeading. Being less economical, and less elegant, we can
assert that assembled reading isi@imtly 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 Edadynot necessary except for words
which are compl ex, or new to the r eadoerr 6 Taanfdt Gmu.st be

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

secondary or as a O6useful second passd6 (e.g. in Adams 199
Rayner and Pollatsek 1989) or as part of the probably flexibly apgliekroute strategy (read primarily

visually when text is familiarphonically when exé& support is necessary). (Adams 1990, Coltheteat

1993, Deckeet al2003, 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

contirues to be hot, sometimes virulent, argument, at chalkfaces, in the media and in government
departments. We wil/| more thoroughly examine this con

We have known for over a century that mental lexicons aatoanically 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 ploodemior

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, fal991 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, numileycmore 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 (wriiig) th€se we first have

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

form of | anguage. To come up with something to say, i
activates this mean@? From where does the original impulse to access these words come? How could any of

this star®? 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 pointatwhithd have, in fact, thought
and decided either to put it in writing or utter it a
semantic lexicon and am ready to go.

These activated representations of langeeg@eaning, languge 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 | 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 whiét @ause my hand to move in such a way that | write my

meaning down. The semantically coded langt@gmeaning is translated into motor coded langtage
handmovementand | write my meaning. Should | wish to speakmeaning | must send the data, the
semantically coded languagssme ani ng, from the semantic | exicon at ar
There, appropriate instructions to the muscle groups responsible for the production of speech will be produced
and distributed; the semantically codeddaage will be translated into motor coded langteggpeech

movements and | will speak my words.

To write, | activate languaggsmeaning, in semantic code, translate it in the hand motor area into

instructions to the groups of muscles which write, armite my meaning into symbol. To speak, | activate
languageasme ani ng, in semantic code, translate it in Broca
which enable me to speak, and speak my meaning as sound.

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

The procedures | have described which enabled me to write my meaning made no reference to sound. | took
semantically coded language directly to the hand motor area and that are@detiegor instructions to my

hand. | was not required to activate phonemically coded language at any point. This is the masutérect

from meaning to writing. It is a direct, or lexical, route. This direct route is obvioustheepesand

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

in usual circumstanceMy activation of semantically coded language may reverberate as far as sound in my

brain, it may also activate phonemically codedlamgge i n t here and | may Ohear 6 wi
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. Perhapsarfigplex! write easy

|l anguage such as 61 wil!/l speak my wordsdé using di rect
attempt Oactivation of s e mdlexiblydegoy ddyatrauedrateyy?Tisn guage 6 ?
thinking will be germando our discussion of the whole language vs. phonics controverisyfe 6 r eadi ng war s
in chapter three.

To summarisehe first two chapterthus far:

We have glanced at the wirindiow 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. Weehexamined the various mental lexicons which correspond to

the various logically d#uced 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 pahdstuss 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 sai@ @loud, 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 imomenaetl 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 conspptading activatiomnd

cascading analysiggether withtop-downandbottomup 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 withspreading activationThis is a simple, and objectivel{paious, feature of the wiring of the

little grey cell s. Drop any idea into your head (say
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 specificbubw ch you candét recall right now. Often
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 ssdoCiae 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 knowedge 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 statiah (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 psychojargodatory

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

br ai nods -isalilitytoidomlatsrof different things all at the same time. Spreading activation spreads
activation; that is, it sets off othewdi 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 goilgetmg dealt with.

Your brain works, in fact, in parallel, distributedway. 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 ispabte 3

only one item at a time, serially and ponderously (and see notes to chaptéosiinconscious, 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 uelated matters and communicating with each other about their conclusions as
appropriate with no direction from 6usdé6 at all and wi
tennis stafrom chapter one€lid it unconsciouslyThere was nothingke enough time for conscious thought.)

This is the colossal power péralleldistributedprocessingor PDP (Rumelhart and McClelland 1986 and
McClelland and Rumelhart 1986). Grand slam tennis, and literacy, are simple tricks to an apparatus so large
andso massively interconnected.

Top-down and bottorup processing.

Bottomup processings the somewhat simplistic idea that your brain makes up its mind as to what is going

on based solely on evidence. Bottomtheory sees the mind as a blank and inosrargan, 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 evidece. Decisiormaking 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 ntt effeontext; no speculative inferences will be

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



Top-down processingnvisages a far more proactive mind. Your-timwvn mind is seen as actively

formulating hypotheses all the time as to what mighgoing 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 interregatelémce 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 talkhings usefully or entertainingfgrward 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 ofriaéth 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
information can only be relevant to something.)

Your mind is probably a curious, selectivadgiroactive hypothesigenerating device continually searching
for that minimum of data which will enable it to confirm or refute its hypotheses. Your mind probably
interrogates the worldnceasinglyhowever it probablydoes not examine all of everythipgesented to it,
but &éskimsd incoming data intelligently.

We can easily see how t@jpwn processing enables us to make good decisions quickly, based on much less,

or less perfect, information than if we had to rely on pure -dat&n, bottoraup procesing. An example:

my son is wupstairs in his room playing the O6Sergeant
the sound of the music such that | can barely hear it. It is, though, an album | know backwards. | feel | can

hear the words anahusic clearly. This is nonsense, though. The truth is that | know it so well that | 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 librarye at | esd musi c, what | am al most a
tiny amount of real evidence | actually have is enough for me to experience it almost fully. If my son were to

play an albun know less intimately would experience nothing beyond very distamirsls.

A silly oversimplification as another example:

When we first arrive approtessing wonldha i that dusminpsaret y, bott om
completely taken up deciphering the immediate and are free from any preconceived ideas as tghtvbat mi

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 br ioghtplay.t yd Ah g 'Ha dwd hseayhouse contained sh
have been much surprised as we had nd@raed 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 t

see people roaring at each other across many decildesiofrock. We gather just enough evidence to

confirm this hypothesis (which, given the size and nu
and can immediately begin searching forendata 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

probalty use a variable mix of teadown and bottorup processing. Some situations are highly predictable

(Sergeant Pepper, for example, or getting up in the morning). In predictablnaeth situations like these

a skeleton minimum of actual data will suffisech that we get the experience experienced gothdone.

Other, more novel, situations will demand that better attention be paid to incoming data, to new information.

Had Joe and Saraés house actually b®é&ndanfentdly of sheep,
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 afoveltyversusfamiliarity. Reading a romance or whodunit, for example, demands
relatively little attention. Therae r el ati vely few new ideas or details. )
can read it very fast and very waelith little application and intermittertttention This is why such reading

suits airport lounges andilway carriags. Contrast reading@aperon, 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 bottemp data collection. Skimming andaittention 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 theraésy little. (If you are a civil engineet,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?



Cascadindeatureanaysis.

If we really do use a mix of tedown and bottorup 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 focascading feature analysieading model as proposed by Rumelhart and
McClelland (1986). They not only proposed this model, but built it into a computer simulation. Their program

6reads6 a vocabulary of some 12d@®simplevand abrssistenfscriptour | et t e
Within these rather limited parameters the machine reads accurately and swiftly. By altering the text it can be

induced to make 6guessesd6 and errors. These are remar
circumstane s . I'ts reading 6behaviourd resembles ours. The

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,athaless, 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 inhibitoryannection (an off or dimmer switch)

(RumelhartandMcClelland 19, as cited in Ellis 1984 and many other texts.)

TEXT

feature level

letter level

word level

Figure 2.2RumelhartandMcClelland's model of word recognition by cascading feature analysis.

This model is, like so many biological processes, complicatedly simple. In other words the constitaerit par

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 singpthings simultaneously, you can achieve the complex thing very

rapidly, too. Cognitive psychology shows us that this complex coordination of a multitude of simultaneous

min-achi evements may 6si mpdfthedpatieras obconnedtis bdtweenditfie geyh e wi r i ng



cells or neur al nets; O6ésimplyd a function of the shap
experience and learning. Build the right circuits and the thing is automatic. Learning something is presumed

to be the laing down of this circuit, this net of connections, rather than that one. Brave readers may like to
considerchaos theoryn an attempt to explain the development of mind from matter in this astonishing way.

In such case, try Abraham and Gilgen (1995) biat fook 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?

| need you to notthat the model is entirely mute. It reads visually, making no referersmutals. It

simulatesin other wordsdirect, 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, &urve 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 syandols on the

diagram indicate this). Letters are rapidiyd efficiently recognised ithis paradigm. Suppose, for example, a
letter appears and a down stroRdqgfidentified. 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 stepkRepresentations 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 narroweddwn to a probable B, E, F, H, L, T, tfoiRecognition 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 contaiti@liattery 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 circdits or,

biological termsneural netsor pattern associator networks, then it is also an automatic and robust $ystem.

will also cope well with imperfect material (and see notes to this chaPteci the circuits, the neural nets,

have been built (which iwhat learning is, in this paradigm) then the ensuing use of them is forever

automatic. Letter recognition will have becomas itisin fact,s o met hi ng we o6do wi t hout t hi

It is time to interject another short deviation to examine what seeniistaidht, 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
recoqnition 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 prfyavould 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 whatdbig. We do

this, onthe strength ofusta 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 amdrs. 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 wgpwgan 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 déquestions6 (and, aprobaby quiteawskeortistevdl do). Wet h | et t er
probably apply the shortlist to the evidence, to the data coming in, and accept featurdshey 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 (veryoctca® nal | y we do) get it wrong, but it pr
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 angie evety circumstance, our

brains would have to be the size of large watermélansr d we st i |l |l woul dndt be abl e



we had not seen before in exactly that situation. (You may pursue the advantagey tfinkingn 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 &xcite word (or morpheme or letter pattern) units which share features

with them and wil. begin to inhibit those which donot
in a row, each letter incorporating a circle, the first with a line runafyom it and the last with a line

running down. Letters like o, a, p, g, 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 procedae leen bottomp. 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 moilely 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. Thisiddom reading, usingthmi ndé6s content, incl U
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 i?

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 tolown reaing. Such reading may be done almost wholly bottgr 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 knowlaugeasingly matters, and reading becomes

more biased towards a ta@pwn 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 farterastive
compensatoryradeoff between bottorup and topdown readindStanovich West and Freeman 1981,

Stanovich 2000) of which more in chapter four.

The procedure we have describeéesture analysis in cascadk is called this because botteup feature

identification traveling one way and t@jmwn 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 tweway activity, final deaion 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 (muahwindimg, for example).



Cascading feature analysis as described here may well be very much like what we really do when reading,
etter.
need to identify every letter fully in order to read. It is even probable that we cannot read to meaning and

except that we probably dondét read | etter by I

separately identify letters both at the same time. Consider figure 2.3 for a moment.

Figure 2.3 An O6ambiguousd figure.

Well, what did you se? 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 timether words, you may either see letters or words, but

you cané6ét see them simultaneousl y. It is not possible

same time. You may see different things in the same stimulus (you may see lettensmaryysee 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 tfio aspects of a stimulus at once.)

You are also probably familiar with the entertaining example of wivolel reading, as opposed to letter
reading, which turned up imy email oneastonishingnorning. It read something like figure 2.4:

Try reading his!

Aoccdrnig to rseerach at Cmabrigde Uinervtisy]|

olny iprmoant tnihg is taht the frist and Isat Itteer be in the rghit pclae. The rset can be a toatl mses and you

can still raed it wouthitifificluty. 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 6Jumbled.

It was easy for all to see, from this astonishing email, that when we read we read whole wotddtraig

meaning, much of the time. Fluent readers are obviously not much concerned with individual letters or their

pl acement in words. I f | had written this book
would only falter with new or difficlh words such as hippocampus, or Caerphilly perhaps. (It should be

t

n

deo

6j u

mentioned that the reference to research at Cmabrigde

is still veryinstructive fun, though.)



And why (going all the way back to fesie analysis), if we operate by seeking identifying features in letters,
should we not do exactly the same for whole words? (That is exactly what | was probably doing when | read
that email.) Supposing that in order to identify letters, which commoebept in so many different forms,

we apply a list of 12 testsdoes 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 ¢éreadé differently
have beelmgnoring the detail of letters and reading words whole (and using context of course).

Figure 2.6

L ters, anyw ay often disappear altogether. You read
t iondé in 6s

E a uigglesnirbwhibhdetters ate bacety imted ate r e s @

o

et
he
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 6depl etsuchtextgout 6 easy en
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 legility.



