
CHAPTER 1

INTRODUCTION

“ Youhavebeenin Afghanistan, I perceive.”
SherlockHolmeshadjust beenintroducedto Dr. JohnWatson
andhisperceptionwastheresultof thefollowing chainof deductiveandinductivereasoning:
By introduction, a medicalman;
By observation, of military bearing.
Therefore, likely anarmydoctor.
By observation, darkskinwith whitewrists.
Therefore, sun-tanned; therefore, probablyjust backfromthetropics.
By observation, haggardfacewith stiff arm.
Therefore, probablywounded.
Generalknowledge: War in Afghanistan.

“Perception” : Army surgeonfrom Afghanistan.

PERCEPTION

A greatperceiverwasSherlockHolmes. Or washe an observer? Few peoplewould volunteerthe
definitive distinctionbetweentheseterms, but that is thesortof activity we mustundertakeif we areto
examinetheverypith andcoreof theprocessof perception– which is a cardinalaim of this book.

If youdiscriminatebetweentheloudnessof two tones, areyouengagingin anactof perception?
If you readon your monitor that an atom in an excitedstatehasjust releaseda photonor light

particle, haveyouperceivedthequantumevent?
If a sourceof light is made1000 timesmoreintense(that is, it releases1000 timesmoreenergyper

unit time in theform of light), it mayappearonly about10 timesbrighter. Doesthis phenomenonhave
anythingto dowith therapiditywith whichyoucanstopyourcarat a stoplight?

Will extraterrestrialcreatures(if theyexist) be limited, asterrestrialcreaturesare, to receiveabout
log2(2p) bits of informationby perceivinga flashof light?

Is therea correctionfactor requiredin the theoryof evolution introducedby the evolutionof the
creatureswhoare, themselves, formulatingthetheoryof evolution?

Does the now-vanishedodor of wet paint which permeatedthe room only a momentago have
anythingto dowith theopticalillusion producedby theNeckercubeshownin Figure17.1?

Canwe possiblyconstructmachinesthatperceive, or only machinesthatobserve? (Thatdistinction
again.)

Is it possibletheFechner’s andStevens’ lawsarejust differentapproximationsof thesamesensory
law?

The answerthat I shall suggestto eachof the abovequestionsis “Yes.” I raise thesetitillating
issuesprematurelyand out of sequencein an unabashedattemptto captureyour imagination, and to
illustrate the processof unification within and amongthe sciencesthat we shall pursuethroughour
study of perception. I am also raising these“glamorous” questionsnow so that the readermay keep
themin mind asweproceedthroughsomeratherhardsloggingin theearlychaptersof thebook.

We shallspendmuchof our effort, particularlyin thecentralchapters, in thestudyof rathersimple,
“atomistic” aspectsof perception. We shallconfineour attentionto stimuli of thesimplestkind: signals
of the“ intensity” type, suchastheintensityof a light signalor thedensityof anodorantgas. Moreover,
the discussionwill remainconfinedto stimuli that areappliedin the form of a stepfunction (Figure
1.1). Only in thelaterchapterswill we relaxthatrestriction.
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1. Introduction 2

Figure 1.1 The type of stimulusdealt with in this book is in the form of a stepfunction in
intensityappliedat t = 0. It is representedby

Intensity = 0 , t < 0

= I , t > 0 .

This is a theoreticaltreatise. The generalapproach, I think, is that of the physicist. A year of
calculusandthe introductoryconceptsof statisticswill takeyou a long way, andmanypsychologists
aroundtheworld havebeenableto get to theheartof thetheory. In somecases, detailedmathematical
argumentshavebeenrelegatedto ªboxesº or appendices. Thereis a distinctionbetweenthe material
placed in boxes and that in appendices. The material in the boxes is necessaryfor thorough
understandingof the theory, while that in the appendicescanbe skippedor the conclusionstakenfor
granted. However, I wantedthecompletemathematicalargumentto bepresentin thebook.

Occasionally, I have found it convenientto assigntwo different equationnumbersto the same
equationwhen it appearsin different partsof the text. To remind the readerof the dual assignmentI
have used the slash. For example, "(A4.7) / (4.21)" meansthat Equation (A4.7) is identical with
Equation(4.21).

Although the developmentpresentedis completely theoretical, in the sense that no new
experimentaldataaregiven, all derivedequationswill bevalidatedusingmeasureddataobtainedfrom
the publishedliterature, or by courtesyof a colleague. In this latter respect– the fastidiousinsistence
upon testing theoreticalresultsagainstmeasureddata – the current work differs from many other
theoreticalstudiesonperception.

In the courseof this book, I shall be discussingmany of the sensorysystems, not just a single
modality. The feature that I invoke to unify the sensesis the conceptof ªinformation.º Although
temperaturereceptors, mechanoreceptors, light receptors, ..., eachtransducea particularform of energy
into neuralsignals(actionpotentials), nonetheless, all receptorstransmitinformationfrom theso-called
ªexternalworldº to the centralnervoussystem. So ªinformationº is a universalcurrencyin which we
shall trade. Psychologists, in particular, often respondto the effect that informationhasalreadybeen
weighedasa tool for exploringthesenses, andhasbeenfoundwanting. However, themannerin which
I shallapply the theoryof informationhereis very different from anythingadvancedin the1950' s and
1960' s. Onecould, I suspect, dispensetotally with the termsªinformationº andªinformationtheoryº,
and proceeddirectly from the statisticalmechanicaltreatmentof entropy as introducedby Ludwig
Boltzmanntoward the end of the nineteenthcentury. I felt, though, that Boltzmann' s methodsmight
seemtoo remote, and Shannon' s information theoreticalterminology would soundsomewhatmore
familiar. So I have tried, where possible, to use familiar Shannonianterms such as ªchannel,º
ªtransmissionof information,º andªbit.º

The ideasthat I am going to presentin this book arosemany yearsago when I first studiedthe
philosophicalwork of GeorgeBerkeley, in particularªA TreatiseConcerningthePrinciplesof Human
Knowledge.º But I am afraid to beginthis book with Berkeley, becausemanypeoplewould approach
his work with preconceptions, which I amanxiousto alter. SoI shallstatetheassumptionsfundamental
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1. Introduction 3

Figure 1.2 Flow diagramfor this book. We beginon a philosophicalnote, but soonbecome
technical. As we approachtheend, we againbecomephilosophicalaswe try to placethesubject
matterin perspective.

to my modelof perceptionin theearlychapterswithout describingexplicitly how I cameto formulate
them. Then, later in the book, I shall confessmy debtto the venerablephilosopher, andshowyou the
lineageof my thinking.

Philosophically, the currentwork is complementaryto that put forward by the late David Marr
(1982), whostated: ª Froma philosophicalpoint of view, theapproachthatI describeis anextensionof
what havesometimesbeencalledrepresentationaltheoriesof mind. On the whole, it rejectsthe more
recent excursionsinto the philosophy of perception, with their argumentsabout sense-data, the
moleculesof perception, andthevalidity of whatthesensestell us; instead, this approachlooksbackto
an older view, accordingto which the sensesarefor the mostpart concernedwith telling onewhat is
there.º In this bookby contrast, we shall, indeed, querytherelationshipbetweenperceptsandthemind
thatperceives. As we shall see, this will leadus to view themind in a mannerquitedifferent from the
usual. The philosophy will be discussed, however, only when we have glimpsed the rather
extraordinarypower of the new view of perception. Figure 1.2 may help to clarify the order of
approach.

Sincemy readerswill havedifferent educationalbackgrounds, I haveintroducedchaptersdealing
with more elementarymaterial that may be familiar to someand not to others. I devotequite some
space(about threechapters) to developingthe rudimentsof information theory, all of which can be
skippedoverby thereaderwho is knowledgeablein thesematters. I havealsodevotedChapter3 to the
descriptionof variousphysiologicaland psychologicalexperimentsdealingwith the specialsenses.
Theseexperimentsare the oneson which we shall later test our theoreticalstructure; they are, so to
speak, grist for themill . Althoughthechapterthatdealswith experimentsis intendedprimarily for the
psychophysicallynaïve, there are facets of the classicalanalysisof experimentsthat are, in my
experience, not familiar to all practising psychophysicists. The final chapter, dealing with
extrapolations, extendsfar beyondthe atomisticperceptsassociatedwith stimuli of the intensitytype.
Herewe relaxour requirementfor mathematicalrigor andgive freeventto imagination.

Figure 1.2 is a flow diagramthat guidesus throughthe book. Notice that the flow of thoughtis
cyclical, beginningwith the selection(not derivation) of an equation, F = kH, andfinally comingfull
cycle backto this sameblock, but now with philosophicalbasisfor the equation. We might notealso
thatthecentralblock, dealingwith experimentalvalidation, occupiessomefive chapters(10 through14
inclusive). Pleasenotice, also, thatthefinal two blockson theleft-handsideof theflow diagramshould
be approachedin sequence. That is, they shouldbe readafter the remainderof the book hasbeen
digested.

Let me now state, asexplicitly as I can, oneof the main objectivesof this book. Throughoutthe
past century and a half, rather a large number of empirical equationshave been formulated by
psychologistsandphysiologistsstudyingsensoryphenomena. Empirical equationsareequationsbased
purelyon measurement. Theyareconvenientdescriptionsof data, but descriptionsfor which therehas
been no general explanation. One of the earliest of these empirical equationsis Weber' s law,
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1. Introduction 4

Figure 1.3 A quantity of gas containedwithin a cylinder. A piston servesto compressor
decompressthegas, butnomoleculescanescape.

DI / I = constant.1Another is the Plateau-Brentano-Stevenspower law, F = kIn, etc. In this book, as
well asin thevariousjournalpapersto which it refers, I shallderivethesehithertoempiricallawsfrom
a smallsetof assumptions. In fact I shalltry to derive, from thesamesetof assumptions, all thesensory
laws relatingthreefundamentalpsychophysiological2 variables. Unification of the lawsof sensationis
oneof my primaryobjectives.

To the physicistsamongmy readership, unification needsno further elaboration; the conceptof
unification of the fundamentalphysicalforces, etc. is abundantlyclear. However, I havefound that to
the biological andsocialscientiststhis term is far from familiar. So with the latter groupin mind, let
me try to demonstrateboth the meaningand the power behind the processof unification. I shall
proceedby usingananalogy.

THE MEANING AND IMPORTOFUNIFICATION OFTHE LAWS OFSCIENCE

I am choosingthe analogyof the ideal gaslaw, that most readerswill haveencounteredat some
time in their elementaryphysicsor chemistrycourses. Let us considerthe experimentrepresentedby
Figure1.3. A quantityof gasis containedwithin a cylinder. The gascanbe compressedby driving a
piston inward, or rarefiedby pulling the piston outwards. No moleculesof gascan escapefrom the
cylinder. Theidealgaslaw (or Boyle-Gay-Lussaclaw) statesthat

PV = nRT,     (1.1)

whereP is thepressureof thegas, V is thevolumeit occupies, n is thenumberof molesof gas, R is the
gasconstant, andT the absolutetemperature. Let us confinethe discussionto a singlemole of gasin
orderto simplify theequation.

Consider, now, threesimple experimentsthat we can perform on the gas. Eachexperimentwill
involvestudieson thethreestatevariablesP, V andT.

Figure 1.4 Charles' Law for an ideal gas. Pressurevaries as absolutetemperaturewhen
volumeis heldconstant.
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1. Introduction 5

In thefirst experimentwemaintainthevolumeof thegasat a constantvalue(by fixing thepistonin
place), andwe studythemannerin which pressurechangeswith temperature. FromEquation(1.1) we
obtain

P µ T ,     (1.2)

pressurevariesdirectlywith temperature(Figure1.4), whichwe recognizeasCharles' law.
In thesecondexperiment, we hold thetemperatureof thegasat a constantvalue, andwe studyhow

pressurechangeswith volume. FromEquation(1.1),

P µ 1/V ,     (1.3)

pressurevariesinverselywith volume, whichwe recognizeasBoyle' s law.
In thethird experiment, we againhold volumeconstant, but now we proceedsomewhatdifferently.

Recallingthatn = 1, wedifferentiateEquation(1.1) with respectto P :

dT
dP

= V
R

.

Representingthedifferentials, dP anddTby their respectivefinite differences,

DT = V
R

DP .

Finally, dividing by T, weobtain

DT
T

= V
R

DP 1
T

or
DT
T

µ 1
T

.     (1.4)

That is, supposethat we conductan experimentin which volumeis held constantandpressureis
changedby a small, but alwaysconstantamount, DP. Thenthefractionalchangein temperature, DT/T,
will , by Equation(1.4), vary inverselywith T, asshownin Figure1.5.

Threeexperiments: threevariables. The reasonfor selectingtheseparticularexperimentsis that
they can be considered as analogs of certain well-known psychophysical experiments: the
demonstrationof the ªlaw of sensation,º of the principle of adaptation, and of the Weber fraction
respectively. We shalldealwith thepsychophysicalexperimentsin Chapter3, but, for themoment, let
usfix ourattentionon theanalogs. Theyillustratesomevaluablelessons.

Figure 1.5 The volumeof an ideal gasis held constant. Whenpressureis changedby a fixed
amount, DP, thefractionalchangein temperature, DT/T, variesinverselywith temperature, T.
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1. Introduction 6

(a) Unification
The first thing to observeis that the single, parentequation, PV = RT (n = 1), embracesall three

typesof experiment: P µ T, P µ 1/V, andDT/T µ 1/T. Knowledgeof theparentequationpermitsus
to deriveeachof the threedaughterequations, and, hence, to predict the resultsof eachof the three
types of experiment. Not only does it predict the results of the three selectedexperimentsbut,
presumably, of all the experimentsever performed, and of all the experimentsthat ever will be
performed(within certain limits) involving the variablesP, V and T. That is, the parentor master
equationis a greatunifying concept.

(b) Physicalinsight
The equationPV = RT might havecarriedout its unifying function even if it had remainedan

empirical equation: a rule that just happenedto work. However, with the adventof the branchof
physicscalled kinetic theory, it becamepossibleto derive this equationfrom the assumedkinetic
propertiesof molecules. The emergenceof PV = RT from the kinetic theory of moleculesenhanced
confidencein the molecularmodel of matterthat was still debatedat the beginningof the twentieth
century. Thus, the ability to derive a masteror unifying equationfrom a mathematicalmodel of a
physicalsystembuildsconfidencein theveracityof themodel.

(c) Conservationlaws
The derivation of PV = RT from kinetic theory was even more remarkablebecauseof an

extraordinaryfeatureof this derivation. The derivationdoesnot in any way requireknowledgeof the
intermolecularforces or even of the volume occupiedby a molecule. It requiresonly laws of the
conservationor balancetype; namelythe conservationof mass(or particles) in a closedchamber, and
the conservationof energy in an elastic collision when the gas is in thermal equilibrium. These
conservationlaws, coupledwith the Newtonianconceptof force asrateof changeof momentum, and
theprincipleof equipartitionof energy, permit thederivation3 of PV = RT. Detailedknowledgeof the
intermolecularforcesis not neededfor theargument.

LAWS OFCONSERVATIONAND LAWS OFMECHANISM

When the nature of the forces betweenmoleculesbecameknown, our understandingof gas
dynamicswas, of course, enhanced. Our modelof thegaseousstatewould not becompleteif it did not
contain provision for both elements: conservationor balancelaws and mechanisticlaws governing
forces. These two types of law are complementary; they work together. There is absolutely no
antagonismbetweenthem.

To underscorethe complementarynatureof laws of conservationand of mechanism, I offer a
furtherexample. Supposethatsomechemicalreactionis depictedasfollows:

Reagents® Products.

Without knowing any details of the mechanismof the reaction, we can invoke the law of
conservationof mass, whichstatesthat(in theabsenceof nuclearreactions)

total massof reagents= total massof products.

If , at a later time, we cometo understandthe mechanismor explicit form of the reaction, we can
write, say,

A + B ® C + D

reagents® products.

We shall thenunderstandthe reactionexplicitly, in termsof specifiedmolecularcomponents, but
we shallnot, in theprocess, haveinvalidatedthe law of conservationof mass. The law of conservation
requireda correspondinglaw of mechanismto completethepicture; thetwo lawswork together.
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1. Introduction 7

Why amI dwelling on therelationshipbetweenthesetwo typesof law? This will becomecleareras
we move forward. We shall derive, in later chapters, a masteror parentequationfor the processof
sensation. This masteror parentlaw, from which we shallderive, andthereforeunify, manyof thelaws
of sensationandperception, is a law of theconservationtype. It states, effectively, that the information
contentof a stimulusis relayed, with negligible loss, to the sensoryreceptorandthenceto the brain.
That is, it is an equationof information balance. It must be understoodclearly that this law of
conservation,

informationof stimulus= informationrelayedto brain

does not in any way concernmechanism. That is, one must still work toward understandingthe
mechanismof operationof thesensoryreceptors; but suchmechanismscomplementanddo not replace
theprincipleof informationbalance. Enoughsaid.

NOTES

1. Don' t worry if theselawsareunfamiliar. Theywill bedefinedin duecourse.
2. Neologism: Psychophysical+ Physiological= Psychophysiological
3. NeedI saythata few detailshavebeenomitted?
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