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An examination of issight not only revesls the
heuristic structures involved in empirical inquiry but

also explains the rules or canons that govern the frait-

ful unfolding of the anticipations of intelligence,

Six canons will be presented, namely, 1)
selection, 2) aperutions, 3) relavance, 4) parsimony,
5) complate explanation, 6) statistical recidues,
There 1g a canon of selection, for tha empirical inguirer
1s confined to insiphts Into tha data of sansible sxps»-
iencz. There is a csnon of opera_tions, for he aims at an
accunulation of such insights, end the accumulation is
reachnd, not li tue mathematical clircult through insipghts,
formulations, and symbolic imagaes, but in the fuller cir-
cuit that adds observations, evpariments, and practical

applications. Thera 1s a canon of relevance, for pure

gibility of data and leavas to applied scilence the cate-

gories of Tinal, nmaterial, instrumentalssnd efficient éﬁg
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causality, Thera is a csnon of parsimony, for the i?
empirical inve-tisetor moy add to the data of ~xporlence
only tie lavs verified in the data; iu obther vords, he is
not free to form hypothesas in the style of Descartss!
vortices: but he must content him:olf -.ith tas laws and
syat ms of laws, exewmplified by Nevionts taeory of univer-
sal gravitation, and ch.racterized ganerally by their
verifiability., There is & canon of comnlete sxplanation:
dote., 2nd by Creguct

ultimately sclence must account for all da%a'nhbneﬂne&a~may
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primary-qualEEEesy Finally, there is u canon of statistical
rasiduesy thoush all data wust be =xplained, one must not

Jump to tio conciusion that all will b= ex-~lained by lavs

of the clsssical tyse: there exlst stetistical ro<idues :
and their explanatlion is thraugh statl: tical laws, ?é
Bafore undartaking a fuller sceount of thesz g;
canons, it may not b amiss to raeall our viewpoint and I
purpose. The raader must not expect us to retail the history
of the develovemnt of cmpirical method, nor loock for des-
erintive asccounts of vhat scisntists do, nor antielpate an -
argunent based on the authority of rreat names in science,
noy hope tor a s:mmary of directives, precepts, and recipes

to gulde him in the practice of sclentific invastigation,

Our aim still is an insight into the neture of 1asight.

Qur presumption 1s that empirical inv:stirators ave in-

- 7} = e

) ‘ R

paa P T




R VA S S AR SR STRIMEPR T SRR PR I B ETke L O Y R R ks L

The Canons of Fmoirical Method - lfo.

telligent, Our supposition ill be that the reader 1s al-
r2ady sufficiently familiar with sclentific history and
procedure, authoritative proaocuncaments and practical
diractives. Qur single purvose is to revasl the Intellis
gible unity that underlies and sccounts for the Aiverse and
apparantly disconnected riulas of =mpirical method. Our
concern is not what is done, or how it is done, but vhy,
And our lnterest in seeking the recson vhy, 1s not to ex-
tond methodology but to unify it, not to unify it that
methodology may be improved, but to unlfy it in the hope
of exhidbiting still movre vlearly and convinelngly the

fact end thn natuce of insight,

1. First, there 1s a canon of s=laction,

9,
If & correlation or hypothesig or law or

probability expectation or tiieory or system pertains to

empirical :clence, then 1) it involves sansiblo consa- -

quences, 2) such congenugnces can be nroduced or, at least,

observed,

Inversely, empirical method prescinds from

all quastions and an:wers that do not involve distinct-

ive, sensible consequences; and it disc rds all that ine

ynlve such consemaances loglcally yet fail to be con-

firmad by tha rasults of observatisu or =xperiment,

The necessity of some canon of sclection
is obvious, Pos=ible corrclatlons, hypotheses, lavs, pro-
bability ¢xpretuiions, theorles, and systems form an ine
definitely lur;s groupe. Thay can be g2t up ét vill by the

simple process of definition and nostulation, But thare is
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no reason -y the zopirical inquirer shonld investigate
all the trecs in this endless forest of ponssible thoughts,
anl so he needs some canon of selactlon,

Th: naatnass of the canon of s»laetion s no

less clear, lot meraely does 1t exclude at a strowe all the

~correlations and theorles that cannot be rolevant to empir-

ieal Incquiry because they possess an sensible consequences,
Also 1t operates pfograssively snd cuwnalatlvely by dis-
carding all the correlstiong and taszories that possess
scnsible consequehces by logical implication but havs heen
tried and found wenting. Finally, the csnon of s:laction
has 1ts positive aspect; besides ruling the irrolavant
out of consideration, it directs the scizntlst!s offorts
td the issume that hae can s2t-l2 by the declsive aviience
of observation ant experimént.

fio.av2-, the nea*ness and sinplicity of
the cannn of soelection can prove a trap for the unvary,
If the canon denands sensible conseguences, still it 1s
satisfied when those consequences are so slight that only
an expert equlpped with elaborate apparatus cén det=ct
then. If the senslible conrequences must be involved by the
correlation or law or expectation, still grasping that lum-
plication may sunpose a profound mastery of a field, a

capacity to follow recondite and intricate mathematlcal

operations, and the andacity nocesszary to form new,

prirltlive concepts and to follow long chains of abstract
reasoning « Honee, besides the hod-men of sclence that
catner the facts, there are also tia architects of thaorles

and systemse If nn theory and no system pertains to empirical |
- 73 - '
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selence, uwnless it involves distinctive, s2nsidle con-
sequences, still e evpropricte division of lubor mey vell
result in some empirical inculrers devoting most of thelr
time and erarygy to the tevelonment of concents an?d postulataaﬁi
theorems ani corollaries. Finally, as the canon of selzction
i3 not to be misinterpretad as a mare chartar far obe
tusensss, still less is it to be taxen as a mere ecxouse

for logical fallacy. Questions that do not satisfy the

canon of selection do not arise within the confines of

empirical sclence, but it dnes not follaw immediately

that they do not arise at all, Issues that cennot be saottled
by observation or exveriment camiot be ssttled by empirical
method, but it does not follow immediately that they cannot
be settled at all,

e Rty ez, it Dot

1.%/ Two further points cell for cosideration,
As wae heve formalated 1%, the cinon of selaction
demands sensible consequances, But 1t may b2 urged that
emplricsl mathol, ot least in its essential featurss,
should be annlicabls tn the data of consciousness no less
than to the Jdrta of sense, Now, on this untter a creat
deal might be sald, but the presant is not thz time for
it. Vie have Tolloved tha common viev that empirical
science is concerned with sensibly verifisbhle lavs and
expactations. If it is true that essentially the same
method could be applied to the data of consciousnass, then
respact for ordinary usage would require that a method,
vhich only in 4its essentlals 1s the same, be named a

genarallzed emnirical method,

=7/ -
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1.2, i ror: urgent isame is raised by the
-~

N Adnard-bo
questlon, Viet are spuswndiel, data?

A datom of ssnse may be dafined &s the con-ij

‘tent of an act of sering, hea-iny, touchdng, asting, smell-f;
ing. But tha difficalty with thet definitlon 1s thet such
contents do not orccour In a coynitinnal veacuum, They emarge
within & c¢ontext thot 1s detersined by interests and pre-
pccupations, Mov i thils true marflg?%? ordlnery percan-
tions, of the wilknaid ~ho lsuchad at Thales for falling
intns the wall, It 1s maore conssicurusly true of the

selontific Theles, so interested in the stars, that he

did not advert to the well. Accordingly, 1t vouldl be a
mistake to suroars the o zelsntific obrervetion 1s some
mere passivity to sonea twpresslons, It occurs vithin its
own dynamic cnntaxt.&nd tha oroblem is to Adstingnish that
cognitional orientation fram the orientation of conercte
Yiving,

To be slive, then, is to be a nore or less
autonomous center of activity, It Is to deal vith a
successlon of chanpglng situationsy it 1s tn do so prompt-
ly, efficeclo¥sly, aconomicallyy it 1o to attend contin-
udusly to tue prasent, to learn perpetually from the vast,
to anticipate constantly the future, Thus, the flow of
sensations, &s completed by memorles »nd prolonged by
imaginative acts of anticipstion, becomes th2 flow of per-
ceptions, It 1s of the latter, perceptual flow that we
.are conscious, It is only vhen the perceptual flow poes
wrong that ti move sensatlon bursts into consclousness
as, for axannle, 1 the axoerlence of trying to go down
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aitother step v already one has reachad the floor, 1

dov vhiuk differentiates the percantual
flow in one man from that of another, 1s found in tha
pattern of interaste and objectives, dusires and fears,
that emphasize elanents and aspscts of sensible nre-
sentations, enrich them vwith the {niividual's assocla-
tions and manories, and project them into futurs courses 1

P

of possible, fruitful activity. In some fernlon, 1t vould
seem, must be explained ths differcnczs in the vercep-
tions of men end voman, of people in different occupa~
tions, diffaerent clim tes, 1ifferent steges in human hise-
tory.

Hence, to becoma & selantific obssrvar is,

not to put an ond to acrception, but to bring the raw

materials of onels sensations vithin & nes context, The

interestr wad bnvos, desires anl faars, of ordinary living

have to slip lato & buckiround, la theiv place, the de-
tached and disintevested exigences of iuguirdng intelli- F%

gerice have to enter and ss:uue contral, Meworlss will eon-

= .

™ tinue to enrich sensations, but they will be memoriss of
seientific significunce, Inagination will continue to nro-
long the present by anticipsting the future, but antieipa-
tions with & practical woment will ;dve vay to anticipationsf
that bear on a scluatiflic lsuues Just as tha voodsmen, the
o craftsman, the artist, the expert in any (ield accuires

a spontansous parcaptiveness lsckling in other men, so too

" e § »‘Vr‘-{ A .
am,éf?“”° 7y doas thse scientific observor,

M“{’ W x%/]&cf

A\ St1ll there Isaliiffaronse vnd tn &4 the

sciantist alludes vhen ha Insists that cclentific obsarve-
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Cof selentific abssrvation.
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tion is & matter of seeing just vhat there 4s to be seen,

hearing axactly whatever sounds are sounded, and so forth,

This claim cannot, I think, be teken literally, for the in- § 4
partlal ant accurate observar, ao less than anynnz elss, 1
23 under the dominance of & gulding orisntatlon, Hone-bhe U
laégg}%%ﬂ rladln does possess 1fs o2lesents of truth, for
the gulding oriantetion of the sclentlst 4s the orlenta-
tion of Inguliriny intelli;wnce, tho orientation that of 1tsﬁif
nature 1s a pure, detached, disinterosted desire simnly ]
to know, For there is an intellectual desire, an fros of
the mind, Without it, there would arlse no questioning, no
inquiry, no wonder. Vithout it, there would be no real
meaning for such phrases zs selentific disinterostedness,
sclentific detuchment, sciengifie impartiality. Inasmuch
as this intellnctusl drive is dominant, inasmuch as the re-
Inforcing or innibiting tendencles of othisr drives are
successfully excluded, in that meusure the szientific ob-
server becomas an incarnation of Incuiring intelligerice
and hls percopts move into colncidence with what are namad
the data of sense, hccordingly, it 1s not by sinking into
some inert passivity but by wositive ofTfort and rigorous

training et a wan becomes a master of the difficult art

2,9/ Oecondly, there is a canon of operation
Just as inquiry Into the data of senss
yields insights that are formuleted in classical and

statisticel laws, so invarsely, the levs provide premises
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and rules for the guldance of nuwan tctivity upnon ssansible
objectss Such activity, Ln its turn, brings about censible
change %o bring to light fresh date, ralse new guestionns,
stirulate further insivhts, and so genorate the revision
or confirmation of exlsting la-s and in due c¢ourse the %f
' g
-

discovery of nuov lavs,

In the first instance, then, th2 cznon of

operations 1s a orlucinle of ousilstive expanslon, Lavs

guide activities, vhich bring Tortn nw: laws, which guide

further activitles, ani <0 forth indefinitely, fé
Secondly, the cenon of oporations is & fﬁ
principle of constructlon, duan novs best vhat men mekes #?
for himself and so we bagen ouf studﬁ of insight by eranin- ?L()
ing that elementrry artefact, the cartechocl, But the devel—;E
opment of vcience 1s followed by a technological esynansion, f
by a vast increzce of tits things that san cen neke for him- %
gelf and so con untorstand zdecuately because he hos made g
then. Lorsover, the mdr@ refined and resourcaful technology §
becomes, the greater the frequency of the artificlal syn- {
thesis of natural productes, Thus, Hoture 1tselfl bacomes i
understond in tlir same fechlon a2s monts own artefacts, _?

L) L) \‘1
Thirdly, the canon of operations is & ;
_ . z. ' ]
princinle of unalysis. Cleurly, man cén analyge the objects ﬂ
|

that e himselfl cen eonstruct, Tut 1t 1s no less true that

z . .
he can slso analyge objects vhich, as yat, he cannot manage
to construct. For snelysis is a mental constructlon and,
where operetional control fails, theoreticsl knowladge cen

step in to account for thie failure of control, to identify
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the uncontrolled factors, to detarmine and measure thoir
activity and influences, to discount thelr perturbing affcct,%
and so to extrapolate to the law thet would hol! A1d they

not Intoarfara,

Faurthly, tha coooan of oparatinas ig a princiq%j

of cunulative verification. For laus gulie operations succegﬁ
Hercen, >4
fully in the maasure thwt they are corraect, Inversaly, in so

5

far as lavs and thelr im» {ostions in a vist veriaty of
situations ave rovastedly found unc:ass(l guldas of opera~ i

I3 - 1 > E 3
tions, thair laitial varification 1+ cumulatively confirmed,)

Fiftnly, tha canon of sneratlons sroviiles a
] i 1

tast of the imnartlality and accuracy of observations, I

E
|
f
i
do not mean that 1t makes intellectial Antaclunont an' /Aia- !

i 19]
interestedness superfluous for, as is clear, the noer of ?a
the totaldterian state can both corript the Judge snd vack ;
the jury., Buit, »hon a2 general consnirucy is absent, when %3
ordinary good »111 can be vrasunnosed, than the canan of i
apar: tlons, soonere or leter, will exn'bit on a grand scale ?

ik

in conspicuous failures, even slizht mistakes znd oversights|
in observation.
Sixthly, the caon of operations iz a »rin-

ci?ie of systematization. Insights yleld simple lavs, but

siuple laws are ancliceble only In -ure cases. The law of a
free £all hnldse in & vaeuum, Bub operations do aot oceur in |

a vacuum, Hones, e is driven to deternine the lav of air

e .-

resistance anl the laws of frictlon, Similarly, Boylets
lay has to be complomanted with Charles'! and Gay-Lussac's,

ani all three ne=d to be corracted by Van der Waal's formula

i
109
[
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tions of each to all the others, is to resch a system.

supuly the image in which insisht prasps the rules of &

‘the eypansiveness, the constructiveness, the anslyses, the

Thus, the cenon of aperations is a perpstual recall from
the abstract realm of lavs bo the complaxity of the concrate §
end =0 tqhnenesnity of evear more laws, tor ls tnls ail,

&4 mere congerles of lave vill nokt suffica, For if one 1s
to operate upon the concrate, one must be able o employ
8t onee cevaral lame, To amnloy swwe-al laws &t oare, one
must know the relatinne of each low to all the othiers. Lut
to know meuy lews, not ar s mere conrerdes of Jdistinet eome

pirical ganeralizatlsns, but In thi n-ksuork of intersrela-

Saventnly, the conon of npsratlons 1s a snurce
of higher vimwvainté. Alrewdy attontion has benn drawn (Chapf;
II‘ﬁl 2) to the difference batuean tho ci“rnit of AT nathewk;
matician and tha cirenit of the enpiricasl sclentlsts The i
nathematrician mounts o higher viewusints inaomueh an the

syabolic represontation of his sravious tarms and relatiasns

rore comprehisnsive systomstization, Hut tha ampirical 3cient§
ist advances to higher viswpoints, not solely by the con-

struction of symbolie images, but more fm;damentally by

constant checking, and the systematizing tendoncles of the
canon of ope? ztions, In virtus of that cenon, Iresh data
are aver being brought to light to foree upon sclentifie
conscinugness the inwdequacies of existing hypothesss énd
theories, to provide the evidnnes for thair raevicion and,
in the licit, vhan ninor correctilons no 1ongar are capable
of meeting th~ isgsve, to damand the radical transformation

of concepts i Nog tulat s that 1s named & higher viavnoint. ;

‘ -
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181, instrumental, or efficiant czuzoc, Intsruch as he
» »

.inher canétituents. It states that empirical lacuiry

9
7 awm? @&vm«
e,
3:9/ Tiirdly, there 1s & eanon of relavance,

The canon of ssleection and the canon of

onerationa might he reparded as ohverse &nl roverse of the
seme coln, Poth sre concerned with the elémentary fact that
the ervirical inquirer ls out to nnderstand, not vhet he

may imasgine, but what he astuvally sees, Tha canon of rele-
vance, on the other mind, aims at stating the type of under-;%
stending proper to ampiricel sciaoncee.

hov it would be ¢ mistake to sav that %

the empiricnl sclentist hae no nugse vhstever for finsl, matenﬁ?

pralises the value and utiilty of =cience, he speaks of finalﬁ?
causes, Incsmuch &8 he rloces that value and utility in tha
technological t-aneforinetion of rev meterisls, he nove
und scknovloedoes muterial and danstrumentel cauveess, Inss-
mich & he aceepts awd tots uvon the canon of operastions,
he is an efficion® canse enpaged in testing his knovledre
by its conseguonces.

N Hovaver, it 1z also clear that such
tvpas of cauvsxlity 1ie not in the core but on tha veriphery ;

of empirical scleonce, They ars ths concern, not of pure,

but only of applied science. Thay have to do with ths use tod

which science mey be puty rather than wIth the inner con-
i

stitnants of scionce 1tsalf,

The canon of ralevance rerards such

primarily eims at rsaching the inteliigibility immanent in
the immediate detes of s2nse, Once thut intelligiblliity s

w 31
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. an%ﬁpsychslaﬁ? af ths motivation of craftsmen,

reached, one con g9 on to ask about the value or utility

of such knovledge, about the tools that can be fushionnd

wnder its guldance, about the transfoematins of materials |

man can affact witn guch tools, But tha fi-gt step, on

whiich all others rost, is to yrasn the intelligibllity

Immanent In the iumodliate dato of sanse, j
vhat proclsely does tne cacon wzan? ;;

Firet, it presunsnses that the same duta een
provide & starting-point for ALl :rant tvnes of dnsipht,

Secorniily, 1t ohserves thut auestlons sbout final,

material, Instrusmental, and efficlant ceusallity sutomatic~
ally head one away from the date in hends If I ask about i

the end of the cart-wheel, I turn to carts snd carting and

soon find myself involved in the =conomics of trensporta-
tion, If I ask about the wood or iron of the cart-whesl,
the issue is shortly transnosad to forestry and wiecing, If

I ask obout the vheelwvrizhtls tools, I e+ led on to diecuss

o ey A T e WL i L L T

tachnolopgy. If I inguire into tuz vwha2lvrisht himself,
1 an confronted with the soclolowy of the rdivision of labor
wilh, hs
Tuirily, it 2lso obeerves that there is a {

further type of insizht that arises {mwedlately from the

dsta, Such is the grasp thet vrecedas and grounds the definiﬁ

I
+ian of the circle, Such was Galileot's inzight formulated '

5

into the law of felling bodles.BSuch was Kepleb's incirht i

formulated in the laws of nlanetery motion, Such wee Hewton'si

insignt formulated in the theory of undversal grrvitation,

Such has been the point {n the now vell ertabliched tech-

nique of measuring and corralsting measurswents. fuch 1s

- H? - o bt it L A O
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that is summarily deanoted by the single word, evolutlion,

be

the goal of the classical heuristic structure that seeks
to determine some unknown function by vorking out the
differen@f%quations, of which the uaxnown functlon will be
& solution, and by imposing by postulation such principles
a3 Invariance and equivalence.

Fourtnhly, it notes that this Ilntelligibllity,
immanent in the lmmediuts data of sense, racldes in the
relations of things, not to our sansas, but to onz another,
Thue, muchanics)studies th2 relations of masses, not to our
sens2s, but to one another, Physiecs studics tho relatlons
of types of sucrgy, aot to our sonses, but te ona annther,
Chemistry -efinoes its olements, not by their relations to
our senscs, Lt Ly their pleces 1 tha pattorn of relatinnw:;

shins named tiae periodic tanle, Blolo.,y has becoms an =2x-

planatory science by viewing all llving forms ag reletad

to one another in that complex and comprehensive fashion

Fifthly, 1t notes that thls intelligibllity
is hypothetical, It does not impose itsolt upon us, as
doas the maltinlicatinn table or th= binominal theoram,

I+ announces ite=lf as a posslbility, as vhat c¢ould ba the

ralovant corralation or function or leaw, Hov tho necessary |
mist ba, but the possible, tnough 1t can Le, may, in fact,

or @é? aot be, Hance, =mpirical scl2ace rests upon tun dis-é

tinet grounds, As inright grasping possitility, it 1s
scionce. s verificatinn solacting the rossibllities that
in fect ar= realized, 1t is empiricah}.

Thara 45, thon, an intelligibility immanent

1n the immadists dats of scuse: it residss in the_relatioas ;

- 83 -
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of thin:s, not to our s mses, but to o anothari it emgiets
not in an abroiut: necessity, but in 2 reslized jossibility,

Mnueht there not be int-oluced a technleal term

to denots thfs trne of Intelligibility? The trouble is
that the approprictn teenndeel term has long erirted but
elso hagz long been alsunlerstnod, For the intellicibility
that is neither final mor material nor ianstrarental nor
efficlent caunsality is, of eourse, farmal causality, Rut
when one speaks of formal causelity, som2 propla are bomnd
to assume that one means somrtiing connected with formal

logics othors are bound to cscume thot one means mercly the

the "=ort of thing that....". If bhoth of these misintor-

pretations are ercluded, vhat we have called the intolli-

Eibility immenent In sencible deta and residing in thno

relotiang of things teo ane snother, mipght bz nam2d mora

hriafly formel crurality T rathor, parhaps, a spacies
[

of formal consality,

=) 4.9// Fourthly, there is & canon of parsimony,

It is at once obvious and difficult. It &s
obvinis inasmuch as it torbids the emnirical scientist
to affirm what, as an empirical sclentlst, he doss not
; gnow, It is Aifficult Inzcmuch as knneing exsactly vhat one
0 j knows and what one dosu not know has been renutad, since

the days of Socrates, a rare achlaevement, None the less,

some accomnt of thiz fundamentel canon must bs attempted

at once, evan though its full meaning and impilcations

- 8L -
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cen conme to light only later, :

On the orevious analysis, than, emnirical %
method invelves four listinet elsients, navely, 1) the E
observation of data, 2) insight into data, 3) the foranla- |

tion of tha insi;htﬁ/or st of insights, and 4) tho verifi-

cation of the formulations,

Now, th2 empirleal invastigator cannot b said
to know vhat 1s not verifisd and hs cannot ba asid tn be
able to imow the unvarifiable. Bocoune, then, verifics-
tion 1s aescential ta hi. nethod, the canon of'parsimnﬁy in
1ts nmost elementsry form excludes from scisntific affirma-
tlon all statements that are unverified'and, still more

sQ, &ll that are unverillable,

4.}/ Secnndly, wverification 1s of forwulations, f

and formulatinns stete 1) the relations of things to our
seanson and 2) thy rolations of thinsn to nne another, It

followe that formulatlions countsin tvo tynes of terms vhieh

mav be named raspactively, exwnarlential ceajuputzs and nure

conjugaton,

dxpuriantial conjugates are correlatives whose?
meening 1s expressed, st lesst in the last analysis, by
appraling to the content of some human axperiance,

Thus, "colors™ will be experinntlal con-
jugates when d:fined by sopesling to visugl 2-:pori=nce; M
5sounds" wvhan defined by appasling to auditory exrerlances:
ﬁheat" vhen defined by awvpesling to tectile euperiences
nfared vhen defined hy appecling to on experlence of effort’;
resiatance, or preszsura, |

- 9§ _
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It i clea» enoaugh that mxnerlential coniugate
satisfy tha caron of parsimony. The fundanantel set of
' s:ueh terns L: werified, nat only by sclantists, but also by
the saculir oxnordence of hunanityve Jclentiste all further
terms in virtus of thelr soscelific oroacounation but as lony
as these terms sutlzly the d: inition of the experlential
conlugates, thaey will be {n princinle) verifiable,

(07 2rplepinlieg ) -
Pu?eﬂconjuﬁ:fes, on the nther hand, are

correlativas dafined {muifeitly by empirically astablished
.corralations, fancetions, lavs, tasories, systems,

Thus, magues\ mirzht be d2fined as the
correlatives implicit in Newton's law of iaverse squares,
Then, there would be @ pabttern of relationshlps eonctitutad

by the varified eguation; thi2 putiarn of rxletionships

would £ix the moaning of thy nalr of coefficlents, m, ,
m, i and the mmaing 8o datsrmined vould be the meaning

of the nuri, zazo, In liko mgnaar, hzat »icht be defined

L]

Ligplicitly Yy the First lew of thovmodwnanies and the
™ electric and ma actic Cisld Inteasitles, B and H, might be
regsrded as vector quantitier Jefined by Hexwell's nquations
for tha alectro-magnetlic fiszld, (Y29, 2 tnis »oint,
Lindsay and iargenau, p., 310,)
How, surh puf: conjugstes satisfy the canon

of parsimony. For the equations are or can be 2stablished

empirically. #nd by delfinition, pure conjugsetes mean no

L—J more than necesserlly ls implicit in the meaning of such

verifisd squations,

Thers is, however, a 1ifference detwesn

- 46 =
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the mode of varifying pure conjugates and the mode of

verifying experiantial conjugates, For tha :wperisz:tiasl

conjugate is eithe=r a content of axperleuce, such c¢o gon-
ing red or touching extension, or alsey a correlative to
such a content, for instanca, red as seen or axtension as
‘touched, or finelly, a derivative of cuch correlatives, s
vould ha the red that c~uld be seen or the extension thust
could be touched, On the other hand, tha purn conjugate
has its verification, not in contents of experiencs nor
in thelr actual or potantisal correlatives, but only in com- ?
“binations of such contents and correiatives, I sez, far I
lnstance, a saries of extonsions &nd alongside aach I see
a yard-stick: from the geriss of combinations I ohtain &
garies of massurementa: frig aqotier =zarl:e of comblastions f
I obtain ansther carles of mscuurements: from the corrala-
tion of th: two sorieg, togetner with the lsap of insight,
I am led to posit &s proba&bly rsalized som? contlnuous
function: nure conjugates are the uinimal correlatives im-

plicit in such functions:; and tholr verification finds 1ts

ground, not in exvericnce as sach, but oaly in th= conm-

bination of combinations, atc. , ete., 2tc.. of axperisnces,
As tha raader =ill hava uotad, tha defi-itions

of vure anid arparientisal coajugates dron all mention of

things whather related to a1 a:other ar to our sanges,

The reason for thils omisslon is that the notlon of the

Mthings™ is'highly ambiguous and, as yat, we are unprepared

Chuprlee VL
" -
to apply the canon of parsimony to it (Saaﬁ . ). Howsver,

though the notion of thing huag basn omitted; the print of

87 -
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the distinction betusen the rolations of things to one
anobaer anl to our senses rarsing, For in every axper-
lenco one may distinguish betwesn contant and act, be-
tween the seen and the seeadng, tas hzard aad tae hearlng,
tha tasted ent! the tasting, awx! so forth, Lot us raoresont,
then, any s .riss of xpeviences by the series of palrs,
AAY, BB, CC',..,,ss, vhere the unprimed letters dennte con-
tents and primed lstters denote thz corresonaling acts,

dow corralations may ba re:ched by combindng b uaprimaed
comonents, A,B,C,ee4sey, Or by combining the primsd com-
ponents, Al,BY,C',..,.,, Or by combiining both primed end
mprimed components, In the first case, one will deal with
the relaiions of eaitents to one anotih-r and mig will pros-
cind from thie corresiyn:iing acts; am? dn this fashion, viith-
out any mention of things, on2 deals with that hithurto

hes been named the relations ol things to one another, In
ths sacond case, ona will wrescind from contents ant cor-
relsta acts, to obtain & psycholojlcal or coynitional
theory. In the third case, onn vill b: euploying 2xp=r-
fential coniusetes and further {nformecion wiil be ?s;ded
to settle w.iother aar s worsing tovards the goal Oﬂxnatur-
al secimnces or of copnitional tisory,

Further, &s this analysis raveals, thava are ,
only three basic alternatives, Sither one's torms are ax-
periential conjugiatas or elsa thay are pure conjugates
pased on combining contents alone or finally they are a
dpecial case of vure ecmjugates based on combining acts

alonae. Still, theoratical analysls is one thing, and concr%§

practice is anothar*. Thus, one wnild be Inclined to say

o4
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that physicists move asasily and unconscinusly back and
forth between the use of 2xperiontial and pure conjusates,
Vhen they are called upon to define thelr tarms, commonly
thay will suupore that definitinn comes at the brginning
and so offer dafinitions of expariantial conjugetes, On
the other hand, methodnlogists ani theorists of ampiricel
science will be ocuzzled by the multipliclty of dafinitions
avallable In a mature scionce and so they tend to dlsaireag

with ons another. Tans,t, Cagsirery in his weli-knowm
(v

Substance and Function emvhaszizns th. relatlonal snd sorisl
avpact of sclantific tarus, V. Lenzen in his N..turee of
Physicul Tiianry econesizes the genetic process th t hegins
from expariznulal contents of foree, hat, extonsion,
duration, ete., to move thfough a process af radafiuitiqﬂ
towards terms Implicitly defined by emgiricélly astanlished
principles.aﬁd laws, Finally, Lindcay and Marvganau in their
Foundations of Phvaies, wille they are more concarnad vith
ideas than concepts, mey be sald to cxhibit & preference
for terms implicitly defined by equations,

For our purnose it would seew to be

theorists of scilence employ in diffarent manners and to
show that these m.terials, desoite incidental varlatilons,

satisfy the canon of pacsimony,

/J‘fﬂu qu@ f%

4.5/ Howaver, besides tho classical laws, thare

also are statictical lavws; and zince tha latter as waell as

the former av» verlfiable, it would seem that, besides pure

- 89 -




and experiontial conjupates, one must also recognize events.
When the demonstrator in a lecture room propounds a law of
nature and procceds to illustrate 1t by au 2xperiment, he
does not inform his elass that tho law w11l be refutad
if the experdmont does not work, On the contrary, he poaints
out that the law retains 1ts validity even 1f it happens
that the expsriment is a failure,And membars of the class
may add interest to tho procendings by determininz the
statisticel law of the demonstrator's successes. “ho law
of nature, then, is one thing., Th2 evant of its 1llustra-
tion is asnther. And such events ar= subject to lavs of a
different type which 1s named statistical,

’hat, then, 4s an evant? The sinoleast anawer
is to say hhut le a primitive notion too simple and ob-
vious to b winleinad, S5till, all primitive notions, how-
ever simnle and obvious, are related to ather ecnally
primitive notions, and the set moy be fixed by of Fering the
data in which Insight may grasp tho relatious.

Let us begin, then, by formulating our answer,
Bvertts stand to conjugates as guestlons for raflaction stend
to questions for intelligence,

Vhat 1s meant by a conjugate has been ex-
plained,

Horeover, Knovledge of conjugstes resalts
from a process of inguiry, of acking questions: and the
ralevant gquestions all have the peculiarity that nons of
them can be an:swered apypropriately by simply saying either
"Yash or "ﬁo" Thirs, when one 2sks what is the "nature of
euae!, MEhz movt of thing that,.,",the "such as to.,.",

- 90 -
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the correlation ko be specified, the Indeterminate fune-
tlon to Lo Ietersined, it 1s always meaningless to answar
"as" or Mio", Cuc is callod upon to state the nature,
specify the correlation, -letaraine the functlon, anl that
can be done only by ccnieving the inszights tnst ground the
formulation, first, of oxperiential and, later, of pure
conjugates,

But for every answer to a question for intelli-
gence, there is a corresponding quastlon for reflactiont |
and all questions for reflaction have tha pecuilarity that
they can bhe anuwerod appropriztely simply by saving aithar
"Wesh or "o", If I a«sk vhat & body is, I cun also ask
whothar there are bodies, If I ask Koy how boiles fall, 1 O
1 cen also ask whether bodiss fall, If I ask hov bodiaé
would fell in 2 vacuum, I can &l:0 ask whether any bodles
ever fall in a vacnum, Genorally, the enunclation of avery
law can be Mllovad by the guestion for rﬁf;ection that
asks whether tha luw 1s verified, and the definition of
every term can bz followed by th» guestlon for raflaction
vhether the defined exists or occurs. Inversaly, whanever
~one asserts verification or existence or occurrence, one
may be asked vhat 1s verified, vhet exists, what occurs,

Thus, questions for intelligence and ques-—
tions for reflection ars universally concowitant and com-
plementary,

There 45 a parallel concomitance and
complementardty befveen conjugates and events. Vithout
events, conjugates cen be nelther dlscovered nor verified.

Witunut eonjugates, events can he nelther distinguished nor -
- 91 - '
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releted, bLuch, I submit, 1= the elemantary schems in
which insipiat ¢ on wrasp »hat is meant by the othervise
puzzling nunz, event,
3oV formilations that concern events satis-
fy the canon of parsimony. For probubility expectations
or statistical lavs are formilstions thet answer thn ques-
tion for intelligence, Ho*'often?ﬁlThey concern events,
for the frequency thay assign is a frequency of avents,
FPinally, ths= fréquancy ag:igned by a statisclesl law is
verifiable; for the assiﬁnad frequency 1s an ideal fre-
quencys it 1s distinct from tne acturl frecuencies that
can diverge from it in non-systematie fashiony @nd 1t can
be verified by annealing tn those actnal freguancles, 9
At this mint our cecount of the cannn of
parsiaony must he brought to a cloce, 4s the reaadar will
have observed, attention nas beeax coafined to the positive
aspecté of the candn, to the experiential conjugates, the
pure conlugates, and the sveats that are the terms of
werifiable formlations, Whither things and thelr existence
satisfy the canon, is & further iscue on which ve have not
touched, On the other hand, the negative or axclusive as-
pects of the canon, though they constitute its chief sig-
niftcance and utility, are too numerous to be mantioned

and can best be dealt with inecidentally when occasion

arises.
5,9, Fifthly, there 1s a canon of complete
explanation,

The goal of empirical method &5 commonly

stated to be the complete explanation of all phenomena

- % - o iL -
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or.data;

In a genge, HArseversnce it the pursult of this
goal 1s assured by the canon of salection esnzcially rhen
it 1s implemented by the canon of onerrvions, Any perticular
invaestigetor méy overlook or 1lgnore certaln dats, But hils
oversipht or disregerd +111 normelly bhe corractaed by other
investigutors substantiating thelr hiypotheses and refuting
those of thelr predecsssors by anpeeling to L tharto neg-
lected fact:e.

Nou the less, & ceparete emmelation of
this canon is ralevant nerticularly st the present time
when a mistaken tolst piven to sclentific method at the
Henaissancefi&_{igglgﬁ being overcome,

Vheﬁfwe diztinguizhed hetveen experiantial
and pure conjugstes, Gilileo distinguished bet:. een second-
ary and nrimary gquelities, Secondary qualities ver: merely
subjective aﬁpearances that arise In an enimal's senses as

a result of the action of other nrimary qualitiest: sueh

appearances were illustratea by color &g seen, zowmdrs asg

heard, heat as felt, tlekling as erperlenced, ond the llke,
Primary qualities, on Lhe other hand, vere ths methomaticsl
dipensiong of the real and objective, of mattar in motion,
Hence, #hile se would place sclentilic progress in the move-
mént from exn:ristisl to purs conjusates, Galileo placed
it in the radliciion of the merely appereant secondary qual-
ities to thelr real and objective source in primery qualities
The erucisl difference between the two nosis
tions regards space and time, For Gallleo, thsy wire primary

qualities, for thers would be extension and duration if
- 93 - !
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there were matier and rotinn vhather ar not &y animals
“ith thelr sensitive e periences axisted. For us, on the
athor hand, there 1s to be Jdrawn the same distinetion be-
tween externion gnd duratlon &s experlential snd as pure
conjugehar wn tuiore s to ba Jrava batueen tue tvo formu-
lations o ¢olars ~r smund or heat or electric phanomena,

A3 axporiential conjugates, exteasinng and
durations are definad 85 correlatives to cartalin familiar
giements wiltnin our experlences,

As pure coantopates, extension and duration
are defined innliciftly by the pastulets thet the prin-
ciples and lavs of puysics &re invarient under inertial or,
generally, under coati uous transformations,

Taus, on our &nalyvsis, the space-time of
Relativity stands to thwe extensicas and durations of gx-
perience In exzctly the same relations s+ wave-lengths of
Light =tand to &xperiences of nolor, as longitudinal raves
in 3ir stand to zwyperiences of tound, & the type of =nergy
defined by tha first lar of thwrandynanles stands to axper-

-
L

fences of hizat, a,, etc.y

Horaoﬁar, in our snalysis, this criclusion
rests unon ths canon of complets explanation, All date are
ta be wwalainad. The explanation of date cnnsiets in a pro-
cess Trom experieatial conjugetes tomsrds pure conjugates,
Therefore, from extenslions und duretions as exparlenced,
thare must bz a vrocess to extenslons and durations as im-
plicitly 4=Tined by empirically established lars.

Furt.ar, as extension ans duration, so also

local movemait has g preliminary d=finition in terms of ex-
_94_
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pariaatial conjugatos and an sxplanatory definition in
terms of »ure conjurates. [t ras abvious and excusable for
talileo and Kenlar and dewton to coneeive local movement
in the tvo steps of deteruianing & path or trajectory and
then correlating voints on the path @ ith instants of tima,
After all, “h:1 a man crossas vha strest, wa see at nnce
the vhole Metuiuce that he froverses but ve apprshend the
Aduration of his movewent &s eomeoxitent with toe duration
of our vatclilug, lion2 the less, thle accovnt of 1oyl movae
ment can be no mor: than oraliminery for, throughout, it
15 in termz of movement as related to us, as in tarns of
exnerlantial conjurates, That move- it 1s, vhen movaments
are defined In terms of thedr ralatlons to onn ammther, is
anothay guestion, Ths anzver o if will dopend unan the
an-war that determines extension: ant durstiong &8s pare
conjugates; anl so 1t 1s that Ualativity mechenics cone
celves a velocity, not as & lunchlon of thrae dimensions
*th time as a parameior, but 2o a funetian of four dirone-
sions, of uhich three are cpatizl wnd the fourth toemnoral,

If we 2dd ths ca.on of parsimony to the
ganon of corplata synlanation, nore fundemantsal objections
to the Galilean thuory of sceiantific explanation eome to
light,

Both experiantial snd rure conjugataes are
verifiable, and In ¢o Tar «z either are verified, thov poss~
ggs an eqnal clalm upon ressoneble affirmetion, It Tollows
thet (Galileo!'s repullstion of secondary gueiities o5 mere
appearance 1s a r2jaction of the verifiable as mere avpears

Arice .
- 95 -
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Inversoly, Galileo dld not base his affirmatlon of the

reality and ohjecﬁivlty of primary quallilos upon & elaim that

hege qunlltlos, aa ho concelved them, were verifiable or verlfiled.
Accordingly, hlec affirmstion was extra-sclontific. It did not
satiafy the canon of parsimony; and today, 1f anyone were to

try to bring the Gallleen poslition Into lino with thet oanon,

first of all he would have {0 sottls an account with Elnsteln who
hes mede voirlous proposals resarding tho space-time of physics and
has somo gro'mda for aupposing his line of thought verifiable

and, to some extent, verifled,

6. The Canon of Statlsotical Resldues,

3ixthly, thore la a canon of sitatisoticol reslduss. It prén

L e T

suppo-es the eoxlgtence of inquiry of the clauuical'type and from
thet pronlse 1t conoludes to'thn oxintence of resldues that call

E for gtatlstical Anquiry,

6el The General Argument, |
The bacsle distinctlion Ls between abetraot systen and rorbi~-
oular ceses, Both are objects of 1nw1ght; But the particulor case

ig the typleal lnstance, presented by sense or lieginatlon, and

‘“ﬁ_' wnderstood by lnsight Into the prosentation, In contrast, the
o | abotract system is nmitﬁar geneible nor imaginable; it ls a con-
ceptuel objact constituted by terms and rolatliona that, at least in
tho lasd reaort are deflined 1mpllcitly.
1 Partlouiar cases are relsvent both to the gonesis and to
© the application of abstract system. For tac formuletion of aysten
L) cones ot the ond of a ocumulative neries of Ilnsights into dlfferent

varticulay canea. Again, once abatract nyoten in formu?ahed, it

can be apilied Lo coterele sltuptlions only in so Iar as thore

occur inelghts into tho situstions aa_senaibly glveng for without
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such lnsights there cannot be selected the relevant lows of
abstract system, thore camnot be determined the mode in which
the lawn combine in the sonorete situetlon, ond thore cannot be
ax.lbstitt.lted_ numor-ioé.l values for the varlables and undetermined
conptants of the general formulae. .

Now let us suppose full knowledre of all clapaical princle-
ples and iawa. Thon we suppose full knowledpe of alaetract systemt
for principles and laws are relatlonsy such rolations necesserily
involve the terms that thoy define Ilnpliclily; and abstract sys-
ten conslgts in.termn Impliclily derined by the roelations expressed
in verlfiod princlples and Iows. . |

- However, 1f this full knowledre of abtstract system 1ls to
be applied to the concrete universe, .there will be neededs & manl=-
fold of 1risight.s 1nto partlenlar cases, PFor, as was noted above,
abatraet gystem ls aprlled to concrete sltuatlons only as lnag~
much as inolight inte the situations selocts the rolovant laws,
determines tho mede of thelr comblnatlon, and aubﬁt. itutos numeri-
cal valuen for the varisbles and undetworamined constents of the lawa.

At111, thie manifold of partlicnler coases is onoymous, and 80
thore arises the question whether 1%t ecan e oast .into some ordeved
saquonce, If it can, then knovwledcs of itho sequence and of &
fow atrateploslly chosen partlculer casés would aufllce to transe
form meatery of. abstract Byn‘éam into & solontifie understending
of tho universe. But if 1t camnot, if tho manifold of particular
conep doos not form any kind of ordersed seouence, thon abatract
system cen be applied only to & limited range of partionlar cases,
snd new methods mast be found if we are Lo roach an mderatanding

of the concrote unlverse as a vhola.

\
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In fret, it can be shown that thers do exist recurrent
rartlcular coses. For exumple; our planetary system is porlodle;
1t is an Individunl set of masses; most of thom aro visiblej and
a reolatlvely small numbor of conoreto lnslghta mokos 1t rossible
to detornine oan indefinite sequonce of pnrtlicnlor cnses.

On tho other hand, whlle nuch schonos of rocurrence are many
not only in number but also in kind, still esch vresuprposes @g&g@
meterinls in o sultoble constellation that tlio ﬁcheﬁo 444 not,
bring avoub, and each survives only as long as extranoons dlsrupting
facotors do not intervene. Tho porlodlcliy of the plonctary system
docg not sccount for lte orlpin and carnot guarcontee 1ts survival,

Horeover, there does not scom 0 oxlct eny wunlversnl scheme
that controls the emergence and survlval of the schemes thot ve
know, Accordingly, in the lagd anolysls we are driven to accept
the second alternatlve, Thero doos not oxich o single ordered
peanence that embraces the tdtality of partleular cases through
which abotract system might bo applled to the conerete unlverse.
In othor words, though all events are linked to one another by
low, still tho lows reoveal only the abatiact component in ocon- '
oro’e relatlong: the further conereie component, thourh mnstered
by 1nﬂigﬁt into particvlor coses, ls involvod in the empirlcal
vocldue from which systenstizling intolllcence abstractsy 1t
does not adndt genoral treatment along clasalcﬁi lines; ;t is a
reoldue, loft over ofter classical method has bLeon npplied, and
it cnllas for thwo implementation of statistlenl mothod.

Such 18 the genopal argument, and a nors dotalled seomn

account of ite moaning now has to be attempted,
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7he Nfiom 1 AbadracLon.

{
A first task 4s to clarify the notion of i

6.%/

abstraction, On o =imple and comvon view, the abntract
18 an imnoverished renlica of tha concrote, "Rod" means

vhat 1s comion to e2ll instunces of Mred", Man' means

whet 13 comnon to all inshurices of "man", That is all
there i3 to it.
How with thls viov of abstraction, ons

cari admit classicsel lavs and one can ainlt statiztical

mannsr in vhich bath elas. lcal and statlstical laws ean
he acknowlaleed, iniz mav b2 shown as follows:

Let A, B, C, deote sercible data, and
let &, &', a't,,..,b, bY, DIV, ,.e, c, ety "', ..ay
denote the totallity of tuelr imroverlehed replicass Than,
there is no aspect of rousible date without its impover-

ished replica; inversely, the totality of sensible data can

be eonstructed out of the totality of imwnverished renlicas,
Hencey, 1f aon~ admits some classicel lavs, .

one admits that some imdoverisned renlicas ars related grs-

tematically. Horaover, il ons alults the elassical lavs as

ohjective, thore must be systematic rolations not only be-

twaen the impoverished renlices buz a&lso batveen tha con-
erate aspacts of sensibls data to which théy earragpond,
It follovs that the classical laws cen he oblactive only
1f they hold in the concrete. Finally, it «ill b2 only

by dénying tha cenon of ceomplete explanation of all data,.

that one can almit systematic relations batusen soms im-

- 99 - |
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poverished e licis and Aeny systematic relations betveen
othners, Ii -i11 ollow tinat the oily laws will ba class-
ical lavis, and bthet statistical laws cennot be mores than
& cloak for 1gnorance.l

Inversely, if one alnits some statistical
laws, then one denies systenatic relations batv.ecn some
impoverished rewlicus, If th= statlstical laws &rs ohiect-
lve, there caanot be systeuwatic ralstinns betwasn the
corrasponding asnacts of sensibla datyu, At lesst in those

cages, classical laws aro excluded, Horeover, to sra thst

elassical laws are not maraly ths macroscopic 1llusion re-
sulting from a multifude of microscoplc, raudsm occurrences,
a correct theory of th: abstract is needed; and in the pre-
sent hypothesis, that correct theory is lacking.
Vhat 48, thoa, the corrsct thoory?
oo Far from ba2inz a mere lmnaverishment

of the date of =wasy, abustraction in all ity escentdlal

moments is enricalng. Its first momant 1 an enciehing
anticipatlion of an Iintalligibility to be &dded to son-
sible presentations: there is somsthing to be kaown by
insight. Its second momont 1s the ersction of hsuristie
structures and tne attalinment of dinzlgnt to revasl in the
data viat 1s variously nanad &s ths significant, the rele-
vant, the important, the essentlal, the idea, ths form,
Its third moment, iz th: formulation of the intalligl-
bility that insight has revealed, Only in this third

moment do=5 there ajpesr the negatlve aupect of abrstraction,

tha negligible, tie lneldental, tixe merely empirical residue b
- 100
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Moreover, tils omisslon is neithar absolute nor definitiva,
For tha ompirical re:idue pos:esses the universal proparty
of being vhat intellipence abstracts fros, Duch a universal
proparty providas the basis for a second set of heuristic
procedures thet taxe thedr stand on the sinole yromise

that the non-sy:stematic cannot he sy-tematized,

How our whole affort has basn to draw
attention to the fact of incight, tn the enriching moments
on which abstraction follows. Accordingly, it I: in this
sense that we affirm clussical lavs to bs abstract, and
it 1« in this s:nse that a canon of statistical residuns

& bntﬂeen determinism s#d intotermindsm,

0 far from bainy an lmpoverishmant of sensible data, ab-
strectlon is an aarichnent thet woes bheyand tham, Bacause

abstraction gozs hayonid the sensible field, the frontiars

of the abstruct are not cotermluous vith the frontiers of
the expericnced. Hence, full and axioct kno-ledire of ths sys-
tems to be reached by abstraction by no means denies the
existence of an empivical resilue thit is non-systematic,
Apain, just as in abstrzetlon we prescind from the emniricel
residue, so vhen we come to th: eoncrate apnlications of
abstract principles and lazs, we are forced to take into
account the noi-systematic conditions under vhich tha

gystamatic has its concerate realization,

Tle Hstinctruns if. Clussizal faurn.
5,;/ ' In"the -econd nlace, it may be well to

recall that clessical laws ars abstract 1) in thelr heur-

{stic antieipation, 2) in tho experimental techniques of

their discovery, 3) in tholr fornulation, and 4) in their

° :j) | A
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Thay are abstract in thelr heuristic antici-

pation, For that suticipstion rests oa the detached and
diéinterested drive of inguiry, and it consists In a pure
desire to wnderstand. Hence, the canon of relavance de-
mands thaf e o2 the immanent Intelliglibility of the

data: the cuuon of parsimony demands that one ald to the

data no mors than the formulatina of vhat is grasped by
anderstanding and verified; and tiin canon of coniplate
axplanation demands thet tals parsimonilous addition of
intelligibility be effucted for all data. Moreover, this

anticipated enrichment 1s seon to be universal: tha nature

to be known will be the sane for all data that ore uot
slgnificantly different, and the corrslation to be specified
is reached only if Lt holds for all parallel instances,

Seocoadly, classical laws ar: abstraet in

the experlmental technlques of thair dlscovery, For the

axparimenter mikes no pretence to deal with conerate siltua-

s e T I DY S T L e A 2

tions in thelr native complexity: on the contrary, he aims
overtly &t reducing that complexlty to a minimum and so he
does all he can to bring thoe concrete Into soms approxima-

tion to an 1i=28), typical, definsble conjunction of mater-

1als and agents. kccordingly, as he begins vith an affort
to secure materials from which &l)l impurities have bean
removed, s¢ he ends with an aryument that rests on thsir

theoretical definitions. As he begins by requiring instru-

ments constructed in accord with accurate specifications,
o 80 he ends Yy interpreting their performance on the basis
of their ideal, often schematic, structure, He ma2asures,

but he doss so meny times, and hils accepted result 1s just
- 102 '
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the probaLla muwn of actucl results, He reaches a con=-
clusion with uhich others agres, but the agraoment, makes
gllovance for tho intrusion of nvtraneous factors and 4t
acknowledzes no mor2 than a2 limdtaed nu-bar of significent
- decimaﬁﬁ}places. At ovary turn it -segems appirent thut the
concern of experinent is to Adetermine, not the particular
observable qualitles of the partlcalar materlals with vhich
one d=als, but a theoretlcal corralation betwean rdelinabdble
and ghstract entitles,

13
I

Thirdly, clascical laws are abstract in their

3

formulation, Ags laws, thay are correlations linking correla-i

t
i

tives, and the corrslatlves are never ths unique duts of

some particular time and »lece, Indeed, they aro not 2ven
genaralized data, hut goneralized combinations of combina-
tions of courdnationg of data, Yor may one supnesz thot the

data, taxon in tn:se serial comblnations, uniquely deter-

S bk KA et sy 0 AR T

mine what ti- law must be, For the discontineous sat of

it

observations, represented, say, by points on & graph, can
be satisfied by &ny nuaber of lavs, of which tha scientist

choosas the one that, all things considered, he reputes|

to be the simplest, Enrichiing abstraction is still at work,

Fourtnly, classif&} lavs are abstrect in

their verification, For verificatlon 1s reached, not by

appealing to this or that 1solated Instance, tut by secur-

> .
ing as large and various,range of instances as both dirasct

and indirect proczdnres mike vossible, It follows that vhat |
{s verified 1s, not thic or that perticular proposition,
but the general, abstract feormulation that alone aimits the{

large and varlous range of &v»lic.tions, Acaln, to ropsat

- 103 -
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the argumant Sram annther viewpoint, what is verified is
what can be r2fulad or revised, Vhat cen be refutad or

reviced, is thie gyucoral, abstract formulation, And so vhat

1s verified is the generul, abstr.ct formulation,

W iign eod i
L2 it Drager il Ly omes

he thirl placa, an obl2etlon must be nmat,

é.é/ In
Takaen singly, classical la & zrs abstract. But vhat 1s true |
of single laws, need not be true o th: totality of lavs,

The single laws ars abstiract bscause they do anot caver the

[ 4
totality of aspects of the data, But the totality of lavs
} ? would cover that totulity of aspocts, and so the totallty
would b= not abstract but concrote,

Hovi this objaction may be merely a raeversion

wrat v gy sy e Y

to the assumption that abstraction yilelds merely an impovnr-:

ished replica of seasibls data, In thebt case, 1t has baen

T ey s .

met already, Por tho tdtality of aspects of data axplainad
f?“é by the totality of <lasalcal laws vwill not ineclule the as-

pects that w: have nened an empl-ical residue, (S92 Chapter 1

~Ea;f5) fven when all classical lavs are Xno'n, individuality}
will not be explained hut abstracted from,.

However, the objection may be advanced by
those that grent abstractlon to be not impoverishing btut
anriching, Thiwv will point out that ths: canon of aneratinns
forces empirical inguiry tn go heyond th: mere aggrepation @

of isolated lavs to the develonment of systems, It is not

anoﬁgh to know the law of falling bolies, the law of air
resistance, the law of friction, One also hae to knov how
to apply thesa laws simultanceonsly 1f one 1s to solve

- 104 ~

e S ;:) :
- _ . LA




T s e A et

b A i P St Ry LTS

L
HE
¥

sl
¥ T

H '*..'-H.N

13

practical vprobl:ms. Hence, the dizcovery of laws has to

be accompanied by the discovery of correlations betreen
laws and, no less, of correlations between the corralatisns,
There exists, tiuen, & movement towards the systemstle anifi-
cation of classical lavs and, as this unification is prompt-;gi
ed by concrete prpblems, ortg may axpacet that, vwhen all .
laws are known exactly and comnletely, there also will be
Known a systemetdic unificatinn commensurata with world
process In its concrete, historlecal unfolddng,

This consideratioa 1s, I tilnk, imprascive,
But, strangoly eno:ugly, world nrocese in Ltes concrate hige
torical unfalding rather coasnlcumacly makes a large and
generong usa of thy statistical techalques of large aumbers
and long iuvto rvels of time: 1t exhilbits ot 8 rigld but &
fluld stability; it brings forth novalty and develosment:

it makes false sturts and suffaers break-downs, It would
seem, then, that an understundiag of tite conerete uninld-
ing of the world process will not be based exclnusively on
classical laws, however exactly and completely kiovn, but
in a fundamentel mamnmer will apneal to statistical laws,
Accordingly, the facts force us to & closar
serutiny of the argument from the systemstie unification
of laws, and tne scrutliny brings to light an underlying
anbiguity. It is one thing to attain & systermatic unifica-
tisn: it 1= another to resch an imzvrinative syantnesis,
Thus, Riemennian geometry da a systematic unification, for

it provides a single cet of principles and technlgues for

dealing with n-dimensional meaifslds of various curvatures,

But Rlemanctian ji2omatry 1s not o Imegpinative synthesls for
- 105 -
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vwe camnot imazine morse than three dimenisions and we
normally imagine only flat surfa:cei. Ageln, Ptolemy and
Copernicus possessed imarinative sy;ﬁheses of celsstial
movements: but the laws of those movenents were discover-
ed by Galileo and Kepler, and the systemétic unifiication
of the laws was the achievement of idevtonian mochanics,
To offer another sxamovle, nineteenth century physlcists
made a notable cerles of efforts to construct an imaginchble
model of tha asther, (See £.T, ¥hittaker, A history of
the Tneories of Asthexr and blectricity, Dublin University

Press, Longmans, Loadon, 1911), But the fruit of their
labors vas a sy:stematic set of eguations verifiable in
pointer reail.gs, Today ons may proefar Einstein, vho
clings to determinist vievs, or one mey join the msjority,
vho regard Guantum Machanics as satisfactory. But neither
alternative off'ers an imaginztive synthesis, For finztein
offers a zet of wagolved differentisl equations for a foure
dimensional, curved manifold, and Quantum Mechanics, as

it origlnated by glving up the attempt to carry through

N, Bohr's molel of the atom, so now 1t refuses to portray
the objective process tnat leads up to obsarvables,

There 1=, then, a difference between sys-
tematie unifdcation and imayinative synthesls, Systamatic
nnification 18 effacted In the loyicel or conceptual ordar,
It {s attained when the totaiity of laws is raduced to
minimum sots of defined terms and postulates, so that any
law can b2 reélatad to any other, and any aguregate of laws

can be intelligibly combined and simultaneously employed,

- 106 - S
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On the othur hand, an imaginative synthesis 1s secured
when images, informed by insight, are gltered in accord
with known laws, In this fashion ons may imepgine the sun,
tha platets, and thelr satellites in apnropriate colloca-
tions and understand thelr imepined movements 1n accord
with mechanical laws, Clearly, such imapinative synthesis
goes beyond tho abstract content of the laws and sapposes

that certain bodiss exist in certain relative positinns

with velocities less then tha velocity of escape, One has

passed from the tizks of pure scisnca: one has introducerd

e B A e

the suvpositiong end the facts that partain to apnlied
, science. How the ultimate attainmont of & systematic
5 pumeduda

| unification of classical laws will not sabtda any par-
:_' | ticular matters of fact, and s0 that ultimate attalnment
canrot include an imapinative synthesis,
ke | | Ao systenatle unitfication does not incluode
Imaginative synthesis, so it Jdos2s not ovan pusrantee its
possibility. It i: true enough that imuges are necessary
for the emergence of insizhts, but the images mey be not
representative but syzbsalic, not pictures of the visible
universe but mathematiczl notations on pieces of papsr,
Fven {f ono suprosed that, just as the imsi= of the cart-
wiieel approximates ¥8 the defiritlon of ths circle, so
some representative imaze approximated te evary classical

law, nans th2 less, 1t rnuld/follou that the agrrogate of

¢

L_J ' approximate images might somehow coalesce into & composite
| plcture that approximated to the systemafic mification of
all lews,

The objection, than, breaks down on two
| - 107 -
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points, In itself, it is inconclusive, Knovledge of 2ll
classical laws would be an understanding of tha concrate

only 4f it incinisd a vast imapinztive synthesis, It is

true that omniricyl Inquiry heads for a systematic unifileca-
tion of 1ts laws, but there 1s no evidence that suen &
gystematic wnification encures the pogsibllity of any
imeginative synthesis, Morsover, 1f the totality of class-
lcal laws provided arn understending of the conerets,
statlsticel laws wonld bz superfluous, DBut the c¢onspicuous
use of statisticel technicgues in world process shovs that
statistical laws are not superfluous in &n understanding

of our universe,
' 6.;, In the fourth place, a1 attempt must be made
to Indicate mora pracisaly both the indeterminacy of abe-
nhaliore IF e
stract classical laws and tne consequent statistical resi-~

dues, Hence, 1t vill be argued 1) that clascical lavws hold
in econerote Lastances oaly inasmiuch as coarditions are
fulfillsl, 2) that the conditions to bs fulfilled form
m, Kha. et
diverging seriss, und 3) thet tus patierns of such diverge
ing seriés are a non-sygtgmatic agiregate,

(E{.q¢.¢:¢¢g xa-uw Mmﬂa.
6,537/ First, 1t is voscible to apply classzical

laws to concrate situatlons and thersby reach conditionad
predictions. |

For exzmple, 1f two motodlcars are h-aeded
fof the same svot, if their distances from the spot and
their speeds are egqual, tihen they will éollide, provided

they do not alter thelr directions or speeds, and provided

- 108 -
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that no obstucles force them to do so,

[l L5

w1 1lurly, la the yeueral caese, an event, 2,

can be coaciuded from orior circumstances, Y, provided some
P, G, R, ... contiime to occur ani provided some U, V, ¥,
eess} do not Intervene,

i Secondly, tne necessity of positing conditions

is universal, For the link betwesn the antecedent clreum-

S gtences and the consscusnt event rests on abstract class-

ical laws. Just as tna discovery of such laws rests on an

experimental exclusion of extranesous factors, just as thelr
(A verification stends desplte contrary instinces in vhich ex-
vfﬁ | traneous factors ar: not excluded, so vhen ona retnrns from

the abstroct to eoncrete applicatloas, the possible eoxlst-
i ence of axtraneous factors has to be taken Into acrcount,

Thirdly, when the daducad or predictsd event

P P R

R . is fully detzrrinzte, then the conditions must be fulfilled
richt up to the ocuurrance of the event.
To return to the example of the two motord
.cars, it is one thing to infer or predict a collision, and
it 1s quite snother to infer or predict that a first con-
tact will be betvueen &8 vary small sreg, P, on one car and

a similar very small area, Q, on bthe other, If the cars

are travelling at sixty miles an hour and at the present
instant they are Just one Iinch apart, one might sgy that

a2 collision 1s inevitable. Ho matter what happens in the
remaining fraction of a second, there will be some Lmpact,
But under the same assumptions osna cannot offer to drop all
pfovisos and yet predict a fivst contact between sprcified
small areas, For iu the last fraction of & second there

- 109 -
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could occur some alteration of the speed or direction
or swaying of elther car; and that alteration wonld up-
; : set the prediction.

w
6,52, "@”?m tho g e

neral casg, conditions form a

e

Cddverging carics.

For in the general case, any event, Z, is

deduelble from antecedent clrcurstances, Y, provided some
P, @, Ry...s continue to occur and provided some U, V,

Wyeeses do not Intervene,

It follows that the occurrence of the P, Q, B,..

AR Tty e g ekt b e, e L

and the non-occurrauce of the U, V, ¥, .., are similarly
deducible,

It follows further that tihe occurrence of,
say, P, is condltioned by the occurrences, 4,B,C,.,., and
the non-occurrences, G,H,I,..... Similarly, there w11l be
i | series of positlve and negative conditions for ¢, B,....
| and for U,V,¥,,... Simllarly, sach term in those seriss

will have 1ts series of positive and nogative conditions,

wuch, then, 1z the diverging series of con-
ditions, Any svent, Z, will occur on the fulfdlment of a
‘set of conditions. Each condition in the set vill be ful-
filled on the fulfilment of 1ts additional set of con-
ditions, Since there are no uneconditioned events, there

are no uncondltion=d fulfilments of conditions, Since

L“J f_ | there are no wiconditioned fulfilments of conditions, the

diverging series has a&s wany romoves as one cares tn explorg;

Finally, since esach event ordinarily has scveral conditions
oyt

the series\a&nﬁwa diverges,
= e -
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Certain further pronerties of the diverging ser-E
: 1es of conditions may be noted Lmuadiately,
. | Just as tne seriss dlverges when ano goas back
g' | from an event,. Z, to its antecedenis, so it converges vhen
i onig advances from the antecedeants to the event, Accordingly,
. 1f one were fn sunvose that the eoncrets pattern of the

diverging ¢srle: had been worked out to some pth romove and

If one ascertalned the fulfilmont of all the eonditisns at

1 that remove, thin one's enormous labor woull yisld no more

f o then the deduction of the event, Z, and the fntervening
: ' _ occurrences and the non-occurrences, So far from promisiq’g

the deduction of all world sltustionz from a single =itua-
tion, thils structure offers no more than the deduction of &
converging serles of svents [rom as large a set of initlal
observetions as one pleases,

Moreover, the conditions of any event, Z, at Ei

gny pth remove, are scattered In sperce and tine, Thoy are

scattered dn space, inasmuch as the occurrences and non- 7
occurrences conditloning the eveat, Z, whether directly or
indirectly, proximately or remotely, may be found in any
diraection anl at any distance from the event, Z, They are

1 _ scattered in tisc, Inasmuch s tne dnfluence from the con-~
_dition to ti: eaonditioned is propagated with a2 finite
velocity and, in different cases, traverses either d4ffer-

gnt distances with equal speeds or unegual distances with

L_J ' . -equal speeds, Evidently, thi: scattering of the conditions
. nakes it imperative to know beforshand the aggregate of
concrate patterns of diverging serles of conditions for

events of all kinds; otherwise, one would not know which
- 111-
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ohoorv~t1o o to make and 1t weuld be only by luck that one hit

nyon thogse that were rnlovant.

6,55 _The Non=ayntomntic Apprercte of Diversming Series.

It wos ghowm in Chantor II that colnoidental
agrre ates con be lavestirnted with sclontifle penorality only by
stetiotienl mothods. Dut statistienl mothods revesl stntes and
probabllitios, Theoy toll us nothing about concrote pattorns of
divorglng serles of condlitlons for porticular deteminate events.
It follown that 1f auch concrote patterns are to bLe investipatod
with selontifle ponorallty then thoy must not be colneidontal
ApErerN es,

However, 1ln the penoral case, concrete nettorns
of diverpling sorlea of conditlons are coincldental agrreprnten.
For any ovent, say Z, ococcurs 1{ poeltlve condlitions, P, G, R ,eae,
occeur ond nogotive conditlona, U, V, W,ees, Q0 not occur, vhat
is trun of 2 1o txae of ali 1ts conditions. Ior, in the goneral
cape, can anydhlng boyond tho fulfllnent of those conditions be
remilrod. On the other hand, to denand that the divorging sorles
of conditions is not a colncldoninl ng repate is to edd to the
conditlono nocoosary for the occwrronce of Z; and to lnitroduce
ouch on addition 4o to depsrt from the gon-ral cone and ast up
8 partlenlior caog.

Further, evon wvhen partlculnr capes oxist, thoy
canmot Lo axplaiﬁod conpletely along classical lines. For there
exiots o partienlor cace 4f thoro exlots an ordorly scoquence of
oots of eavente such that.&@g@e&gg%ﬁggﬁz other thinre bolng oqual,
the ovents, Pl' ropult from the cvonts, Py g 1, -for all positive
Interrnl voluos of i from 1 to n , whore olthor n 1o Bs

great o posltive intoger ao one carea to assign or elee thore ia_
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a fi-nl oot of ovents, F,, thnt 1s oimilar in sll respects o
an inltinl sct, Py. Clenrly, tho diverging cerios of conditioms .
is brourht to hoel by any mich ocheme of perpetual contimuty op
of pernotunl reourrence., Still such & schome holds m only under
the proviso that other things are emanl and tho introduction of
dofonnlve mochnnioms connot eliminnto the proviso oince the
mechanions thonselvos will dervend on clasgienl lawn. loreover,
ag nchienos osn-ob punrant~e thoir ovm eurvival, sgo they connob
g:aplaln thelr ovm orlf-;.in. For 1f thera 1s a first instonce of
6 st of eronts, Py, then th-re 1 no prior instance In the
gocurnce or airele to accomnt for the firet Instance; and 1L thexe
is no first lnntence, then the origin of thao peruonce or clrele,
60 far from belng oxplnained, 1o merely denied.
o SOLTL 4t wEML-bo nrged- s b~woridrPseeny B8
Wrede_mey_ b6 apstonntle-06 that-tho totalconerete-yattepr o
atill 1t moy be urped that, porhaps, world proceaﬁ
o A wiole is syatonntie and so, porhaps, the total concrote pattern
of diverpi g ﬁeriné of conditions 15 in fact orderly. DBut, In the
first ploce, thim 1o morely a hypothosls. In t:c aecond.placo,
1% 1o on extromely doubtf1ul hypothesis, for world procens ap o wholo
soona morkod by tho characteristically statisticnl dovices of
lorpe mmbers end long lntervale of time, Flnally, while thia
dsubtful hypothesis inrlics that steltlntical mothod lo ultinntoly
nlotalon, thore 1o no difficulty in froming opposito hypothoses of
eaund voalus which, if true, woulid Imply that ultinntely claspleal
mothod is milstaken.
In the pronont subsoction (}6.5) we set ont to
1nddcnte an oxact noaning for Loth the indetorminney of clabsloal

lawe and tho conseruont canon of stntinticnl residues, It has beon
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nrrued that claanlenl lawe aro Andoterninnte hoenus~ they are
ah-tract and no con bocone determinnte premises for tho deduction
of detorninnte events only if sots of posiilve and necative condle
tlomp aro fulfilled. Ilorcover, from this indetcrminacy of the
abotract thore Lfollows o canon of stotistleal resiiues bocause

in tho renoral case onch ocots of condliions are coincidental
argrerates and coineldontal orppreraton cnn be inventirated with
selentlifle gonerality only by statintlenl mnthoda.

In conelunion, twe points nay be noied. The root
faliocy in doterniniot ﬁppoaition to antatbpbliond the objoctivity
of ntntlptienl Imowlodre 1o an ovornirht of innleght. The detorw
ninlet boelos by overlooking the fret thnt a conereto inference
fron ¢ apglical lawp suppones an innlrht that nediatos botween the
abotract lawve and tho eoncrete altuntions and once thnt oversicht
occuye thoroe io precluﬂed.ggn dircovary of tho di’ference between
pyavo.uctle prooes;en anﬂ colncldental apgrrepates.

Secondly, ow' annlysis prescinds {rom all aquantions |
rogepdl o the 1ﬁtallnctua1 capncity Qf lLaplaco's domon and other
non-huian bolsgss. Clearly such iosuon have ne benring on the
nmtw e of emplricoal sclence or, 1undo-4d, of huncn un'erstandinge
Fintlly, this rﬁatriotioﬁwzaggpgdgm contained in our definltion
of an orderly sequence; foi' a socucnce ls orderly 1f it con be

maoternd by an inolght that onn be oxpressed in gonoral terms

I parndl
o, gggggggggﬁzgzii only huann innlghts con bo 8o oxprossed.

0.6 _ The Gono:ial Cheprnctor of Statistienl Theordes,
Tho ptotinsticnl heurdotle structure, worked out in

Choptor IT (§4.4), oy nov be dotormined more fuily in the light

of tho six canons of ocnpirleal method.

6,61  Tyontn,

rirnt, than, atatistical thoorios deal uith

o e
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The Canons of fmpirical Kethod
[bo

with events, For it is th= event, the occurrence, ths acte
ual hapyening that cannot be ssttled by clascsical lavs
without the introductinn of a concrete, non-systematic

manlfold of further determinations,
Nk Crsernara.
6,62 Secondly, statistical theories will not

analy;e processes, I'or tho processes that lead un to
events fall under the putterns of diverging serias of
conditionsg. Such pattsrns form a non-sy:ztematic agiregate,
and the non-systematic as such i5 not onen to investiga-
tion.

Tarevatbs E ks
6.6;, thivily, statistical theories will deal

only with observable events, For the canon of parsimony
restricts sclentific utterance to the verifiablas, &nd
only the frequencies of obcervable svents are verifiable,

Hence, if one were to sup.ose that some typs of event

occurred nine times on every ton occasions yet only one
of the nine occurrences and only ssven of the ten occasions
were obaservahle, thien the corract freqiency wo:l4 be, not
9/10, but 1/7. For tirz scientist is restricted to the
verifiable, and so he defines ails frequencies, not of
events in generel, but of obsecrvable avents,

é.&:j/’ "?&u’”g nE e ﬁ.ccordinﬁy, thare will be a formal

e AR S e
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opposition between a stutistical thzory and, on the other

hand, a clascicel theory satisfying tha principle of

) equivalsnca,

For the principls of equivalence ab-

gtracts from the relations of things to us to determine




6}

the relations of things to ons another,.

But staristical tueory necessarily deals
with only observable asvents and zo must include the rela-
tions of things to our sensss,

It 1s to be noted that tihls formel opposi-
tion excludes the vossibility of a contradiction betveen
such theorles, For contradlctory statements must regard not
only the same things but also the sams aspects of thines,
But tho formal opposition sxcludes the possibility of
statlstical theory und fully invariant classical theory
refarring to the same aspects of the sams things,

It is to be recallad that we based the
in#ariance of Spanizl Relstivity, not on the fully gener-
al principls of eguivalence, but on ths same grounds as
Hewton'! s First Law of ¥otlon, ceamaely,-dletlnct _causes,
©Or Krouadsar-regeons canrot-besssirnad-for sach el

Hence, the formal opposition butwsen the privciple of

equivalence and statlstical theory does not preclude the
use of Specisl Relativity in Guantum Machanies, (See

Lindsay and Margenau, pp. m”ﬂ).
(,J(UI.J‘{CA-M
6,6;/’ &o1antifi~ally significent statistical

theory will define events by introducing the purs con-
jugatés of clascical laws,

For events must be defined if thay are
to be assipgned any frequency but unity. In other words,

only the defined type of svent §s not occurring always_
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and averywhinrs,

Ihe definition of events must be sought in con-

Jugates, For the event corregponds to the "Yes" In answer
to a question for reflection, and the question for reflsc-
tion has its content from an ancver to & question for
intelligence, By the canon of parsimony, verifiable an-
swers to questions for iatelligence are in terms of ox-
periential or of pure c¢onjupstes.

But stetistical invastigations in terms of eox-
periential conjugates contzin ne promise of scientifie
significance, For experience is ' ithin th2 reach of evary-
ong, but & significent contribution to cclence rests uﬁon
knovledge of previous achievement, Suen knovladre in ono
way or &nother involves pure conjugates, and so pure con-
Jugates viil be us=ad in defining the events of scisntifi-
cally significant statiestical laws, Hence, Quantum Mechan-

ics defines 1ts observabies by wppoaling ton classical

physlcs, which developad the notions of Cartesian coordin-

*ﬁ} | ate, linear end sngular momentum, energy, and so Torth,.
o 6.69/' The canon” of parsimony excludes any problem

concerning the plcture of objlects too smsll to be sansed,
For the image &s 1image con be verified only by the osccur-

rence of the corresponding ssnsa<lon, Thus, the visual

imege of & small ball can be verified only by seeing a

é Ji | small ball, and ths visual image of ¢ wave can be verified
only by seeing a wave, "hen the sensations neither oeccur
nor can accur, all that cin be verified ere certain

aquations and the terms implicitly dafined by such

- 124 ~
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4mplications uafore the full detarainetions of th: con-
crete sre reachiud. And any such moans fells under the

goneral case of & uncertainty nrincizle,

e R P S T R

[6?

oque tiong,

It 1g to he not-d that this econclrsion rasts

L

on & divergaence from Leliloan assusntions, For on thoge

assuxptinong, s2eoniary qualitlez zuch s color, =ound,
heat, and the like, are wmerely apperTsant; th:zy are to be
attributed not to objects but to nur subisciivity, On

tha other hand, the m.thamabical dimensinas of netrer

in motinn are constitutive of tha rosl and obtective, and
so thet Lo lpny tias is to ali~lnate ths objiect, lisnce,

on the Galilran wivy, alacteans canpot be red or grasn or
blue, hérd or s0ft, nov or oold, but wnoy must nave dimen.
sions eithar of 1ittlo balls or of wavas 0 of some other

conpatible rot of primery guellitlas,
a ;éz4ﬁ;¢1%bﬂaﬁ 2{’ Ucolae, by

667 4 An eviomatic structure for statistical
lavs will involve an uncertainty nri.clplag

For th: coneret: includss & non-syctematic
compment, and so the concrete connot bz daduced in ite
full deterninacy fram cny set of systarwtlc premiscs,

But. an axlosatlec structure 15 a st of
gystematic premises, Its fmplicatlons reach to ths cnncreto
for thay regard statisticzl lavs that deal with events, znd
avants are alvays fully coucrete, |

Tharafors, thy axionstic structure for

statistical luwe must hava some meens of cutting short its

n thig analysis, then, indeterminacy

st AR T
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1o a gonornl charnoteriotic of statistioal invostlgations. 8o,
prior to tho moasured uncertointy of Helsenborg's oquation, there
vas the umicesured uncortainty inhorent in classlonl statistlcs
in whleh prodictlons weore uniqua ut, nons tho logg, wore nob
expected to ba corrost in every cese {[Ses Lindsay and Marpgenau,
p. 3987,

Nor is this genorality swrprlslng, It rune parallel to
the possibiliity of doducing IJelsenberg's principle from a genedal

axiomatle structure. It followe Irom tho fact thot tho deduction

of coneluaslons supposes gystounntloe reletlons so that, 1f some

relotlons ore not systomatle, the Jleld of posalble concluslone

must o restrlcted.

6,7 Indoterminney and the Non-Systomntilo.

The Toropoing aceount of the poneral choractor of stetlge
tleal Invostlootlons must nod o mistoken for o dosoriptlon of
Quantum Heclinnles, The canon of statlstlical rosldues is methodow-
lopleal, Ibs poneralliy ls nob tunt of recent physics but of
statlsticol nothod. Its besle lles not in tho conciuplons of
subabonle inventlratlon but in the analysls of tho coondtlonal
process thnd boglne from ante ond Inquiry, proceeds through inaglght
and formuintlon, and recommences when éxperimonta yield sigﬁificantly
now dsto. Its t@eh.nica]’temu are dorived not from tho upage thet
pelentliotn have fouwnd suliable for tholr puppoaés bt from the
oxipgenceos of & cnlte dilfovont study., Accordingly, as already we
have hod ocenslon to lnsist, 0n1y'a furthor erltical and creative
offort cnn bLring our concluslons into contact wlth the dlverse
lnterpretotions of tho resulte of contomporory vhysics.

For the conon of stati-tlcal rosldues involvsos three olew

- ments, and all throe cean be statod only in sornliticnnl torms,
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The first olemcnt is tho indetorminncy of tho absiracti clessloal
laws con bo applied Lo conercie situatlong only by oadding further
doterminaticnn derived from the situations. Tho second element,

1o tho non-oyslematle chernctor of tho furthor doteralnatlons,

It does not noan thot the further determinatlong nre not related

to ono enothor by low; Lt moans timt the lavw is oiﬂy a.n abstract
part In o conoroto relatlon of doterminate mwmbers, nogritudes,
relative positlons, otec., It doen not mran tihh theso conorote
rolatliona comiot bo nestered by Inalght into rolovant presentatlionsej
At nmoann thot Lho coaeroto Annirht hng o fullor ohieat thon the 4
sbatroct formulatlion. It doop ned moon thet no attempt can be

rnedo at o conomp‘tual aceount of the conerete relatlongy it means
thot oucl a concopbuol accovut hoss dovm In an umanageable infinity
of 'ca.nen. It doos not ncan that theb coincpote rolsilons nre novep
recurrent or thnt acenrnte predictlon is nover poesibles At meana g
thot schomoo of rocurrcence do not fall under cone oversrching
schome, that thoy are nerely lnstances lug i—rhi&h low triumphs

over the cmpirleal resldue, bthet such triuwmphe of law do not

ocour in sceord with gome further clesclenl @- lrv. The third

elomont, Tlonlly, Lo itlie luverse dnslchty LT the intellipmdbility
~of abstract eystom 18 not to Yo had, stlll senorellty is not 4o
be renowmced; Tor thore is btho penorallty of the iden.l frequency
of eventsy and from such an idenl frenuoncy the non~sycotematie
oamot divorge in nny systonntic fashlon,

Not oanly is the cenon of statlstleal residues methodologlosl |
Lut aleso it mtoana In a context of othior canons that involve a
transposition of ourront isoues. A oanon of rolevance has fixed
a.ttention.' on what inploht _@; adds 1.0 data. A ocanon ri::f‘ parsinony

has restrictod sclontific affimmetion to definod types of verdi
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fiablo propositlons, A canon of ocomplete explanation has placed
gpace ond tine in much tho sane pouition a8 scanlble aqualitleas,

Within thnt conbext thore is mno need to atteonpt to exorolse the

images of tho older determinlsts with theo imores of the now Andeters

ninists, It is true enouch that data are hazy, that measurcmonts
are not perfoctly ascurate, that moasuring con dlstort the measured
ob Ject, T those truthe nmise tho methodologleal polnt, One oon
af'firm thom yet continue to misconselve olamsicnl lows, Tho law
of falling bodloe is not a statoment of whet would hnppen in a
vorfect vocwuny 1t le the stotement of an elomont in an abstraot.
gy stem, and tho oompiate ayctem con he applled to any porticular
onnte  Acnln, TAnntein's Alfforential soquntlong are not atatements
sbout pooitiona and veloeclties in doflence of Helsenberg'e prine |
clyles thoy axe statemsm’ps of the abstractnoss and aso invariance
of ole.ap.?.cnl @lmrs. The roper enpver to the old datermin&icm is
en afflmation, not of an indeterminism on tho some Amcplnative
lovel, but of the lndeterminncy of the abstract,

Finnlly, may we olalm that thip tronsposition hits the
nerk? Detwoon Andoterminlem and probabllity the vd only spperent
link 1o a commnon lack of preclslon end definitonesa. But the
Indetorminnoy of tho sbstract bringas to light the nonéayatama'bio
Qh&mctnr of the W conerete, And tho esnonce of probablllty
g thoat Lt sets an Ldesl norm {rom whilch actﬁe.-l frequoncles

oo 'divorge but not syetometically,

-




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53

