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Chapter III: The Canons of Empirical Method.

An examination of insight raxstie not only reveals
the heuristic structures involved in empirical Iinguiry but also
e@Xplains the rules or canons thaat zovern the msa fruitful unioldlng
of the antleipstions of intelllr~ence.

S8ix cenons will be presented, namely, 1) selection,
2) operntions, 3) relevance, 4) parsimony, 5) complcte explanaticn,
and 6) statistlecal residues. There is a canon of selection, for
the & empirical incuirer is confired to insi~his into the data
of sensible expsrience., Tiore 18 a canon of operstions, for he
ains at an accumulntlon of such insirhts, and the msxX accumulation
19 reached, not in the nmatuemstical circuit through insiriis,
formulations, and symbolic imares, but in the fuller circuit
that adds observations, experimen.us, and pract:cal apnlicotions.
There 18 a canon of relevance, for pure science alms immedintely
at reaching the Immanent inteiliribllity of data and leaves to
applied science the cante~ories of final, matsrial, lastrumental,
and efflcient causality. 7There 1s a canon of parsimony, for th
empirical investirator mag add to the dava of exverience only the
laws verified in thre dota; iIn obther woepds hie iz not free to fom
hypotireses in the scyle of Descrrbtes' vortices; bubt muat content
himself with the laws and sysiems of laws, exemplified by Howton's
tiwory of universal gravitation, and characterized renerally
by their verifilability. There is a canon of complete explanation:
RItinxEXy ultimately science must account for all data; ience one
may not say tial colors and sounds, neat and electrical phenomena,
lzave To be explalned, for they are merely aprnrent, secountary
aunlltles, while experienced extenskions and durations do mt
need any explanation, any vhysical or natural seometry, for they
are the v.al and ob'ective primary qualities. Finally, bt.ere 1is
a canon off stabtisticel residues; thourh all data must be explailned,
oneé must not jump to the conclusion that all will be explained by
laws of the classical type; tlere exist Iaws stotistical residues
and thelr explanation is turourh statistical laws,

Before undertaking a fuller account of these
canons, it may not be amiss to recall our viswpolint and purpose.
The roader must nobt exrect ug to retall the nistory of the
develomment of empirical method, nor look for descriptive accounts
of what scienclists do, nor anticipate an arrument based on the
cuthority of great names in science, nor hope for a summary of
direct ives, precepts, and reciies to ruide khaxpr him In the
practice of scientific investic:tion. Our alm still 1s an
ingight into tihe notuve of insisht., Our presumpiion is that
empirical invest.ga.ors are intelligent. Our suprosition will be
that she reader is slready sufficiently familiar with scientific
history and vrocedures, auchoritsetive pronouwncements and practical
directives. OQur single nurpose is to reveal tine invelligible
anity that underlles and accounts for Lhe diverse and aprarently
Gisconnected rules of empirical met..od., Our concern is not
what 1s done, or how it is donse, but why. And our interest
in seeklng the reason why, 18 not to extend methodology but to
unify it, not to unilfy it that mkhx methodology may be improved,
but to unify it In the hope of exhibitine still more clearly
and convincingly the fact and the nature of insicht,
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1. o | First, thers 1s a canon of selection.

If a correlation or hypothesis or law or probabllity
expectation or theory or system pertalns to emplrical science,
then 1} it involves sensible consequences, 2) such conseguences

can be produced or, at least, observed,

Inversely, empirical method prescinda from all
questions and answers that do not Involve distincetlive, senaldls
consecuences; and 1t diseards all that iInvolve such conssquences
logically yebt failkX to be confirmed by the results of observatlon
or experiment.

The necessity of some canom of selectlon is
obvlous, Posslble correlations, hypotheses, laws, probability
expectationg, theories, and systems form an indefinitely large
group. They can be sst up at will by the simple process of
definlvion and postulatlon, But trere 18 no reason why the
empirical Inquirer should Investigeste all the trees in this
endless forest of possible thoughts, and =6 he needs some
canon of selection,

The neatness of the canon of salection 1s no
less clear. Not merely does it execlude at a stroke all the
_// correlations and theories that cannot be relevant to empirical
. " 1t operates progressively and cumnlatively by disecarding all
, The correlations and theorles Hpvvd
~ - trawdiag that possess sgensible consequences by logical lmplication
" . but have been trled and found wanting, Finally, the canon
of selection has its positive aspect; besides ruling the
irrelevant out of consideratlon, It directs the scientist's
efforts to the lssues that he can settle by the decisive
evidence of observation and experiment.

However, the neatnsss and simplicity of the
canon of selectlion can prove a trap for the uwnwary. If the
canon demands sensible consequences, still it 1s satisfied
when those consequences are 80 glight that only an expert
equlipped with elaborabte apparatus can detect them, If the .
senslble concesusnces must be involved by the correlation orx
law or expectation, still graspinc thet Implication may suppose

and lnurlcate mathematical operatvions, and the audaclty necessery
to form new, primitive concerts and to follow long chains of
abstract reasoning. Hence, besldes the hod-men of seclence

that gather the facts, there are also the arciritects of theorles
and systems, If no theory and no system pertains to empirical
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Empirical Canons 1.

science, unless it Involves dlstinctive, sensible conseguences,
st1ll an appropriate division of labor may well result in some
empirical Inquirers devoting most of their time and energy to

the developmoent of concepts and postulates, theorems and corollaries.
Flnally, as the canon of selection 1s not to be misinterpreted

a8 a mere charter for obtuseness, still less 1s it to be taken

a8 an excuse for logienl fallaey. Questlions that do not satlsfy
the canon of selection do not arise within the confines of empirical
seience, but 1t does not follow immedlately that they do not

arlise at all, Tssues that cannot be settled by observation or
experiment cannot he settled by empirical method, but 1t does not
follow lmmediately thet they cannot be settled at all.

“Th Potiitio 5 Ssnthts Data .
1.1 A Two further points call for consideration,

As we have formulated 1it, the canon of selection
demands sensaible conse~nences, Bubt it may be urged that empirical
method, at least In its essential features, should be gpplicable
to the data of consciousness no less than to the data of sense.
Now, on this matter a great deal micht be said, bui the rresent
is not the time for 1t. We have followed the common view that
empirical sclence is concerned with sensibly verifiable lawa and
expectations. If it is true that essentially the same mothod
¢ould e applled to the data of consciousness, then respect for
ordinary usage would require that a method, which only in its
e¢ssentlals 1s the same, be named a generalized empirical method,
1o2 Vibonopakte M0 1o yg urgent issue 1s ramised by the question,
Epat are Senslble data?

o T A datum of sense may be defined as the content
of an act of seelng, hearing, touching, tasting, smelling. But
the difficulty with that definition is that such contents do
not occur In a cognitional vacuum, They emerge within a context
that 1s determined by Intsrests and preoccupations. Nor is
this true merely of ordinary nercentlon, of the millmaid who
laughed at Thales for fallang into the well. It 13 more con-
spiculously true of the sc.entific Thales, so Interested In the
stars, that he dld not advert to the well. Accordingly, it
would be a mistake to suppose that scientific observation is
somo mere pessivity to sense Impressionsg., It occurs within ics
own dgnamic context and the problem is to distingulsh that
cognitional orientation from the orlenvacion of concrete living.

To be alive, then, 1s to be a mure or less auto-
nomoizs center of & activity, It is to deal with 2 succession of
changlng situations; it 1s to do so promptly, efficaciously,
economlcally; it 1s to attend continucusly to the present, to
learn pernebually from the past, to anticipate constantly the
future. Thus, the rlow of sensations, as compleved by memorles
and prolonged by dmaginative acts of anticipation, becomes the
flow of nerceptlons. It is of the latter, perceptual flow that
we ardconscious, It is only when the perceptusl flow goes
wrong that the mere sensation bursts Into consciousness as,
for example, in the experience of trying to go down another
step when already one has rwached the floor.

Now what differentiates the pvrceptual flow in
one man from that of another, 1s found in the pattern of Interests
and objectives, desires nnd fears, that emphasize elements and
aspects of sensible presentatlons, enrich them with the lndividuals's

assoclations and memorles, and project them into future courses
= yo
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of possible, fruiuful gsetivity. In some such fashion, it would
seem, must be explained the differences in the perceptions of
men and women, of people 1n different occupatlons, different
climates, different stares in human history.

Hence, to become a sclentific observer 1s, not
to put an end to perceptlion, but to bring the raw materials
0of one's sensations wivhin a new context. The interests and
hopes, desir.s and fears, of ordinary living have to slip Into
a background, In thelr place the detached and disinterested
exXigences of Ingqulring intelli~ence have to ent.r and assume
control. Memordes will continue to enrich sensa.lons, but they
will be memories of scientific significance. % Imaginatlon
will continue %o prolong the present by anticipating the fubture,
but ke anticipations with a practical moment will give way to
anticipations tnat bear on a Rziuti sclientific lssue, Just as
the woodsman, the craftsman, the artist, the ex-ert in any fleld
acquires a spontaneous preceptiveness lacking in other men, so
too does the sclentific observer.

St11ll, there i1s a differsnce end to it the sclentist
alludes when he insists that scientlfic observation is a matter
of seeing just what is there to he seen, hearing exsctly whatever
sounds are sounded, and so forth. This claim cannot, I think,
be tgken literally, for the impartial end sccurace observer, no ¥
less than anyone else, is under the dominance of a gulding orien.ation.
None the less, the clesim does possess 1ts element of truth, for
the gulding orientation of the sclentist is the orlentation of
Inquiring Intelligence, the orilentation that of its nature 1s
a pure, debached, disinbereztedy desire simply to Mnow, ity
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For there 1s sn Invellectual desire, an Eros of the mind, Without
it there wonld arise no questioning, no inguiry, no wonder,
Without 1t there would be no r-al meaning for such phrases as
sclentific disinterestedness, sclentific detachment, sclentifie
impartiality, Inasmuch ag this intellectual drive is dominant,
Inasmuch as the reinforcing or inhibiting tendencles of other
drives are successfully excluded, In thet messure the scliencific
observer becomes an incarnation of incuiring intelligence and
his percerts move Into coinc idence with what are named the data
of sense. Accordingly, it is not by sinking into some inert
pagalvity but by positive effort and rirorous training that

a man becomes a masber of the dlfficult art of sclentific
observatlon,

Tho Canen ﬂ M"
2. AR T Secondly, there ls a maa canon of operations,
Just as Inquiry into the data of sense ylelds
insights that are formulated in classicsl and statistlical laws,
80 Inversely the laws provide premlses and rules for the guildance
of huran activity upon sensible cobjects, Such amctivity, in its
turn, brings about sensible change to bring to light fresh
data, ralse new cuestions, stlmnlate further Imsights, and s0
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generate the revislon or confirmatlon of existing laws end in
due course the discovery of new laws,

In the flrst Instance, then, the canon of
operations 1s s principle of cumulative expansion, Laws guide
sctivities, which bring forth new laws, which guide further
activitles, and so forth Indefinitely.

Secondly, the canon of operations 1s a principle
of construction. Man lknows best what man makes for himself,
and so we began our study of Insight by examining that elementary
artefact, the cart-vwheel. But the desvelopment of scilence is
followed by a technological expansion, by a vast lncrease of
the things that man c¢an make for himself and so can understand
adequately because he has made them, Moreover, the more refined
and regourceful technology becomes, the greater the frequency
of the artificlal synthesis of natursl products., Thus, Rature
itself becomes understood in the same fashion as man's own
artefacts,

Thirdly, the canon of operations 1s a principle
of analysis. Clearly man can analyse the objects that he himself
can congtruct., Bubt 1t 1s no less true that he can also analyse
objects which, as yet, he cannot manare Lo construct. For
analysls is a ‘mental construction and, where operational control
fails, theoretlecal kno-ledre can step in to account for the
fallure of control, to ideniify the uncontrolled factors, to
dewermine and measure their activity and influence, to discount
thelr purturbing effect, and so to exbrapolate to the law that
would hold did they not interferse.

Fourthly, the cenon of operations 1s a principle
of cumulative veriflcation., For laws rulde operations successfully
in the measure that they are correct. Inversely, in so far as
laws and their implications iIn a vast varilety of situations are
repsatedly found auccesaful guides of orerations, their iInltlal
verificatlion 1s cumulatively confilrmed.

Fifthly, the canon of operations provides a
test of the 1mpartia1¥%y and accuracy of observatlions. I do not
mean that it makes intellectual detachment and disinterestedness
superfluous for, as is clear, the powsr of the totalitarian state
can pagk both corrupt the judpe and pack the jury. But, when
a8 general conspiracy is absent, when ordinary good will can he
presupposed, then the canon of operations, sooner or later, will
exhiblt on a grand seale in conspleuous fallures Cho-miornies
Mvd Svigpaniniaa oven slisht mistakes and oversizhts In observation,

Sixthly, the canon of operavionsg is a principle
of systematization, Insights yileld simple laws, but simple
laws are applicable only in pure cases. The law of a free fall
holds In a vacuum., Bubt operaclons do not occur in a vacuum.
Hence one ls driven to determine the law of ailr resistance and
the laws of frictlon. Similerly, Boyle's law has to be complemented
with Charles! and Gay-Lussac's, and all three need to be corrected
by Van Ger Waal's formula, Thus, the canon of or-erations is a
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perpetual recsll from the abstract realm of laws to the complexity
of the concrete and so to necessity of ever more laws, Nor is
This 21l. 4 mere congeries of laws will not suffilce, For if

one ls to operste upon the concrete, one must be ahle to smploy

at once several laws. To employ several laws at once, one must
know the relations of each law to all the others., But to know
meny la%s, not as a mere congeries of distinct mzera empirical
generalizations, but in the net.work of inter-relations of each

Seventhly, the cenon of operatlona 1s a source
of higher viewpoints. Already attention has beendra
to the difference between the circuit of the mathematicisn and
tne circult of the emplriecal sclentist., The mathenmatician
mounts to higher vier'po.nts inasmuch as the symbolic rerresentation
of his waed previous terms and relations supply the image in
which inslaht grasps the rules of a more com-rehensive systematiza-
tion. But the empirical sclentist advances to hirher viewpo.nts,
not solely by the constructlon of symbolic imsges, but more
fundamentally by the expansiveness, the constructiveness, the
analyses, the constent checking, and the systematizing tendencles
of the cenon of operations. In vir.ue of that canon fresh data
are ever belng brought to light to force upon scientific consclousnessi:
the inablequacles of existing hypotheses and theories,
to provide the evidence for their revision and, in the limit,
when minor corrections no longer are capable of meetlng the lssue,
to demand the radical transformestion of concepts and postulates
that 1s named a higher viewpoint.

5‘ﬂ4(hun14ﬁi&»anum
VI

Thirdly, there is a canon of relevance,

The canon of selectlon and the canon of operatlons
might be regarded as obverse and revMerse of the same coin. Both
are concernvd with the elementary fact that the empirical insuvirer
is ocut to understand, not what he may Imagine, but what he sctually
s¢es, The canon of relevance, on the other hand, aims at stating
the type of understanding proper to empirical sclence,

Now 1t would be a mistake to say that the empirical
scientist has no use whatever for final, materlal, Instrumental,
or efficilent caunses, Inasmuch as he praises the valus and utiilty
of science, he speaks of fingl causes, Inasmuch ss he places
that value and utility in the teechnologlcal transformatlon of
raw materlals, he knows and acknowledres material and Instrumencal
causes, Inasmuch as he aceepts and acts upon the canon of
operatifonsa, he is an efficient cause enpased in testing hils
kmowlsdge by its conseruences.

However, ¥ 1t also is clear that such types of
causallty lle not in the core but on the periphery of empirical
science. They are the concern, not of pure, but only of applled
science. They have to do with the use 5o which sclence may be
put rather than with the inner zemmim constituents of saclence 1tself,
, The canon of relevance Xx regards such inner
constituents, It states that empirical incuiry prim-rily aims
at reaching the Intelligibllity lmmanent in the lmmediate data
of sense. (nce that intelligibility is reached, one can go on
to ask about the value or utllity of such Imowledge, about the
tools that can be fashioned under its suidance, about the trans-
formations of materials man can effect vwith such tools. But
the first step, on which all otters rest, is to grasp the
intelligibvility immadix¥s immenent in the immediate data of sense,
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What precisely does the canon mean?

First, 1t presupposes that the same data can
provide a starting-point for different types of insight.

Secondly, it observes thet questlons about
final, material, instrumental, and efficient causality automatically
head one away from the data in hand. If I ask about the end of
the cart-vheel, I turn to carts and carting and soon find myself
Involved in the economics of transvortation., If I ask aboub the
wood or iron of the cart-wheel, the issue is shortly transposed
to forestry and mining. If I ask about the “heelvright's tools,

I am led on %o discuss technology., If I inguire into the wheel=
wright himgglf, I am confronted with the sociology of the division
of labor and)the psychology of the motlvaiuion of craftsnen,

Thirdly, it also observes that there is a further
type of inaight that arises immediately from the data., Such is
the grasp that precedes and grounds the definition of the circle,
Such was Galileo's Insisht formulated in the law of falling bodies.
Such was Kepler's Insight formulated in the laws of planetary
motion. Such was Newton!'s insicht formulated in the ganszral
theory of universal gravitation. Such has heen the point in14h4
now well established technique of measuring and correlating
measurements., Such ls the goal of the classical heuriatic
structure that seelrs to determine some unlmown function by
working out the differential equations, of which the unimown
functlon will be a solution, and by imposing by postulation such
principles as invariance and squivalencs,

Fourthly, it notes that this intelliribility,
immanent in the immediate data of sense, resides in the relatilons
of things, not to our senses, but to one another., Thus, mechanmics
studies the relations of masses, not to our senses, but to one
enother, Physics studies the relations of trpes of energy, not
to our senses, hut to one another., Chemistry defines its elements,
not by their relavions to our senses, but by their places in the
pattern of relationships named the periodic table. Biology
has become an explcnatory science by viewing all living forms
as relanted to one another In that complex and comprehsensive
fashlon that is summarily denoted by the single word, evolution.

Fifthly, it notes that this intelligibility is
hypothetliecal. It does not impose 1tself upon us, as does the
multiplication table or the binomial theorem, It announces ivsslf
as a possibllity, as what could be the relevant correlation ox
function or law., Now the necessary must be, bnt the possible,
though it can be, in fact may or may not be. Hence, empirical
science rests upon two distinet grounds. As insischbt srasping
posaibility, 1t is science., As ver.fication selecting the
possibllitles that In fact are realized, 1t 1s empirical.

There is, then, an intellizibility Immonent in
the Immediate data of sense; 1t resides in the relations of
things, not to our senses, but to one another; it consista, not
In an absolute necessity, but in a realized possibility,

Ought there not be introduced a technical term
to denote this type of Intelligibility? The trouble 1s that
the appropriate technical term has long existed but also has long
been misunderstcod. For the intelligibility that 1s neither
final nor material nor instrumental nor efficient causality is,
of course, formal causslity. But when one speaks of formal
causality, some peopls are bound to assume that one mesns something
connected with formal losic; othors are bound to assume that
one neans masly merely the heuristic notion of the "nature of...,"
the "such 28 t0.ss," the "sort of thing that,..." If both of
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these misinterpretations are excluded, what we have called
the intelligibility irmmenent in sensible data and reslding
in the relations of things to one another, mizht be named

more briefly formal Meuek<e causallty org rather/ perhaps,

g specles of formal causallty.

72( G«-m J&m:'mn?-
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L f Fourthly, there is a c¢ancn of parsimony.

It is at once obvious and diffienlt, It 1s
obvious inasmuch 28 it forbléls the empiricel scientlst to
affirm what, as an empiricel scientist, he does not lmow,

It is difficult inasmuch as knowlng exactly what one lmows

and what one does not lmow has be-n revuted, since the days

of Socrates, & rare achisvement., None che less, some account

of this fundamental canon must be attempued at once, even though
its full meaning and implicavions can come To light only later.

On the urevicus analysis, then, empirical meciod
involves four distinct elements, namely, 1) the observation of
data, 2) insicht into data, 3) the formula.lon of the insight
or svt of iusights, and 4) the verification of the formulations.

Now, the empirical inves.imator cannot be sald
to Imow what is not verified and he cannot be sald to be able
$0 know the unverifiable. Becauss, then, verificatlon is
essential to his method, the canon of narsimony in 1ts most
elementary form excludes from scilen.ific affirmation khs
all statements that are unverified and, still more so, all
that are unverifiable.

=, P - EFXE v T > - T .
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liegecnd o
4ol Secondly, verification is of formulavions, and
formulations state 1) the relations of things to our senses and
2) the relations of things to one another. "It follows that
formulatlons contain two types of terms which may,) be da
named res-ectively exverlential conjurntes and PUTE con?gFates.

Exveriential conjurates are correlatives whose
meaning is expressed, at least in the last analysis, by appealing
Yo the content of some P human exverlencs,

Thug, "colors" will be ex-e¢riential conjurates
when defined by appealing to visual exnerience; "sounds" when
defined by appealing to auditory experiences; "heat" when defined
by appealing to tactlle exrerliences "force" when defined by
appealing to an exverience of eoffort, resistance, or pressure.

It is clear enough that experientlal conjugates
satisfy the canon of parsimony. The fundamental set of such
torms 1s verified, not only dy sclentists, but also by the
secular exzrerlence of humanlty. Sclentists add further ferms
In virtue of thelr svwecifle preoccupation but as long as these
terms satlisfy the definition of the exreriential conjugate, they
will be in principle fiable,

Pure, on *ates, on vhe other hand, are correlatlves
defined implicitly by empi“ically e3tablished correlatilons,
functions, laws, theorles, systems,

Thus, mrsses mlirht be deflned as the correlatives
implicit iIn Newton's law of Inverse squares, Then, thers would
be a pattern of relavionships consitiicuted by the verified ejuation;
the pattern of relacionships would fix the meaning of the pair
of coefflcients, m, my; and the meaning so detormined would be
the meaning of the nameé, masa, In like manner heat might be
defined Implicitly by the flrst law of thermodynamics and the
electric and marnevic field Intensitles, E and H, misht be
regarded as vector quantities defined by = Maxwdll's equations
for che electro-maznetic fleld, (See on this point Lindsay and
Margenau, p. 310),

Now such pure conjuvags satiafy the canon of
parslmony. For the equations are or can be es.ablished emplrlcally.
And by definitlon pure conjugates mean no more than necessarily
is lmplicit in the meqning of such verified egquations,

bo—well-to-draw-atbention to the versgiliity
D salza: --qugate. Just as it is defined inltlally by
electing somg-verified equdtiun as basic, 50 the definition may
e modified gt enriched by the addiilon of further verifled
gquations, /fhus, one misht say that " implicitly
by the lawg of force, Ympact, the lev, 1 pgravivatioh.
Moreover,/ just as Newfonlan mechani¢® as a whole mgy be said to
-ef¢ne Umass" implipitly, so the syift from Newtorian to Relativi

owvever, there
njugates are
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- obtain a psychologieal or cognitional theory, In the third case
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There is, however, a difference beitween the mode
of verifying pure conjugates and the mode of verifying experientlal
conjugates. Por the e xperientinl conjusnte 1s either & content
of exyerlence, such ss seeing red or touching extension, or else
a correlative to such a content, for instance, red as seen or
extension as touched, of finally a derlvative of such correlatives,
a8 would be the red that could be seen or the extensicn that could
be touched., On the other hand, the pure conjurate has lts veri-
ficaeticn, not in contents of exrerlence nor In thelr actual or
potentinl correlatives, but only in combinations of such con.ents
and correlatives, I see, for Instance, s series of extensions
and alonsside each I sese a yard-stick; from the series of combiratilons
T obtain a series of measurements: from anoth.r series of combinatlons
I obtain another series of measurements; from the correlation of
the two seriles, together with the leap of insight, I am led to
posit as probably reali-ed some continuous functlon; pure conjugates
are the minimsl zorresihixsxs correlatives implicit in such functlons;
and their verifilcation finds 1lts ground, not in experiences as
such, but only in the combination of combinations, &e., &e., of
experiences,

A3 the resder will have noted, the definitious
of pure and experiential conjurates drop all mentlon of things
whether related to one another or to our senses., The reason for
this omission 1s that the notion of the "thing! is highly ambiguous
and, as yet, we are unprepared to aprly the canon of parsimony to
1t (ses CA.¥uL). However, though the notion of thing has been
omitted, the point of the distinction between the r elations of
thimg s to one another and tioc our senses remains, For in every
experlence one may dlstinguish between content and act, between
the seen and the seeing, the heard and the hearing, the tasted and
the tasting, and so forth. ILet us represent, then, any serles
of experlences by the series of pailrs, AA*, BB', CCl',..., Where
the unprimed letters denote contents and primed lecters dencte
the correspording acts, Now correlations may be reached by
combining the wnprimed components, 4, B, C,..., or by combining
the primed components, At, B!, C',..., Oor by combining both
primed and mnxrami unprimed components., In the first case one
wlll deal with the relablons of concents o one ancther and one
will prescind from the corresponding acts; and in thils fashion,
without any mention of things, ore deals with what hitherto has
been named the relations of things to one another., In the s scond
case, one will prescind from contents ~nd correlete acts, to

one will be employing exveriential conjugates and further information
wlll be needed to settle whether one 1s working towards the goal
of natural sclence oxr of cognitionsl theory.

Purther, as this analysis reveals, trere are only
three basic alternatives, Either one's terms are experientinl
conjugates or slse they are purs conjusates based on comblning
contents/or finally they are a special case of pure conjugates
based on combining acts alone. Still, theoreticsl analysis is
one thing, and concrete practice 1z another. Thus, one would
be inclined to say that physicists move easily and unconsclously
Bromzika back and forth between the use of ezxperiential and pure
conjugates, Vwhen they are called upen to define thelr terms,
commuonly they will suprose that definition comes at the beginning
and so offer definitions of experiential conjugates., On the
other hand, methodologists and theorists of empliricel sclence
will be puzzled by the nmultipliclity of definitlons avallable
in a mature sclence and, tend to disagree with one another.

A
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Thus, E @asslrer In his well-known Substance and Function
emphaslzes the relavional and serial aspect of sclentific terms.
V. Lenzen in his Nabture of Physical Theory emphasizes the
genetic process that begins from sxrerisential contents of force,
heat, extension, duravion, &c,, to move through a process of
redefinitlon towards terms imrlicitly defined by empirlcally
established principles and laws, Pinally, Lindsay and Margenau
In thelr Poundstions of Physics, while they are more concerned
with ldeas than concepts, may be sald to exhibit a preference
for terms implicitly defired by equations.

For our purposes it would seem to be sufficient
to reveal the materiels which scilentists and theorists of sclence
oemploy in differ manners and to show that these materials, desplte
incldental variations, satisfy the canon of parsimony.

Satrikz, :

4.2 “““ﬁg{éﬁ&ﬁﬂowever, besides classical lews, there also are
stavistical laws; and since the latter as well as the former are
verifiable, it would seem that, besides pure and experiential
conjugates, one must nlso recognize events, When the demonstrator
in a lecture room propounds a law of nature and proceeds to
illustrate 1t by an experiment, ha does not inform his class

thaet the law will be refuted 1If the experiment does not ork

On the contrary, he points out thet the law retains its validity
even if 1t happens that the experiment sewhy is ¥ a failurs.

And members of the class may add interest to the proceedings

by determining the statlstlical law of the demonstrator's successes. b
The law of nature, then, is one thing, The event of its illustratlon I
ls another. And such events are subjiect to laws of a ®x2f%s 3
different type which is named statistiecal,

What, then, 1s an event? The simplest answer is
to say that it 1s a primicive notlon too simple and obvious to
be explained, St1ll, all primitive notions, however simple and
obvious, are related to other equally primitive notions, and the
set may be fixed by offering t'w data in which insicht may srasp
the relationse.
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Let us begin, then, by formulatldg our answer.
Events stand to conjugates as gquestlons for reflectlon stand
to quesilons for intelllgence.

What 1s meant by a conjugate has been explained.

Moreover, knowledse of conjusates results from
a process of Ingulry, of asking questions; and the relevant
questions all have the peculisrity that none of them can be
answered appropriately by simply saying eith.r Yes or No,.

Thus, when one asks what is the "nature of...," the "sort of
thing thats..," the "auch as t0...," the correlation to be
specified, the indeterminate functlon to be determined, it 1s
always meaningless to answer elther ¥Yes or No., One 1s called
upon to state the nabure, specify the correlation, determine

the functlon, and that can bve done only by achleving the l.sights
that ground the formulailon, first, of experiential and, later,
of pure conjugates,

But for every answer to a quesavlion for intelllgence,
there 1ls a corresponding question for reflectlon; and all questions
for reflection have the psculiarlty that theyc.anxm be answered
apiropriately simply by saying eitlwer ¥Yes or No, If I ask what
a body is, I coan also ask whether there are bodies., If I ask
how bodles fall, I can also ask whether bodies fall, If I ask
how bodles would fall in a vacaum, I can alsoa sk whether any
bodies ever fall in a vacuum. Generally, the enunciation of
every law can be followed by the question for reflection that
asks whether the law 1s vexified, and the definition of every
term can be followed by the questlon for reflectlon whether the
defined exlsts or occurs. Inversely, whensver one asserts
verification or existence or occurrence, one may be asked what
19 verified, whalt exists, what occurs.

Thus, susstions for Intellirence and questions
for reflection are universally concomitant and complementary.

There 1s a parallsl concomi.ance and complementarity
between conjuzates and ¥x events, Without events, conjugates
can be neither discovered, nor verifled., Without conjugates,
avents can be neither dlsinguished ner/related. Suech, I submlt,
1s the elementary scheme in which insisht can grasp what 1s mamk
meant by the otherwise puzzling name, event.

Now formuletlons that concern events satlsfy the
canon of parsimony. For probability exvectations or statistical
laws are formulations that answer the question for inuelligence,
How often? They concern evenis, for the frequency they assign
ls a frequency of events. Pinally, the frequency assigned by
a statistlcal law is verifiable: for the assirned frequency is
an ideal freguency; 1% 1s distinet from the actual freguenciss
that can diverge from it in non-systematic fashion; and it can
be verified by appealing to those actual frenuencies,

At this point our account of the canon of paxe
parsimony must be brourht co a close. 48 the reader will have
observed, attention has been conflned to the positive a spects
of the canon, to the experiential conjusates, the pure conjugates,
and the events that are the terms of verifisble formulations.
Whether things and thelr exlistence satisfy the canon, is a furtier
lasue on which we have not touched. On the athaxk other hand,
the negatlive or exclusive aspects of the canon, though they
constitute its chief significance end utility, are 100 numerous
to be mentionsed and can best be dealt with incidentally when
occasion arises.
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Was Pifthly, thers 1s a canon of complete explanation,

The goal of empirical method 1s commonly stated
to be the compleste explanation of all phenomena or data.

In a sense khisxxaxz} verseverance In the pursuit
of uvhis goal is assured by the canon of selectlion es-eckially
when 1t 1s lmplemented by the c¢anon of operations., Any partlcular
investigator may overlook or ignore certain data. But his overw
sight or dlsregard will normelly be corrected by other investigators
substantiating their hyvotheses snd refuting those of their
bredecessors by appealing to hitherto naxsi neglected facts.

Nonie ' the luss, a Separave enunciation of this
canon 1s relevant particularly at the present time when a mistalen
twist glven to scientific method at the Renalssance #m finally «
belng overcome.

Where we distingulshed between sxperiential and
pure conjugates, Gallleo distinguished between secondary and
primary qualitles, Secondary qualitles were the mersly subjective
appearances that arise In an animal's senses as a result of the
action of othor primary sweddde qualitles; such appearances were
1llustrated by color as seen, sounds as heard, heat as falt,
tickling as experlenced, and the like. Primary qualicles, on
the other hand, were the mathematical dirensions of the real
and objective, of matter In motion., Hence, whlle we would
place scientific progress in the movement from experientisl to
pure conjugates, Gallleo placed it in the reduction of the merely
apparent secondary cualities to thelr real and objective source
in primary qualities,

The crucial difference between the two positions
regards space and time. For Gallleo they were primary qualities,
for there would be gxtenslon and duratlion Af there were matter
and motion and whet%p or not any mamx animals with Bheir sensitive
experlences existed.  For ns, on the other hand, am® there is
tobe drawn the same distinctlon between extension and duration
as experlentlial and as pure conjusates as there is to be drawn

As exrerilentlal conjuxgates, sxtenslons and duratlons
are defined as correlative to certain famlliar elements within
our experisnce.

Ag pure conjusates, extension and duratlon are
defined lmpllicitly by the postulate thet the wrinciples and laws
of physics are invariant under imkmxit inertial or, generally,
under continuous transformations.

Thus, on our annlysis, the space-time of Relativity
stands to the extensions and durations of experience in exactly
the same relatlons as wave-lengths of light stand to experiences
of color,/longltudinal waves in air stand to exveriences of sound,
as the type of energy defined by the first law of thermodynamics
stancs to experiences of rak heat, &c., &c.

Moreover, In our analysls, thls conclusion rests
upon the canon of complete explanation., All data are tobe
explainede The explanation of data consists in a process from
experlential conjupates towards pure conjusates., Therefara,
from extensions and duratlons a3 experisnced there must be a
process to exbtensions and dura.ilons as implicitly defined by
empirically established laws,
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Further, as extension and duration, so also local
movement has a preliminary definition in terms of experientiasl
conjugates and an explanatory definition in terms of pure conjugntes.
It was an obvlous and excusable procedure for Galileo and Kepler
and Newton to conceive local movement In the two steps of deter-
mining a path or trajectory and then corrslating points on the
path with instants of time. After all, when a man crosses the
street, we see st once the whole distance that he traverses
but we aprrehend the duration of his movement as concomitant
with the duration of our watching., None the less, this account
of local movement can be no more than preliminary for, kheughk
throughout, it 1s in torms of movement as related to us, as in
terms of experlential conjusates, What movement is, when movements
are defiued in verms of thelr rela lons to one another, 1s another
xauki®m question, The enswer to 1t wlll denend upon the ansvwer
that determlnes extensions and durations as pure conjuzates;
and so i1t is that Relativity mechanics conceives a velocity,
net as a function of three dimensions with time as a parameter,
but as a function of four dimensions, of which three are spatilal
and the fourth temperal.

If we add the canon of parsimony to the canon
of complste explanation, more fundamental objectlons to the
Galilean theory of scientific explanation come to llght.

Both exreriential snd pure conjugatea are verifiable,

and in so far as either im are verified, they possess an equal

claim upon reas.nable affirmstion., It follows that Galileo's
repudlation of secondary qualitles as mere appearance 18 a rejection
of the verifiable as me»s appearance.
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Inversely, Galileo d4id not base his affirmation
of the reality and objectivity of primery qualities upon a c¢laim
that these cualities, as he defined them, were verifiable or
verified. Accordingly, his assertion of that reallty and
objectivity was extra-sclintific, for it made no apreal to
verificatlon and so did not satisfy the canon of parsimony.
On the other hand, anyone that today w%x% misht try to bring
the Galilean position in line with the canon of parsimony,
would first of all have to settle an account with Einsteln
who has made various proposals rerarding the space-time of
physics and has some grounds for considering his line of thought
verifiable and, to some extenit, verified,
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order. It admits statistical
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but in an ob’ective defect of savs
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A Tirst tesk iz to elarify the notlon of abstraction.
On fn smmple and comrnon view, the abstract is an impoverished
replica of the concrete. ”Red“ means wh-t 13 conmon to all
Instances of "red." "Man" means wh-t is com-on to all 1instances
of "men." That 1s all there ia te it,

Now with this view of abstrneblon, one can admit
classgicel laws and one can admlt statistlceal laws but one will
be 2%t a lous to determine some coherent manner in which both
clasgical and statisticsl laws can be acknovledreds Thisg may be
shown as follows,

Tet A, B, C,+.. denole sensible dsta, and let
a, ﬂ', aﬂ,ooo b, bl, b",tno c, 0‘, 0”,!.. denote the tOt&lity
of their impoverished replicas. Then, there 1s no cspect of
gensible data without its lmpoveriched replica: inversely, the
totality of sensible data can be comstructed ouvt of the totallty
of impoverished replicas,

Hence, 1T one armits some classliccl laws, one
admits th=t some imvo§5 8hed replicas are rel-ted svstematically.
Moreover, 1f one admits the c¢lassical laws as objective, there
must be systematic relations not only between the impoverished
replicas but also between the concrete aspects of sensibled ata
to which they corres.ond. It follows that the classical laws
can be objective only if they hold In the concrete. Pinally,
it will mmiy be only by denyinr the canon of complete exrnlanatlion
of all data, that one can admit systematic relations bvetween
some Impoverished rerlicas and deny svyvatemntic relations between
others. WAsAonly lows will be classlesl laws, and, sbatistical
laws cannot be more than a cloak for ignorance.

Inversely, if one admitg some statistieal laws,
then one denles systemntic relations baetween some inpovhished
replicas, If the statlstical laws are objective, there cannot
be syutematle relations between the corresponding aspects of
sensible cdatpe. At least in those cases, classical laws are
excluded. MNoreover, to show that classical laws are not merely
the mocroscopic illusion resulting from a multitude of microscople,
random cccurrences, & correct theory of the anbstract is needed;
and In the present hyvothesls, that correct theory is lacking.

what 18, then, the correct theory?

S0 far from belnp a mere impoverishment of the
data of sense, abstraction in all its essentlal moments ls
enrichinges Its first moment 1s an enriching anticipation of
an intellirihility to be added to sensible nresentations: there
is something to be lnown by inslcht, Ivs second moment is the
erection of heuristic structures and the attalmment of Insight
to reveal In the datTa what dis wvariously named as the sisnificant,
the relevant, the important, the essential, the idea, the form.
Its third moment is the formulation of the intelliribility that
Insight has revealed. Only In this third moment doss there
apcear the negative aspect of abstrection, namely, the omission
of the Insimificant, the irrelevant, the nerligiﬁle, the
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pp“£1 incidental, thexempirical residue., Morsover, this omission is
A neither absolu.e nor definitive. For the empirical resldue
possesses the universal property of being what intelligéhce
abstracts froms Such & univeorszl proverty provides the basls
for a second set of heuristle procedures that take thelr stand R
on the simple vremise that the non-asystematic cannot be systematizeds, &
Now our whole effort hes been to draw attention
to the faect of insicht, to the enriching momsnts on which
abstraction follows. Accordingly, it iz in this sense thetb

we aflfirm clessical laws to be abstract, a%d %g isEin tgi
sense that a canon of statisticel rvesidues 2 é%ﬁﬁr
bebween determinism o8¢ Indeterminism. So fsr from being an
impoveriskment of senslble data, abs-rection is an enrichment
tiat goes beyond them. Because abstractlon roes beyond tie
sensible field, itz the frontiers of the abstraect are not
coterminous with the frontlers of the exrerienced. Hence,
full and exact knowledre of the systems to be reached by
abstraction by no means denies the ex_.stence of an empirical
resddue that 1s non-systematle, Arain, just as in abstraction
we prescind from that empirical residue, s0 wnen we come to
the concrete apnlications of abstract principles and laws,

woe are forced to take Into account the non-systematie conditlons
under whlch tie systematic has its concrete reallzaticne

7L, Rt yecmuzw.

6.9 In the second place, 1t may e well to recall
thnt classical laws are abstract li In their heuristic anti-
clovation, 2) in the experimental techniques of their discovery,
3) In their formulatilon, and 4) in their verification.

They are ehotract 1n their heuristic anticipation.
For that anticlivation rests on the detached and dislnterested
drive of Inquiry, and 1t consists In Rasixs a ,ure desire to
underscvand., Hence the canon of relevance dem~-nds that one seek
The immanent intelligitility of the data; amd the canon of
parsimony demands that oie add to the data no more than the
formulatlon of what is grasped by understanding end verified;
and the eanon of complete explapation demnnds that this parsi-
monlous addition of intelligib:lity he effected for all data,
Horeover, this anticipated snrichrment is seen to be universal:
the nature to be lmown will be the same for all data that are
not sirn.flicantly different, anc the correlation to be specified
is reached only if it holds for all r~arallel instances.

Secondly, classical lows are abstract in the
ex erimental technigues of their discovery, For the experimencer
makes no pretence to deal with comerete sitwacleons In thelr
natlve complexlty; on tie conbrary, he alms overtly at reducing
that complexity to a minimum and so he does all he can to bring
the concrete into soms sanjynmetimm apnroximation to an ideal,
typleal, deflnable conjunction of meterials and arents.
Accordingly, a8 he berins with an ef'fort to secure materials
from which all impuritles have been removed, so he ends with an
argument that rests on thelr theoretical definitions. As he
begins by requlring instruments constructed in accord with
accurabe specifications, so he ends by interwvreting their
verformance on the basis of thslr ideal, ofven schematic, structure.
He measures, but he does so nany times, snd his accepted result
ls just the probable mean of actual results. He reaches a
conclusion with which others asree, but the agreement makes
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allowance for the inbtrusion of extraneons factors and it acknow-
If (o4 ledres no more thean a limited number of sisnificant decimal places.
(o~

o At every turn it seems apparent that the concern of experiment
F A is to determine, not thesckzamvaie ohservable quallitles of they
aJld"L'J materinls with which,be denls, bt a theoretical correlation
? y between definable ond abstract entities.
Py Thirdly, classicsl lawsg are ahstract in thelr
A formulation. As laws, tioey are correlationg linkine cor--elatives,

and the correlatives are never the unicue dabta of some narticular
time and place., Indeed, they are not even reneralired data, butbt
goneralized combinations of combinavions of combi-atlons of data.
Nor may one suppose that the dnta, telten In these seriel comblna-
tlona, uni uely determine whet the law must be, For the dise
contlinuons =maxx set of obssrvations, re;resented, say, by =
points on a zravh, can be satisfied by any number of laws, of
vhich the sclentist k chooses the ene that, 211 thinrs considered,
he reputes to be the simplest. FInriching abstraction is still

at work,

Fourthly, ¢lassicol laws are abstract in thelr
verification, For varificatlon 1s resched, not by aprealing to
this or,that isolated instance, but by securing as larre snd
various, ranre of instances as hoth direct end ilndirect procedures
moke podsible. It follows that wnet 1s verified 1s, not tuls or
that particular proposition, bub the general, abstract formulatlon
that alone admits the larse and various ranpme of arnlications.
Arain, to repeat the arsument from another viewroint, what 1s
verified is what can be refnbed or revised., Vhat can he refuved
or revised, 1s the rene-al, abstract formulationx. And so what
i1s verified is the general, abstract formulation.
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Ged A 'In the third place, an objection must be met.
Taken s8irnly, ¢lassical laws are abstract., Bubt wvhat 1s true
of single laws, need nct be TLrue of the totallity of laws.,
The sinrle laws are abstract bscause they do not cover the
totality of aspects of the data., But the totvality of laus
world cover that totality of asrects, and so he totality would
ba not abstract but,eomudede,

Now this objection may be merely a reversilon to
the sssumptlon thnat ebstraction,® sn Imperlshed replica of sensible
data, In that case, 1t hes been mk mot Eiready. For the totality
of aspecta of data explained hy the totality of classical laws
will not include the as ects that we have named an empirical
rasicdue (see Chapier I, §5). Even when all classical laws are
knmown, individuglity and continuity, perticular place and par ticular
time, willka be not explained but abstracted from.
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However, the objection may be advanced by those
that grant absiraction to be not Impoverishing but enriching.
Thyy will point ouf that the canon of operations forces emplrical
in-uiry to pgo beyond the mere aggreratlon of isol-ted laws to
the development of systems. It 1is not ernough to know the law
of falling bodies, the law of ailr resistance, the law of friction.
One also has to 1now how %o apply tleue laws s imultaneously if
one ls to solve/practical problems., Hence, tlie Hixcavryxa
discovery of laws has to be accompanied by the Sdsvo el
discovery of correlstions between laws and, ®»® no less, of
correlati:nsg between the correlations. Thepme exists, then,

a movement towards the systemntle unificatinn of ailxiawms
classical laws and, as this unifleation is prompted by comerete
problems, one may expect that, when all laws are lmown exactly
and completely, there w3%X also will be lmown a srstematle
unif.cation commensurate with world processx in its concrete,
histurical unfolding.

his consideration 18, ¥ think, Imnresslve.

But, strancely enough, wovrld process in its concrete, historical
unfolding rather corsnlcuously makes a larre and generous use

of the statlstical techniques of larpge numbhers and lons intervals
of time; it exhibits n°t a rigld but a fluid stqbility, it

brings forth novelty and ava devalopment it eArse n1-kes false
starts and siffors break-dovms., It would seel; then, that

an understanding of the concrefte unfolding of world process

will not be basged exclugively on classical laws, howsver exactly
and completely lmown, but in a funde:ental mnanner wlll apneal
to statlstical laws,

Accordinaly, facts force us to a closer scrutiny
of the argumert from the gystematile uniflcation of laws, and the
serutiny brince to lirht an underlying ambleuity. It is one
thing to attain a systematic unific-tion; it is another to reach
an Imarinative synfhesis. Thus, Rlenanniqn ceomatry 1s a

gstematlic wnification, for it srovires a sinmle set of -rinciples
and techniques for dealing w.th ~dimensional manifolds of various
curvatures, But Rlemannlan sgeometry is n-t an imecinetive
synthesls for we cannot imamine more than three dimenslons end
we normally lmagine only fiat s nce. Apgpin, Ptoleq%y and.
Corernicus possessed Imagsin tilve syntheses of celestinl movements
but the laws of those movements were discovered by Gallleo and
Ke:ler, and the s :stematic unification of the laws was the
achievement of Newtonlan mechanics., To offer gnother exampls,
nineteenth century physicists made a notsble series of efforts
to construct an lmagsinable model of the asether (see E. T. Whittalker,
A History of the Theories of Aether and Electricity, Dublin
University Press, Lonmmons, London, 1911). But the frult of
thelir labors wes a swyatem:tic set of eguations verifiable in
pointer readlngs. Today one may vprefer Einsteln, who clings
to determinist views, or one may join the majority, who regard
Quantum Hechanics as satlisfactorye. But nelther altsernative
offers an imaginative synthesls. For Einsteln offers a set
of unsolved differential equations for a four-dimensional,
cupved manifeld, and Quantum Mechonics, as it orisinated b
piving up the attempt to carry through N. Bohrts model of the
abom, 8o now it refuses to portray the ob’ective process that
leads up to obhservables.
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There 1s, then, & difference between systematic
unification and imacinstive synthesis, Systematic unification
ls effected in the lorical or conceptuval order. It 1g attained
when the totality of jAw laws 1s reduced to minimum sets of
defined terms and postulates, so that any law can be related
to any other, and any ar-remate of laug can be Intelliribly
conbined and simultaneously ernloyede On the other hand, an
Imacinotive synthesis is secured when imeges, informed by
Insight, are alfered in nocord with known laws. In this fashion
one may lmrpgine the sun, the planets, and chelr satellites
In mppropimka appropriate collocatlions and underscand thelr
imaglined movements in =sccord with mechenical laws., Clearly,
sueh imarinative synthesis roes beyord the abstract content of
the laws and supnoses that certein bodies exist in certain
relative positions with wvelocitles less than the velocity of
eacape. One has passed from the tasks of pure sc.ence; one
has introdnced the suppositions and the facts that portain to
applied science, Now the ultim:te attalnment of a systematic
unlificeation of classical laws will not sebtle any,matters of
faet, and so that wltimote attalmment cannot include an imaginative
synthesls.
As systemriic unification does not include
Imaginative synthesis, so it does not even r~uaantee 1its possibility.
It is true enoush that imares are necessary for the emerpmence of
insights, but the imares may be not represencative but symbol.c,
not pictnres of the visible umxymss universe but mathematical
notations on pleces of vaver. Hven ifpsupposed thet, just as
the iIm~ge of the cart-wheel aporoxin tes to the definitlon
of the circle, 30 some representative Ilmage approximated to
overy clasaleal law, nons the less 1% would not follow that
the agrrerate of approximete images mlsht somehow conlasce
into a composite plecture that approxlmated to the systematic
unification of all laws,

L ahalsiry

The oblection, then, breaks down on two polints.
In itself, 1t is inconclusive. ZXnowledre of all clessical
laws would be an dnders.anding of the concrete only 1if it
included a vast Ims~inative synthesls, It is true that
empirical inguiry heads for a system~tic unifiention of 1ts
lawss Bub t.2re is no evidence thet sueh o syshematlic uwnification
enaures tne possiblility of any Imarinative synthesis. Moreover,
Iff the btotality of classical laws provided an undersuanding
of the concrete, statistical laws would be superfluouse. But
the conspicuous use of statisticalg echniques in world process
shows tiwmt statistical laws are not superfluous in an understanding
of our univorse,
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645 " In the fourth platce, sn attempt must be made
to indicr-te more nrecisely both the Indeterminascy of GMe ahatract
¢lassical laws and the consequent statlstical residues, Hence
It will be ar~ued 1)} that classical laws hold In concrete Instances
only insamuch as conditions are fulfilled, 2) that the condiclions
to be fulfilled form dlversing series, and 3) tiat EBhe patiorns
of such diver~ing serles are a non-systematle azr~reczate,
Kkaoan Crdlirned.

6451 Flrst, 1t 1s possible to apply classiczl laws to
conerets situations and thereby reach conditloned vredlctilons,

Por exanple, if two mo.ovr-cars are headed for the
sanme spob, if their dist-nces from the spot snd their speeds are
equal, then they will collide, provided they do not alter thelir

directlons or speeds, and provided that no obstacles force thenm
to do so.

Similarly, in the reneral case, an ewvent, Z, can
be concluded from prlor circumstances, ¥, provided some P, Q, R,eee
continue to occur and provided some U, V, #,.., do not Intervens,

Secondly, the necessity of positing conditions is
universal. For the link betwesn the antecedent circunstances
and the consequent event iy rests on abstract classicArl law.
Just as the discovery of snch laws rests on an experimental
oxcluslon of extranecus factors, just as thelr verificatlon stands
desplite contrary instances in which extraneons factors are not
excluded, so when ons returns from the abstract to concretes
applications, the possible exi:tence of exitranen.s factors has
to be taken into account,

Thirdly, vhan the dednced or »redicbed event 18
fully determinate, then the conditions must be fulfilled right
up to the occurrence of the event.

To return so the examnle of the two motor-cars,
it is one thing to infer or rredict a collislon, and it 1s aquite
another to infer or predict that a first contact will be between
a very small arsem, P, on one car and a slmilar very small area, Q,
on the other, If the cars are travelling at sixty miles an hour
and at the »nresent instant they are just one inch apart, one
might say thot a collision 1s ingvitable, NWo matter what happens
In the remalning fraction of & second, there will he some impact.
But under the same assumptions one cannot offer to drop all
provisos and yet predict a fivst contaect bhetween specified zraax
smell areas. TFor in the last fractlon of a secomd there could
occur some slteration of the speed or direction or swaying of
either car; and that aéturation would upset the prediction.

T Diwtrgiiy .
6452 V' Noxt,"in the renersl case, conditions form a
diverging serles.

For in the meneral case, any event, Z, is deducible
from antecedent circumstances, ¥, nrovided some P, 0, Rye..
continue to occur and provided some U, V, ¥,..., do not Intervens.,

It follows tiat the occnrrence of the P, O, R,...
and the none-occurrence of the U, V, ¥/,..,. are similarly deducible,

It follows further that the occurrence of, say, P
1s conditioned by the occurrences, A, B, ¢,,.. and the non=
occcurrences, G, H, I,ess Similarly, there will be series of
positive and negative conditions for @, R,... and for U, V, W,...
Simllarly, each term in these series willl have lts series of
positive and negative conditlons, and s0 forthe
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Such, then, is the diverpging serlies of conditions.
Any event, Z, will occur on the fulfilment of a set of conditions,
Each condltion In the set wlll be fulfllled on the fulfllment of
its additional s-t of conditlions. Since there are no unconditloned
events, thure are no unconditioned fulfilments of conditions.
Since there are no wwes unconditioned fulfilments of conditlons,
the diverping series has as many removes as one cares to explore.
Finally, since each event ordinarily has several conditions, the
seriesgﬁ£§§£$ diversges,

Cortaln further properties of the diverglng series
of condltions may Le noted Immedlately,

Just as the series diverres when one goes back
from an event, Z, to its antecedents, so it converres when one
advances from the antecedents to the event. 4dcecrdingly, if one
were to suppose that the concrete pattern of the diversing series
had heen vorked oub to some nth remove and if one ascertained the
fulfilment of all the conditIons at that remove, then one's
enormous labor would yisld no more than the deduction of the
event, Z, and tie Intervening occurrences and non-occurrences,
So far from promising the deductlon of all world situations from
2 single situatlon, this structin-e offers no more tlan the deductlon
of a converging scries of events from avwaridxsriaxEimmy as larpe
a ¢t of initial observations as one pleases,

Moreover, the conditions of any event, Z, at any
nth remove are scattered in space and in time., They are scattered
In space, inasmuch as the occlrrences and non-occurrences conditiondng )
the event, 7, whether directly or @& Indirectly, proximately or i
remotely, may be found in any direction and at any distance from
the event, Z. They are scattered in time, Incsmuch as the influence
from the condition to the conditioned is propagated with a finite
velocity and, In different cases, traverses either different dls-
tances wlth equal speeds or unequal disvances with equal speeds.
Evidently, this scattering of the conditions makes 1t Imperative
to lmow beforehand the aggrecate of concrete patterns of diversing
serles of conditliens for events of all kinds; otherwise, one would
not lmow which observatlons to assemble into the conditions at
some nth remove for some specific ovent,

[ concerebe ratterns of\diverging seriesi\of conditions for
kinds of eyents. I'nll aRd exact kno-ledoy of all classical
o systemeticeN\unification of tke lasws. XX Such
unification 1§ not an imacinntive synthesis. On
oncrete pasterns, of diverging seri
is an i It follows that \ginaly and togeths
these ¢ the totallty of
systemat of abstract laws.
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ohnerv-440 s 4o nnko ond 44 vonld be only by luek thnt one hib

nron thoge tant woro rolovant.

6453  Tho lonenynt

I3 wan ghowm An Chnnter IT that colnoidentnl
acr e atos oon be Lnveatlirited vith ocdontllile renornllity only bty
ptntlntionl nothodo. nt otatistlend methods rovonld sinteo and
prohablitdog. Phoy toll ng nothlas about concrote pattrrns of
Alvorging ocordns of condltions fop prrtlculor dotexﬁlmt.o ovontoe
It folloup tant 1 ouch concroto ratlorns apn to Lo S.nvcétlffo.tcd
it golontifie ronepnlity then Lhoy mnt not o colnellicnial
a¥eloe dataaliloli

Howavor, in it rentral cano, concroto Tatiorng
of dlvorping oordos of conditiong aro coineldeniald arrrorntoss
For any cvent, any 2, ocours AL pooitlve conddilong, Py, Ty R peesy
gcewr and nepativo conditiong, U, Ve Wovesy 40 not ocour. hat
in trun of 2 1o truae of o1l ite conditions. lior, in tho penoral
oo, con anysialnog Dn,yo"ld the Duifilnont of thropo conditionp e
rormired. On tho othor hend, o donand that the dlverging ooplen
af o itions 4o not o colinelddental oo rornte 1o to add to thoe
conditlions nocosoary for the ocowrvonce of 23 nad to Latroduce
guch an addition io to deopart Lron the pen el cooe and set up
o particuingy cn.t'e.

Fuarther, even whoen partliculor cagses oxlot, thoy

eannot bo nxplained conrlotoldy alone classical lincs. For thore

oxliote & portienise ence A€ 4hopo oxdcto an ordlorly conuonce of
pots of oventp oueh thn.t,m:g@agﬁ&@ other things ning omunl,
the events, Ty, rocult fron the ovonte, Py 4 3, for ail poolitive
sntoprnl voluwre of & froo 1 to p , whore olthor p is as

cront o pooliivo intoror an ono cares to asolrn or eles thore e
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o £ ad oot of ovonto, :."’n,

S Ao pinilor in nll roopoots to
on inltind a-b, Iye Clearly, the divorging sordes of conditions
10 broacht $0 hool by any onch oschrne of porpotunl continndly op
of porpotanl reocwrronco. 95311 mich a ochione hol”s g only undor
the provine had other 2hincs are ocnnl and the dntrodietlon of
dalamndve méizﬂnznmn ennnod olmlmio thn rrovino cince the
aechon® mo theanolvan will dorondt on clannlerl lavs. loroover,
AD pOheNNn enn ot Crrrantco thalr omm onrvivel, oo they connot
oxplein thiedr om o:':!.ffln. Tor 17 thore 1 n £irnd 2npoioree Of

6 a~h of ovento, Dy, f.hnn thoro in ne melor ingtnnee In the

pomoneo or cireds 60 acconnt Sov the firet lnotanco; anl 1€ thero

"in no Tirat 1nntnnco, thrn She ordgin of Uhie oo-ucnee Or clrcldo,
po inp fron Lelne orindood, in norely donled.
bRolo Toy e Bntan il or Thad tho dedn-ethert Do T ot e g
BAL~Uner I e-aTrlen oS- thuRitloni\da In-£ant oxComiy

oeLll 1t mn{r bhe urred timt, porinng, vorld proeonp
no. o wholo L0 syntonntio and oo, perbnps, the total conorcto pattern
of &lvargl o norion of conditions 1o in fact orderly. Dut, in the
frreal ploes, 3hdo Ao noroly o lypothoepis. In ¢ o necond pLnco,
i in on omtromely donbtiuld hypothoslo, for worid procons an o wholo
goomn nnered by the ehnrnetertistlenlly ototistienl dovicon of
inrco pnbeps ord Conp intervnlo of time. Finnlly, valio t.mn
dontatéul hypotacels An 2too thod otatistionl nothod 1o ultinnioly
ndoka-on, thove o no ALZfleCly in froning eppoalto hypothones of
orunl wolue vileh, 47 trmo, wonld inply thnt ultinnteoly clcoosleal
motiaod 1o nlotalona

In tho procont subacction (16.5) vo oot o to

inddente on onoct neaning for both the indeterminney of claepical

Jaus ond tho connoruent canon of otatin’lenl reniducs, It hae boon
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orrund thnt cles-leal lowo nro indeterninnto boeonn~ they ore

aly t,r'ﬂct and 10 ean bocone dotenmidneto rrondoes Lor 4o doduction

ol dotermnldnnbta ovonlto only 17 soto OF sooltlro and nerntive condlie

tlonn nro fulfililed. oroover, fron thin Inolorninney of tho

ebotract thro Jollous o canon of pirtiantlenl rogliuon Izmmma

in thn fonerel cono onch peto of condltlonp are coincldontal

arcrecntos ond colnoldoninld arrrorntos con o invontipntod with

osclomtifle ponorallty only by otatintical mnthodo.

In eonelunion, two pointo noy b noteds Tho root
falloey in detorminist oprooition to gm*@_np;g;wvm obloctivity
of trtir\_cnl Frnowlodro 1a nan ovarolrhd of Lanirht. Tho doingpe
ninlot mf'“ s Ly ovorlookling the Dret thint o ccnerelo Inforonco
fron ¢ nnglonld lave surponos an inelcht that aedintos hotween tho
abotract Zows and the eonarot,o pliuntlony nnd once thnl ovoroirht
oconrp tioro 1o mroclwded :h‘m Al-covnpy ©F tho (Liforonco Dotwoon
pyotontlic procoa-co and colneidontnl arrroroton.

Cocondly, owr anniyois rroncinds fron alld owontlons
rogprd? ¢ the Into’lcctunl carnelity of fapdnco's domon and other
non-hunan Dol rpoe  Clonply ouch logucp have 2o benring on the
nntn o of capliriend sclenee or, 1Indord, of hunnn un’oro”andinge
rinnlly, this ?mtz*ictﬂ.anw@gsﬂm containod in our dofinition
of nn ordorly oomoneos for n gornenco ic ordorly ¢ 4t onn bo

mnte%d Iy nan 2.'1 Acht that eon e onrrensed In concrnl Yorme
)

Thio ptrtinlienl hrurdotic piruetise, worked out in
Choptor II (§4e4), moy nov Do dotornined nore Sully An Sho 1imht
0f tho nlx canonn oF onpl ricel mothod.
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Firpt, then, stotlstlonl theorios deal with
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6,6 /7 Finalgf, the cgnon of anpiriezl: *statﬁsﬁical
residues, in conjungtion witd the othes canong/of empirical
methog, maltes 1t pgssible t6 complemefit our stcount/of the
notign of probab%!ﬁty (Chapter § deriyation of
renora soterict £3
6,61 é%ffz:‘ First, statistlcal fheorles will deal with
events. For it is the event, the occcurrence, the actual
happening that cannot be settled by classical laws without

the introduction of a concrele, non-systomatilec manifold of
further determinations,

6,62 Secondly, statistical theories will not analyse
processes., For tihe nrocecses t.at lead up to events fall under
the patterns of diverring series of counditions. Such patierns
form a non-systematic arcregate, and the non-systematle as such
i3 not open to iu.vestigation,

Ondy Obarroed & Lusnds
6,63 Phirdly, statiscical theoriss will deal only
wilth observable events, For the canon of parsimony restricts
scilentific ublerance vo the verifiable. And only the freauencles
of observable events are verifiable, Hence, if one were to
sup:ose that some ty e of event occurrved nine times on every
ten oceasions yoet only one of the nine oecurrences and only
seven of the Len oceasions were observable, then the correct
frequency would be, not 9/10, but 1/7., For the sclenirst is
restricted to the veriiiable, and so he rfefines hls freruencies,
not of events in general, but of observable events,

Shiecd rad ol &L&iﬁﬁ;
64647 Accordins¥y kkhms there will be a formal oprosition
between a stabistical theory and,a on the other hand, a classical
theory satisfying the princisle of efuivalencs.

For the princivle of equivalsnce abstracts from
Lhe reletvions of thinss to us to determine the relations of things
£o one another.

But statistical theory necessarily deals with
only obs.xrvabls events and so must include the relatlo:.s of
things Lo our senses.

It is to bhe noted that this formal opposiltion
excludes the poasibility of a contradiction between such theorles.
For contradictory stabtements mnust resard ot only the same things
but also the same aspects of tuinps. But che formal opposition
excludes tie nosgibility of stetistical theory and fully invariant
classical theory referring to the same aspects of the same things,.

It is %o be recalled that we based the invariance
of Special Relabtivity, not on the fully «encral nrincipls of
agi:ivalence, but on the same grounds as Hewton's Flrst Law of
Motion, nnmely, distinet causes or mrounds or reasons cannob
be assimmed for each of a non-courntable infinity of differences
{see Chrpter II,‘§§££§). Hence, the formal opposicion between
the -ri.ciple of equivalence and staistical theory does not
preclude the use of Special NRelativity in Quantum Mec.anles
(see Lindsay and llargenau, ppe 91 #)

e
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class cal lawq.
For events must be defined if they are to be

assisned any fresuency but unity., In other :rords, only the

defined tyre of event 1s not occurring always and everyvhere.
The definition of events must be gourht ¥ in
conjurates. TFor the event correspords to the Yes in answer
to a question for reflection, and the -nestion for reflection
hags 1ts content from an answer to a -ucstion Tor intelllrence.
By the canon of parsimony, v. ifiable ans .ers to questions for
intellirence are in terms of ex,eriential or of rure conjusmates,
But stetisvical invesi.cations in terms of
experiential conjugates co.tain no promise of scientifie
significence. For exverience is wivhin ths reach of everyone,
but a gipnificant contribution vo scilence rests upon knoiledge
of previous achibve“ent./ lence, Quantum lechanics defines
its observables by apnealin~ to elasszicnl onhysies, which
developed the notions of Cartesian coordinate, linear and
ansuler momentum, enersy, and so forth,
6.66" ¢ ot Tie cnon of parsimony exidcludes any problem
concerning the picture of objects too smrll to e sensed,
For the ima~e 2s Imase can be verified only by the occurrence
of the corresponding sensation, Thus, the visual imape of
a small ball can be wverified only by seeing a small ball, and
the visual Image of a wave can be verified only by seeing a
wave., Xhm® (hen che sensa.ions neither cccur nor can occur,
all that ecan be verified are cartain e-notions and the terms
implicitly defined by such equations.
It is to be noted th:t tris conclusion rests
on a diverrence from Gonlilean assum ftions, For on those
assumpvlons, secoundary qualitics such as color, sound, heat,
and the lilke, are merely aprarent; they sre to he attributed
not wo objects but te our subjectivity, On the :ther hand,
tiie matnematical dimensions of matter in motion are constivutive
of the real and ob1ective, so that to deny them 1=z .o elimina.e
the object, XHence, on thne Galilean view, electrons cannot be
red or.green or blue, hard or soft, hot or cold, buv they must
nave dimensions eiuhier of 1little balls or of waves or of some
other compatible seu of prirmary qualities,

Q Bumcfels () tncivls
6467 U An axiomnuic structure for statistical laws
will involve an uncertointy prineiple.

Yor the coucrete iz inclufes a non-aystematic
com.onent, and so the concrete cannot be deduced in ils full
deterninacy from any set of aysuematic 1r§§%§qg, foars wantd b

But an a 10mtt3p a sractuds a.s-L of sys.ematic
premises, Its implication areach to the concrets, for t:sg
pezapd statistical laws &ses Geal with faidegrssvensseion
events, and eventsi are alvays fully concrete,

Tharefore the axiomatle structure for statiscical
laws must have some means of cutting short its implicabions
before the full determinatfses of the concrete s#e reached,

And any such meansaﬂb the Mencrnl case of an unsertalinty
principle, -

—> 66 a4
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On this analysis, then, incet:rminaey arisss, not
becruse In syme cases measurements cennot be performed, nor because
there 1s some\ haziness Inherent In a1l data, but because some of
the determina®e relations of determinate danta are non-systematic.
We do not affinm, of couvrse, that fully eccurace measurements ;
are alwvays possible. Nor do ve affirm that there 18 no haziness %
in the .resentatjons of sense. TRather our position 1s that, even 1
If measvrements Were always ponssible,fwxxm even 1if data were as :
¢lear and distinc® as reometrical imnres are someblimes mir.akenly
thourht to be, nong the leas t’ ere would remain an Indeterminacy

of conclusions, Foy the deduction of concluslions supposcs
systematic relatlons; some relstions are not svavemstle; and so

tie field of posgsiblg conclusions is, not un.iversal, bub restricted.
Such a restruction doge not appear in the axiometic atructure of
classical lawa, for all such laws and all their implications are
already uncer the & refbtriction, other tiings being equal., Bub
statistlecal lows In thelr reperal form refer to frequedcies of
events. One might say haf their purpose is to formulate how

often other things will e-ual. It follows that thelr axiomatic
structures must e such tdat fully determlnate conclusions do not
exceed the premlses provided by incompleteness of system In
objective relations,.

Go'7 In coneclusion, let us point out. that our account

of probablility any of statistical theories finds a mlddle path
between the older Qeterminism and the more recent indsterminism.
For we agree neithdr with the determinist view thou statistilcal
laws are a mere clopk for 1rnorance nor with the Indeterminist
view that elassical\laws rerresent macroscopic approximations

to mleroscozic but rendom occurrences, DBehlnd the deturuinist
position 1s the Galilean acsumption trat c¢la ssicnl laws refer,

if not to visible, then ot lesst to Imarinable primary qualibies
of matter in motion: ot.er words, imaplnative synthesls 1s
alvways possible and, eVeny in the lnst qnalvsis, tioere is not

a non-systematic aﬁrre.ate of divercine series of condlitions.
Again, behinc¢ the xnoamk: o inde.erminist view there seems a mistaken
dlarnosls of the error df detorminilsms instead of affirming a lack
of Sescihemr coOmnleo e sysue in relntions between data, or between
imazes, 1t has talken the\opposite course of denying complote
determinacy In te data tp be systematized,

Our middle\course transposes the issue from cdeter-
minacy and inceterminacy tpo the systematle and the non-systematic.
Because the non-systematic\lis veriflable, it is oblective in
the sclentiflic sense. Becavuse it ls ohlective, statistical laws
are not a mere cloak for lrporance. They represent a grasp of
winat Intellipibllity there 3s to he srasped in appropriate domains
of dotae On the other hand,\ indeterminacy is merely an Indeterminacy
of concluslons. It arises bdcause deductions sup ose syst-metic
relations and such relntlons fre not the only reletions. It Implies
no Indeverminacy in tihvings or \events or data and by that Implicatlon
1t has the favor of the canon §f parsimony., For it seems imposslble
to distingu . sh between the ohsepvaiion of an indetsrmliiate thing,
or event, or datum and, on the dther hand, a failure to observe
determinately.,
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