
PREFACE

I recall that as I lay in my room with a migraineheadachein December, 1958, an idea cameto
mind. There was, naturally, a certain period of time requiredfor developmentof this idea, which
accountsfor the modestdelay in bringing it to print, but hereit sits beforeyou now. In the interim, I
havepublisheda numberof paperson the subjectin the various journals. However, thereare gaps
betweenthepapersandthereis a bodyof knowledgethatmustbeassimilatedbeforethesepaperscan
evenbe read. With this book, I havetried to fill thesegapsandprovidethe fundamentalbodyof basic
knowledge. Theideahasmaturedthroughtheyears, sothatmy earlypaperson thesubjectnow seemto
measquaint, primitive, andsometimesa trifle embarrassing. This bookupdatesthings.

I presentherea theoryof perceptionwhich is baseduponthepremisethata perceiveris necessary
if thereis to bea world externalto this perceiver. Couchedin otherlanguage, theexistenceof theworld
is relative, in someway, to theperceiverof thatworld. My debtto GeorgeBerkeleyis supreme.

Taking this philosophy of perceptualrelativity as a given, my first problem was to find a
mathematicalstructurethat would supportit. After rathera lot of searchingI did find a candidatefor
sucha mathematicalstructure– onethat did not dissolvein the next migraine– andmy problemwas
thento testor validateit.

I chosethe field of sensoryscience(neurophysiologyand psychophysics) as a proving-ground
becausethis field is repletewith empiricalequations– that is, equationsthatdescribeexperiments, but
which arewithout anyknowntheoreticalbasis. If my candidatefor mathematicalstructurewasa good
one, it should permit derivation, from this mathematicalbase, of all (or many) of the empirical
equationsof sensoryscience, andshouldprovidea degreeof conceptualunity to the field of sensory
science.

Pleasenoticethat I haveavoidedusingthetermmathematicalmodelfor thestructurein question. I
havethe feeling thata mathematicalmodelis somethingcreatedby themodeler, thathecanmodify to
suit his desires. Like clay in thepotter’s hands. I haveno suchfeelingswith regardto themathematical
structurepresentedhere. I feel moreasif I have“unearthed” the structureor, at best, discoveredit. It
wasthereall along, andI just found it. It is not really mine to modify at my whim. It is too simpleand
too fundamentala concept.

For whom is this book intended? I think it is for thosewith a keendesireto understandwhat is
meant by perceptionor sensation– not specifically this perceptualphenomenonor that sensory
mechanism, but somethingcloserto the fundamentalnatureof the perceptualprocess, the conscious
apprehensionof theworld by a living (or non-living!) creature. But beforeyou sayto yourself“That’s
me for sure!” (you would neversayto yourself “That is I!” ) you hadbetterconsiderthe overhead. If
your backgroundis largely in the physicalsciences, is your desirepowerful enoughto impel you to
study – not just read – the purely physiological and psychologicalchaptersof this book before
proceedingto the more physically oriented material? And if your backgroundis in biology or
psychology, are you preparedto take the time to brushup on, or learn de novo, the necessarybasic
mathematics? You don’ t needa lot of mathematicalknowledgeto get throughthis book, but you do
requireat leastonecourseon basiccalculusandsomeintroductorymathematicalstatistics. Experience
hasshownme that it is absolutelymandatory, for comprehensionof this material, to understand(a)
logarithmsandexponentials, and(b) the Taylor seriesin onevariable. With respectto the latter, you
shouldbe able to expand, for example, ex or ln(1 + x), - 1 < x £ 1, in a Taylor series. Not exactly
highermathematics, but at leastthatlevel is requiredto follow whatis containedon thesepages.

The book is intendedfor psychophysicistsandphysicists, for sensoryphysiologists, for engineers
and computerscientistsinterestedin perceptualphenomena, and for anyonewith a desireto explore
sensationandperceptionfrom a newperspective. Thematerialin this bookhasformedpartof a course
givenyearlyto seniorundergraduatesin theDepartmentof Physiology, andto studentsin theSchoolof
GraduateStudiesat the University of Toronto. Among the offeringsof this book areexplanationsof
why both Fechner’s andStevens’ laws arevalid, to differing degrees, in different circumstances; why
wecanreactmorerapidly to a moreintensestimulus; andhowperceptionin thebiologicalsensecanbe
relatedto “quantumobservation” , asexpressedin quantummechanics.

Information, SensationandPerception. Ó KennethH. Norwich, 2003. ix



Preface x

Chapter1 providessomeorientation. Chapter2 introducestheentropictheoryof perception, which,
I hope, will encouragethe readerto study the next six chaptersof backgroundmaterial in depth.
Chapters3 to 8 providebackgroundin sensoryscience, thermodynamicsandstatisticalmechanics, and
informationtheory. The readermaychoosefrom thesechaptersto complementhis or herbackground.
For example, a physicsmajordoesnot requiremy ªcrashcourseº in thermodynamics. While Chapter3
providesbasicsensoryscience, it is my experiencethat many sensoryscientistsare not too familiar
with thesequantitativeaspectsof their field. When fortified by the material in Chapters3 to 8, the
readershouldfind no difficulty with Chapter9, wherethefundamentalequationsof theentropictheory
of perceptionare developed. My journal papersoften startedat the level of Chapter9, making the
assumptionthatthereadercouldprovidethenecessarybackground.

Chapters10 to 14 areheavilynumerical, providingtheexperimentaltestingof thetheory. No actof
faith is requiredon the part of the readerto acceptthe validity of the theorythat hasbeendeveloped.
Scoresof experimentalrecordsandgraphsarepresentedin the book. The reader, armedonly with a
pocketcalculator, canconfirm or denythe capabilityof the theoryto explainthe data. Predictionsare
alsomadewhich transcendtheavailabledata.

Fundamentally, I presentherea singleequation, F = kH, anda mathematicalstructurefor H. It is
demonstratedthat from this singleequationfollow mostof theempiricalequationsof psychophysics. I
entreatthe readerto judge the equationnot on its ability to generateany one sensorylaw, suchas
Fechner' s law or thepowerlaw of sensation, which might beimprovedby thead hocadditionof terms,
but by thetotality of its capabilities± theability of a singleequationto accomplishmultiple tasks.

A paralleltheme, begunlater in thebook, is thedevelopmentof theperceptualunit, a structurethat
can, of itself, perceive, or be aware. The approachtakenhereis, in a sense, complementaryto that of
the neural network modelers. In the latter approach, it is hopedthat higher mental functions may
emergefrom the interplayof a largenumberof very simpleunits. In theformer, entropicapproach, the
germof highermentalfunctionis encapsulatedin a singleperceptualunit

Chapters15 and16 give the history of developmentof the entropicidea. That is, chronologically,
onewould placethesechaptersaschapters1 and2. However, I wantedthereaderto samplethepower
of F = kH beforelearningof theoriginsof the idea. Chapter17 is a flight of fancy. While it is easyto
readasa stand-alonechaptersincethereareno equations, I ferventlyhopethatmy readerswill not do
so. The soleclaim of this chapteris that it issuesfrom, or is an extrapolationof, the more restricted
form of the entropytheorywhich makesup the restof the book, andwhich I havestrivenso hard to
validateusingexperimentaldata. Only whenthe extentof validity of the coretheoryis establishedin
the mind of the reader, can he or sheattain the perspectivefrom which to judge the merits of the
extrapolationsofferedin thefinal chapter. Chapter17 mayprovidematerialfor firesidediscussion, but
the readermust not emergefrom readingthis book with the impressionthat it was about cochlear
implantsor Darwinianevolution. I invokedthemetaphorof a dessert, which is last in a meal, but does
not containthegreatestpartof its nourishment.

The book deals with sensationin general, and not with any particular organ of sensation. It
demonstrateshow onemayderivemanyof themathematicallawsof sensationwithoutreferenceto the
mechanismof sensorytransduction. How is sucha thing possible? Surelyyou haveto know how the
organworks beforeyou can makea mathematicalstatementabout its function! Not so. Laws of the
ªconservationº type, such as found in thermodynamics, permit one to formulate mathematical
constraintswithout knowledgeof specificmechanisms.

By wayof analogy, considera rectangulargrid of streetsasshownin themapbelow.
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The grid is divided into 25 squares, representingcity blocks. The north-south streetsare all
one-way streetsleading north, and the east-west streetsare all one-way streetsleading east. An
automobilebeginsat STARTandreachesits destinationat FINISH.

(a) Whatdistancewastraversedby theautomobileasit travelledfrom START to FINISH, without
violating theone-way laws?

(b) Whatroutewastakenby theautomobileasit travelledfrom STARTto FINISH?
Clearly the answerto (a) is 10 blocks, and the answerto (b) is unknown. We know the total

distance covered (analogousto a conservationlaw), but we do not know the exact route (or
ªmechanismº). In the sameway we shall be able to discover, to somedegree, how a tasteor light
receptorrespondsto its specificstimulusby observingthe total amountof informationit receivesfrom
its stimulus(cf. total numberof blocks travelled), but we may not be able to sayanythingaboutthe
anatomyor specificphysiologicalmechanismof thereceptor(cf. exactroutetakenby theautomobile).

I am grateful to a numberof my colleaguesand studentsfor their supportand assistancein the
writing of this book. Particularthanksto (mathematician) BeatriceAebersoldfor proof-readingthefirst
twelve chapterswith specialattentionto mathematicalaccuracy. I am grateful to ProfessorLawrence
Ward for many discussionson the entropy theory, and for his insightful commentson the difficult
Chapter13. Especialthanksto (physicist) Willy Wong for his commentaryon the quantumphysical
sectionsof this book, for his help is carryingout manyof the curve-fits, and for assistancewith the
computerprogrammingthatwasneededto preparemanyof thediagrams. As always, theauthorbears
full responsibilityfor thematerialaspresented.

I am mostgrateful to the NaturalSciencesandEngineeringResearchCouncil of Canadafor their
supportof muchof theresearchon theentropytheoryof perception.
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