LESIGHT
CHAPT R IV ’
- U}
-
)
THE COMPLAMENTARITY | /u
OF ;
CLASSICAL AND STATISTICAL INVEe"IG 4
b

A review of ths maln points thut have bean
made will prove, perhaps, the most expeditious introduc-

tion to the problem of the present chapter,

Qur study of human intalligence hepen Trom an
accomnt of the psychological aspzets of inslght, It tnrned

to gemmatrical defindtions as oroducts of fasight and thence

to ths re-dofinitions thet result from higher vicwgpolnts,
Tha argunsnt thon Bwlsted to the queer type of insight that x“i”'
grasps thut the snnerstending of given data or of the answer E
™ to a given guastion consists in wnderstanding thet there 1s “ﬁk‘”

nothing to be und:rstood, Finally, etk

¥
?ﬁ“nl\ I AL AL there wee gffocted a generalization

that acknowledged i1 all data an ampirical residue from which
intwlligence always abstracts,
The second chapter switched to insipghts in

the field of empirical science. After a brief contrast be-

tween mathematiceal and sclantific developments of under-
standing, attention centered on ths origin of the clues i

thet form the first moment of insight. Xt was ssen that, by
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Conplementar of Classical and Statistical Tnvestications

Inquiring, intelligence anticipates thz uct of understand-
ing for which 1t strives, The emtent of that anticipatad
act cen be desipnetsd heuristicelly. Ths propertizs of the
antlcipatedl and designated content constituté1ﬁhe clues in-
telligancae »oploys to gnids ftself toverds diééovsry. Fin-
ally, sinua thare are not only diraect Insights that under-
stand what is to be understood but also the queer type or
insights that understind that there 1sg ﬂothing to he under-
stood, heuristlc structires fall Into two groups, namely,
the classical and the statistical, A classical heuriztic
structure is intelliyrent anticlpution of the systemsatie-
and-abstract, A stetlstical hearistic structure is intelli-
gant antlclpation of the systamatic-and-ubstract satting a
boundary or norm from which the concrete cannot systomatie-
ally divergn,

_ 0f themszalves, heurlstic structures ara ampty.
Thay anticlpate & form that 1s to b2 filled., Hor Just as the
form cen be anticipated in 1ts general pronerties, so also
can tha process of filling be anticipated in its genoral
proﬁerties. Tuara axlst, then, <anons of empirical method,

If insight i¢ to b into date, there 4: a canon of selection.

If Insipghts into data gccu ulatg in & circﬁit of nrazanta-
tions, insights, formulations, experiments, new presenta-
tions, there i{s & canon of operations, If apvnlizd science
involves inzights into materlals, purposes, agents, and
tools, then pure science, as prior to apulisd, will be con-
cemed solely with the lamanent intellipibility of -data &nd

so will be sabject to @& canon of ralavence, If pure sclence
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goes beyond the data inzsmuch as it grasps thair immanent
intelligibility, still it adds to the data no more than that
intelligible content; there rasults a canon of parsimony,
which excludes any affirmation that goes bayond what can be
verified in the dara, If some data are to bs undérstood,
then all are to be understood; the sciantific géal 1s tha
understanding of all phenomena, and so scierti’lc method 1s
subjact to a canon of complete explanetion: 1t follovs that
no excertine s to be made for experienced extencslons or for
expariencad drrufiong; and this conclaslon Iimplles & shift
from & Gelilean to an Einsteinian viewppoint. Mnally, thouzh
all data are to be explained, Lt remains thet certain aspscts
of all data are explained in the queer fushlon already noticed,
There exlst statistlcal residnes, for the totallty of thes sys-
tematic 1s abstract, the abstract ds ¢ynlied to tita concrote
only by the addition of further determinations and, from the
nature of the cuise, the further determinations cannot be gys-
temstlcally reloted to o.:0 enother,

Jow this bira enumeration of the prints that
have been made in our flrst three chapters confronts ug with
8 nroblam, Both the heuristie strictures of dedence and the
ecanons of empirical method involve & duality: Eesides'graSﬁ- 4
ing the int2lldgibility fomanent in data in a positive fashion,_f
humen Int21liiy wee also grasps & domination of ths concrete
by the ab tract-aondegystematle, However, thoupgh one admits
this duality ao a Tact, ons still may ask whether it is nl-
tigate, vhather classieal and statistlical dnquirdes are isn-

lated or relatad procadures, vihaother they lozad to 1solated
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or relzted results, An angwer to these qu=zustions is sought
in the present chenter, and it falls into three parts,

First, it will be advaaced thet elassical and
stetistical investigations are complementary as typses of
knowing. In thelr heuristic anticipstions, in their pro-
cedures, in their formuls tions, in thelr differcnces of
abstroctness, In taeir verification, and in thelr dorains
of dats, aach will be shown to complement and to be comple-
mented by the other.

Socondly, Desides th: complomentarity in xaowing,
there 1s = comnlanontarity dn the to-ba-known, Vhathar one

| , o mihik

likes 4t or 0L, nou-fstlie structures and wwrdeinsd canons,
congtitute en & priori. Thay settle In advance tha ; aneral
determiantions, not merely of tne mctivitles of knoving,
but also of the content to be known, Just us Arictotlels
notions on sclence and method resulted in his coswic hierare-
chy, Jjust as the Galilean reduction of secoadeary to »rimary
qualities necessitated a mechanist detoermindsm, so ton our
simultancous affirmation of both classical and statistical
investigetions involves & world&view. Yhat iz thet view?

Thirdly, there L: a clurification th:it recults
from contrast, Accordingly, after endzuvoring to Jdetermine
the world view, to which one commits oneself by accepting
the heuristlc structures and the canons of emplrical method,
there are set forth its differances from the world viewdpf

Aristotle, (zlilen, Darwin, and contemporary iadeterminists,
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1.}/’ Firzt, the heuristlc anticlprtions of classical

and of stetistical procedures zre complementary. For the
systematic and the non-systematic are the conté&ictory altar-
natives of & dichstomy. Inquiry of the classical type 15 an
anticinetion of the syctematie, Inguiry of the stetlicstieal
type 1s 2n enticinetion of the non-gystematic, Jdo- th- rela-
tions between data must be elthar systematlc or non-system-
atic. It follows that in any piven cose eithar the classical
or the statistical anticipatian must be corract,

Tvo corollaeries follow,

The first 1s the openness of empiricsl mothod,
The mere fact of ingulry is itself « presupposition, for {t
Implies thet there is romething to be xnovn ty unlerstand-
ing the dota, LUIll this presunposition is Lnevitabla, for it
marks ths difvaereonce between the sclentifie and the non-seien-
tific attitudes to experiance. Moreover, this oresupposition
is minimal, For it does not :latermine a prioril vhether any
selacted range of data 1s to bz reduced to csystem in the
claqcicel feshion or,, the concrete diverges non-systematic-
ally fron systematic expectations,
| Tha second corollary 1s the relevance of empir-
jcal method, For empirical moethod 1s a matter of trial and
grror, and the only way to settle whether a riven agzre-
gate of observations ars or zre not reducible to system 1s

to formilate hoth hypotheses, work out thedr implicationms,

and test the imnlicqtions against observed results,

W?RCW-/’

Jext, clussical and statistical investigations

are complem:ntary procecduras, For they separate systematic-
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ally and non-systematically relateod data, and th=2 isolation
of elthar type 1s a step towards the dotermination of the
other,

Fith such separation everyone is familiar when
it 18 effected physicelly by experimentation. As has heen
seon, the aim of the exparimenter iz to isolate a definable
conjunction of elements aad to =xhibit tuheir oper-tions as
they occur when uninfluenced by extraneous factors,

Again, physicul separation 1c not alvdys possible,
and then one attesipts to do by thought what one czaiot achlave
by deed, In this fustilon, as soon & & sclence hi s made zome
progress, 1t invokes 1ts «iown laws {u seeking the determina-
tion of the unknown, Thus, once Boyle's law 1s t:iovn, one
assumes 1t In detsridning Charles'! lav; once both are known,
ona assumes both in determining Gay-lussacts law, {idimilarly,
in all departments, kuown laws are employed to gulde exper-
iment, to e¢limineéte the coanslderation of vhat slready has been
explained, dnd to provide preznj;sgss For tha interpretation of
observed rasults.

Hornover, such separation, vihether physical or
mental, 1s not confinad to classical lavs., 411 laws belong
to a single complomentary field, For this raacon it has been
possible to invoke the laws of probable errors snd thereby
to elimincte a non-systematic component in observations and
messurements, In like mannar, Mendel's statdstical laws of
mzcroscoplie, genetic characters lad to the postulakion of
microscople 2ntitles named genes: to each gene was assigned,
o1 the classlczl model, a single, detsrminate ef'fect 2nd

manifestation; geiss with Incompatibls effects vwera classified
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as dominent and recessive: and so statistical combinations

of eclassically concelved genes bacame the explanation of non-
sfﬁtﬁmatic, macfoscopic.phenomena.

The reader muy be surprized that we lump together
the laws of probahle errors und the Bendelian lsvs of hered-
ity., But from our viﬂquoint thay belong together, Ia both
c&sas8 & compon-nit in the data 1s brought uniar law, In both
caces the discovery of the law prounds & mental soparation
of the component, subject to known law, from other components
still to be determined. In both cases tihils wontel separationm
opens the way to the doterminction of further lavs, In both
ceses, finally, it 15 the discovery of a statisticsl law that
gromnds the mental separation and that can lz2ad to the dis-
covery no less of classicel then of statlstical laws,

This compla«anterlty of clazsslical and stutist-
ical procedures hes an important corollary, For tha exnari-
mental, physicel exclasion of extraneous fzctors iz not al-
ways posasiblae, When it 1s not, there exdsts tha alternative
of discovering the law of tha extraneous fuctor and then
allovins for ity i-+finence in interpreting one's result, Mow
the corollur, to wnich we would draw attention, is that
statisticel 1a s can be emploved in this fashion to the de-
termination of classical laws, For knowladge of statistieal
laws enables one to ssparate mentsally the non—kﬁystematic
compontent in the data aend so it leavaes one free to investipate
the remaining systenatic conponent.

It will be acked, then, vhethar the statist-
ical investirations of Quantum Hechanics‘ may be expected to

prapare the way for & luter resurgence of clissical thought
...]_35_
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in the field of suQﬁatomic paysics

This quastion 1s, I think, ambiguous. Onz may
mean & raturi to th2 former type of classical thought with

its dmaginable models, its belief 1a the universal possibil-

NS

ity of Ilmeginative synthesis, its affirmation of & mechanist

deterninism, and its concept of oxplanation as tha reduction

of secondury to primery qualitics, On the other nand, it is
presitlc ko smak of "classical® thaight in & trensposed and
analogouz ranse. Ia that case, onz would grant to Imarination
a notable h.istie viliue, for images sapply the materials
for inslgats; Lit, at the same time, ona voull dany to an-
varified and unverifiable imar;es any reprasaatative value:
classical lavs would be conceived as abstract, th2 abstrac-
tion would b2 -concelved as envichiag, and so full lkuowleldge
of classlecal lava vould not preelude thie exdstonce of
statistical redldues,

Once this distinction 1s dravn, our answer
to the foregoiny gquestion becomes obvious. In the light of

the canons of complete explanetion, of parsimony, end of

statistical residues, we cannob axpect any return to ths older
tvine of clussicel thougnt. Again, in the same llgnt, we must
axpect Quentum Machanles, if interproted stutistically, to
open the wav to & new develovmant ol Melassical? thought in
a8 traazposad e’ anelogous sense. Indeed, Panli's excluslon
privncipls providas a premisﬁ%fbr tho determinetion of the
states of "electrons 1n atoms: and while changes of tﬁena
states seem to occur statistically, still the saries of states
is as regulav and systematic as tne pariodic table of chemd-
cal elemaits,(See Lindcay :nl Maor;=nav, pp, 4583)
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The Comol mentarity of Claszicel and Statistical Investizetions

In 1likas mannar, one mighz note classicel tandencies in the
discovary of new suisatoralc eatlitles over wund above the

more femiliasr eloctrons, protons zad neutrons, i
l.;, T9irdly, clusslcal on! statlstical formulations
ar: complementary. For ¢lancical formulotlons revard con-

jugates, valch are verified only ia events, And statistical

formul:.tions rarard events, which are defined only by con- ,;a
jugatas, »
The dependance of classicul unon statistieal %!

forsulatim comes to light, when one probes {nto the meaning
of the classical proviso, other things being egual. Vhat ave
the other things? In whet doss thelr equelity consist? These
questions canant b given &n ancvey that 1s both detalled and
systematic. Far tae proviso, which limlts classical lavs, 1s

effoctively any relevant pattern of & diverping cseriaes of

conditions. Such serlas wiry vith circumstances, and the
aggregote of potterns of such series is both enormous and
non-systometic. In other vwords, classical laws tell what

would happen if conditions were fulfilled; statictical laws

™
tell how often conditlons are fulfilled: and so the phrass,
o ~ other things being equal, amounts to & vague reference to the
! | " statistical residues, which are the provincs of the comple-

mentary statistical laws,
The Inverse deopendence of statlstical upon

classiccl formulations comes to light, when ona asks which

stetistical Investigetions posuess sclentifle sipguificance,

Thus, anyona woul! acknowledge & differsnce 1n such signifi-
cance botwean dotarmiaing the frequancey of red hair in trom-

bone nlay-es @id, o tha other huad, msasurdng thz intensity
- 137 - '
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- significant; they are or, in come f:shion, they depond upon

Jdeaws, But mey one not exnect that a fuller devalopmant of

“with: them, Hy reecon runs ac fallows, The aazviery "Yes? to a
- 0

of linz sprutras In odther case one arrdves at a nunber that
nay be re..rdi=d as an actual frecaencvy,but 1t 12 not apyparsnt
thet in both cases one has &n 2qual chance in contributing

to the advance of science. For tha advarce of ceiancs is
secured by opereting in the 1light of present kaovlelze and
towards tho solution of vell-formulated problems. As shon a&s
any departu:nt of sclence has pussed dboyond its indtial stajes,
it beging to desert the exprescions of ordinary lanpusge and
to invent techndcel terms of its own, Such tachniezl terms

have their origin 11 the correlations that have hsen fonnd

what, we have named purs conjngates, Accordingly, inasmich as
tho statistleal invasti-ator procseds in the 1ight of acgulrnad
kaomledge and towards the solutinsn of well-formuleted pronems,.%
he will bs 1:1 to leline events by appeuling, directly or in-
directly, t» thoe nure cojugates fhat ar-g implicit In class-
ical laws.

hovaver, the recder muy ssk whether thi. view
can be regarded as definitive, It is trua enourh that the
sclentific clasuificetions anl definitions of the present

are dependent on the discewvery and formnlation of eclassical

gtat ieticel inguiry will result in the lmpiiclt daflnition
of technicul terms by statiiileal onl not classical lavws?
¥irile thiere seem to be those that wozld answer
this quastion affirmatively, I cannot sece my vay to agreeing
L
question for reflection obtains a deterndnate mzéning only

by revesting from tne "Weg™ £o ths guactdon and to its orfgin
- 138 -
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in the descriptive or exnlenatory answer to a guastion for

1ntelligences dow the event, ths napraning, the occurriag,
corresponds to tha bare Wes", To say what happens, vhat
occurs, omez muct raise & cusstlon tiet eanvot be ancwored i
by a "YasY or a "No", One wust anpeul elther to the exper-
fential conjugates of de crintion or to th2 nuarea conjugetes
of axrlanaiion, O0n this uhowing, then, onz cawmot expact
gvents to guaeratzs thedr ovn defialtisns &ay sora then one

gan expset Wast ar Mot to sottls what 1o afirmed or donied,
Finally, 4if :vinta cannoh gaiarate thedr oun definitians, than,

frequencles of gvents cannot do so; for tiere seams no reason

to axpact trat different typas 0 events mast have Jiffaront
numericel frequancies or, Indeed, that the numerlesl frequanciesl
conld serva to speclfy the kinds of events to which ane wishas
tn refar,’

Ttisre 15, then, & comnlemenfarity of clrssical
and staristical formalotleons, For 1 statisticsl formulations
are to ba sipnificant contribmtions to the advance of selence,
they will asn=:l to tha a2xporieantial and nure voniugctes of
clascieel classificetions end defiaitiony, Iaversely, the con-
Jugstes of claeslical formulitlons .re verifiatle mly in
atetistically occurring events wnd thelr immanetice in statist-
ieal resldves is raevaeled by the provise, Mother things be-
ing equall,

T4 my not be out of plsce Lo conclude this sub-
seétion by clariiying e slipght puzezle. It is true enough thut

statistical lavs also ar: immanent in statlstical residues,
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and so hold nndar She panersl proviso, Votacr things being

equal”, If "P follows (M has the probability, p/q, still there
are conditions for the occurrence of tha occasion, Q, and

1t 15 only when those condltlons sre fulfilled that the pro-
babllity, v/4, is varifisble. The fregueiey of such ful-
filment might be Indlcited by saying that *¢ Tollows IM has
the probability, ¢/, so thet one statiztilcal lavw would he

dependent on &another, Still this iaterkdsponde.ice of statiste

Lo

fecel laws, vhlle true enough, ir boside our pressnt noint,
It i1 no vay lavalidates the siznificeat coa:tention that the

denendence nf clissicxl upon statistlcal forsulations 1s re-

vealed by thz nroviso, "Other tainpe beling equal”,

WM«K@ ﬂ'fuz&, :?/%a?ﬁmﬂ;; : O
1'fb/ Fonrthly, there is & complamentarity in :

modes of ab: truction,

Clasglcal heurlstie procedure rests on the
assumption that to swme 2rtent the relations betveen data
are systematie, and {t devotas its afforts to determing just 1
what those systematic relationc are,

Stitistileal heuristic procadare rests on an
assumption of non-systemetic reiasions end 1t eims at deter-
wmining an l1ldesl freqguency frow which actusl fregquencies |
may diverge bnt only?1on~éystematic&lly.

| In both zases the resald obtzined 1z abstract,
For the classicsl lev represents the systematlce and prescinds
fron the non-systonstie, On the ather hehd, the statiztical
law represecnts, not the actoal fraqueucy of @ctual ovonts,

but the 1d-el fraguency from vhich actual frequencles diverge, 4

D B
0 {‘;\.l.\. N ) ‘-_'_I |




PR T i R i e e o Ty g e ! -’""f'g. -

vk

Tha Co ni-montarlty of Clas-ical snd Ststistical Invaestigations 79

Hov vhile bath types of law are abstract, st1ll their
modes of sbtatrection Alffer. The elassical lav 1s coacernad
simply with tha systematle: 1t dicrerards the non—Lﬁystematic.
The statistical lav, on the contrary, ascumes ths non-sys-
tomatic 85 & premisﬁﬁ By itself, of courss, such a pramisg'
could yield no conclacions such a5 the ebstract, 1dcel, uni-
versal frequencles named probabilities, Vhat concerns the
atatiétinul lriguirer is, then, aelther the purely syctematic,
nor the marely nou-systematic, but the systematle o5 setting
ideal limits from uhich the non-systematde cannot diverge
systemetically,

Clearly, thease two mode:s of cbsiraction are come
plémeatary. In its first movemeant, inguiry aims st determin-

ing the systonetle comvnaent in data; in 1ts .ocond movement,

inquiry tums to the more congrots task of deterydilag the J

menner in vhich the systenctlc cowponent in data modarates
the non-systesctic, The conplete view results ouly from the
combinstion of the two movemonts, and so the two are come
nlamentary.,

There 13 wiothef aspect to tils complerantarity,
The systeuatic relatioins, with which cléssicel laguiry 1s
concerned, mainly &are the ralstions of thinge, ot to our
senses, but to one anotner. In so fur as the relutions of
thinge to one anothar are corsidered In the askctract and
so ag Independent of thelr reletlons to our seuves, there

arises & princinle of equivelence for all senses since all

equally are sbstracted from. On the otner hand, statistical
laws de=al, not simply with occasions ard events, but with
obsarveble occasions and obsarvible eveats, Thy are not,
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in principle, indepaendent of the relutions »f things to our
sensasz, and they censot be sublected to & full nrincinle

of equivalence, There follovs the already asmtioned formal
opnosition betwoen Quarttnm Maechanice, Antarprated statistic-
ally, and Genoeral Felativity: the two theorles may deal with
the same thiings, hat ther J28l vith thon from ratically
differont viewgpoiﬁts: they ars complomeatary in zo far zs
Gaizrai selativity is conceraed with thincs as indenendent
of their relatlonz to sur zeonszs vhile Qu&ntum'Mechanics
views thinss 13 & mauner that includes those ralatisns,(Cf,
Chapter 11,7 6,64 ).

1.;/

Piffnly, clasricul end statistical laws are
complemeniary in trelr verificetion, Thiv may bhe ctuted
rongaly by seyling thet clissicel let s determine wihat would
happen If conditions were fulfilled, vhile stutictical laws
determire hov often one nay expact coaditions 4o be fullilled,
Howevér, a fuller accomt of this complementarity mev he
given by shoving hov the determination of either classical
or statistleal leave leaves room for the dsterrinction of the
other,

Thus, if one were to sunpose exﬁct and connlste
kigvdedge of all #%yésical lavg, one vould not preclude the
possinility of the verification of staetisticil lavs, For a
set of claselcal laws, =&y P, would be evect and complets,
if there vere Lo noasibility of raplaclng them bty some d4iffer.
ant set, ser Q¢ Nov, there would be no possibility of replac-
ing P by ¢, 1 there were no systematiec divercence bhetween

the data and the set of laws, P} for the =ats, P and ¢, differ
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as laws and so differ systomatically: end so the verifica-
tion of thn set, ¢, in place of tnha set, P, supnoses a sys-
tematie divergence betvween the set, P, and tne data, Finally,
though thers is no systematic divergence betvween the set, P,
and the data, there can be a non-systemstdce divergence that
would provide the 1.14 for thm investipgetinn and verificsa-
tion of statistical lavs,

byaln, &s has been sean (Cf, Chapter 11I, 6),
oxact &nd complete knovladge of classical lars not merely can
leave room for poesible statistdecal investipation hut elso
mist do so. [Por sueih 2%act znd conmpleto iovladee wonld ame
brace all the systeretic reletions hetwaen deterninate datay
none tha lz3s, suoh knowledge wonld be abstract end so in ')
need of furasr detearminations to be azvplied to concroete

1nstancess 1t rfollows tnat the furtnazr detsrednetions cannot

3-.1

he systemztically relataed to ona anothe ry &

L)

50 t§g§ there
mast be & {l21d for statistical lavs.

Finally, ctatistlcal investications 1n
thelr turn heve no genuine to dency to totalltarian aspira-
tions, For besides stetictical predictlons, thore exist the
fully accurete predictions that are exenniificd by astronomy
erid thet rest on the existeaece of schemes of recurrence,
Moraover, the intelligent menmer of making these p redictions
is o analyge thz schemes iInto their conponent claszieal laws,
Coraxrnious correéted Ptolemyts Imasinstiva solheme) Kanler
porractad the olrelas of Copsrlens; but 1t was Navton that
worked oat *the undarlving la=s and Lavlace that revezled the

purlodicity of tie nlanetary system. Fron thet discovery of




e e e e e o A g o S A i S i i b qu,ﬁﬂurﬁ

I8
The Comnlementarity of Classical and btatistical Investigailons

laws the preat movement of thonught, named moden celanes,
recelvad its nost doverful coafirmation. It 41d co baeause
1t andsd, at lsest Cor two contiries, the more common homan
tendaaay to spaoi, aob of prucire lavs, but'of th econmon run
of events or tie ordinary courses of ature. AL the presant
monent, the srafaind sioaiftawnn? of stotirties] lacs 1s
comlng to lightes Dut AL this new wmovement 1s aot to degener-
“gte into i old tulx about what commonuly happens, 1t must
retain ity coqtuct ith the empirically establisnad preclsion
of clussical Formulitions. For statiztical lavs are of no
groater sclentific sirnificance than the Jefinitions of the
éveats ¥hwee Trequenciss they determiise; unless these defini-
tions are determined scisatifically, statistical thought

lapses into presscientifile insignificence,

WMTM'_{‘ v —Dﬁz(a. [:F- MA(LL
le 6 Sixthly, tlassical and ctatistieal lavs

are comylemantary in thair domains of data, By this 1s meant,
not thet some data svre 2xplained by clas:icsl laws and other

data by stztictical laws, but rather that cartaln asnacts of

”ﬂﬁﬁ all duis recelve the classical trpe of esxplanatnliaga ~hile
o okher aspects of th» same dats are :xplained along statlst-
leal Linasx,

!

' As has beea sean {Cf, Chapter II;V;2.3 ),

! the olassicel hourdstic assumption is that similars are simil-
0 | arly understood, Conesegunitly, nreliminary claossifications

} are based on simllarity to sense. Hovever, tha scientist is

interasted in the relations of things, not to our senses,

but to one enother. Accordingly, the preliminary classifica-
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tions are suverseded by the emeriance a2nd devaelovmant of
technicsl taorme thet ere derdved, not fron scensible simil-

s}
arity, but ‘rom . i~illavities of conatant @ﬂd:regularly vary-
Ing proportionn: watd in the limlt there a&re ra2iched what
we hove nenad oure conjusates, that is, terms implicitly de- ]
finad by tha emnirically establichad correliatinas in waleh
they occur,

H81311 to secount for data & sluilar 1s not to
account for data 1 all thelr aspecis. Each Aatum Is just
this instince of the given, It :ierges —ithin a continnous
mealfald, It is in & particilar place nd at & partieilar
time, It occurs rarely or frequently. Jov thesa aspects of
&ll data are disregerded {n exnlanstlons of the classical
type, The lavw of the laver tells us notbing ahbnut tho fre-
gueney of leve-s, about thr nleces where they ura Lo be found,
about thae timas ot whica thay fuaction, iwice, exnlanztions
of the clavsical type& have to complemented by explanations
of & furtiher, dilfiarent tyoe,

Jor fs 1t dlfficult to ree, &t leact In some
general fachion, thet statistiesl lave can provide ths com-
plamentery explianatini, For iths sensral forw of the statist-
feal lovw ig thot oa 2 occurreaces of the occosiom, P, there
tend to he g occurrsices of the avent, {, dov the accasion,

Py 15 Lheelfl an evealt or 5 combinetion of gvants. In either
casg? 1t will vossass its probebility. In like cnnar, the
occasdons on vkdeh P is proboble, » 111 have thelr nrobabllity,
and so taere srises an indefinite regrece of probabilitles
From evsats of th tvve, G. More ganaorelly, for evants of any

tvpe, &, therc erz corres onding inidefinite rapresses of pro-
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babilities.

iory, 1t 1s not immadiately apparent that such
regresces can b combined into & single view, But 1t suffices
for present purnnces to romark that, vare such a conkination
possible, one would be ot the wey to attaining & statistical
explanation of data 1a tnelr numders and in their spatio-
temporal distribution, To invoke only the si~nlaest consldera-
tions, low probabilities ars offset hy large numbers of occa-
slons, so that vhat is probable only mirce ont a million occa-
sions, is to be expected a million timaes on a million million
occasions., In lixe manner, the rarity of occasions 1s offset
by long 1ntervals of time, so that L1f occusiony arlse only
onea in & million years, still tazy arise a thousend times
in & thousand million yeers, At once tharas emerges thz ax-
plazatory significince of statisticeal laws, Fhy are thsrs
in the world of our sxperience such vact numbers and such
enormous Intervals ol time? Because probabilitles are low,
numbers hzvs to ve large; beczusce occaslons are rers, time
Intervals have to he long,

By itself, this is a very modest conclusion.
8till, though the achievement is quite negligibvle, the
potentialities arc extremely significant, Statisticel laws
possess a capacity to genarste sxplanation, Thelr heuristic
assumption ic simply thet the non-systemetic cannot diverge
systematically from the systematic. But thls incanseity for
systematic divergence, vhen combined with large numbers and

long intervals of time, 1s equivalent to-a positive taondeney,
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to an intelligible orler, to un effective thrust, that is no
lesgA Aladeed thian the rigorous conclnslons baced on elass-
ical luvs. In nther words, probability £s one thing, and

chance is another, Probabllity 1s an 1iesl norm that, for

all 1ts ideality, 1s concretely successful in the lons run,
Chance 1s merely the non-systematic divergence of actual fre-
quencies from ths ideal frequencies nemed probabilities,
Chence sxalains nothing, It psertains irretrievsbly to the
merely empirical resldue, to the aspects of data from which
intelligenice alvays abstreacts, But orobvablility is an intellil-
givuilityy it 1s, ws Lt were, reshgned from thz rerely empir-
ical residue by the roundkgbout device in wideh inquiring
intelligence sets up the heuristie zaticinstions of the

statisticel typ: of Investivation.

ALyﬂkuﬁﬁy-

1,7 cw hava been considering the complementarity

of ¢leszical ¢l statlcticul investipation: az forme of
Raowing, Ve have fund such complenantarlty to exist st each
of the st.ges or comzmonts of the nrocess of inquiry, There
1s the clascical heurlztic anticlipition of the sy -tematie;
thers is the conplementary statistical heﬁristic anticipation
of the non-systemetic, Joxt, to dotermine elther a classieal
or a statistical law iz to vrepare the way for the detergina-
tion of furthiar lavs of elther tvpe: for both classleal and
statloticel laws partaln to a szinzle connlemsntary field,
and to kiov either 1s to effsct a mental ssparation hetween
types of data thut heve been seooumt:d for and tynas that

still remain to be explsinad, Thirdily, thare is a complenen~
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tarity of fornlationss the experiential mnd nura conjugatas

of clus:ical laws cin he verifiad oaly in avents: the avents

folun & apudy e
occur only 1f osther things arae equel: ind the egualibsef
other things anounts to an unconscions ackiovledgement of
the non-systematlce agrrezate of patteras of diverglayy serles
of conditions, Inverscly, as conjugates are verified only In
events, so events ars cderfined only by conjugatas, aad statist-
1cal laws of events cun nossess sclentific sigaificaice only
in the measure that tiiey employ definlitions generated by
classical nroceduves, Fourthly, there is a complemantarity
in modes of abstraction; claszical lavs rierd the systamatie
in abstrasction from the non-systamutlc, the ralations of
things to o.2 anothar in abstiraction from thzir relations to
onr censes: but statistical laws consider the gystematic as
setting bounds to the non-systometic anl they &re comfined
to the abrarvable svents that 1lnclude & rolation to our senses,
Fifthly, th two Lydpes of law wre corvlemsntary in thelr
verification: ezact asd complete kiovledpe of clossical lavs
cannot successfally Invade the flald of statistical laws:
and statistical investigations are confronted witih resuler

Rr
roeurre:ces that adnit explagpions of the

[$]

lassical type,
Finally, there is complemaatarity in the aspects of data ax-
plained by the different ty,ss of laws; data as similar are
explained on class=ical lines: but thalr :nunbers anl thedr dis-
tritutions become intelllglble only by some synthesis of

stotisticel consliderstions,
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with the intelligibility immenent in the universe of our ex-

A

W‘ug,m 4 /{mwu
2;9// Just as tha Piret rart of this chapter was
devoted to exhibiting the comploventarlty of clessicsl and
of statirtizn. invastipations from the viewsnoint of Know-
ing, so no: the zaocond pasrt is to be dlrected to the Aater-
minations of thns corresnonding complenentarity from the viov- ?
point of vhit is to be wnowa, For kna ing and frovn, 11 thay
are not an identity, at lsast stand in some corraspondence
and, as the known 1= rezchied only throuzh gaoving, sztractursl
feeturas of tha one sre hound to be refluocred in the other,
Aristotle's worlﬁfview stemmed from hds dietinction batwean
the necessary 1&Js of tne wawvenly bedisg and the contingoent
laws of things on this =urth, Machanlst derer-inism had its
sclentifde basig ia the Galilasn eoncept of »xnlanation as
the redinction of seconlary to primery ouclities, In similaw
Pushion seme parallel implication can~ot be avoided by any
fully conscious methodology and so, if we are not to play the
ostrich, ve must Tece tho question, whit world}via* is in-
volved by our cffirmstion of both elus:-ie ]l aad statistical

laws,

Aol Clomseknisde of o Vo

24l 7 Certuin gerferal charucteristics of our
position may be indicat~d {mmediately.

In tha first plice, it ¥iil bo concorned

perisnce, For it will be a coneclusion from the structure of ;ii
empiricel method and, by the canon of relsvance, empirical
method is confined to determining such immanent int=113pgibil-

itj. Hence, we shall have nothing to say in this chapter
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about the end or nurnose of this universe, ehout ths mater-
iels fror vhich 1t was fashioned, about the rrineipal or
fnstrungntal agents resvonsible for it. Our efforts vill be
linited to deteraeining the immanent design or order cheracter-
istic of a vuniverse in vhich both classleal and statistical
lavs obtain,

In the second pluce, our zccount of this design
or order will be gencric, 4 specific ac ount would have to
draw upon the content of the erpiricel sclences. It would
have to appeal, not to classlcal and statistical laws in
ganeral, but to the precise lavws that ean be empirically es-
teblished, Our eccount, on the other hand, will rest not on
the results of sclentific investigatlons but simply and sole-
1y unon the dynamlec structure of inquiring intellirence.
Aceordingly, if in the course of the exposition any sartieunlar
sclentific coiclusions are iunvoked, tielr functlon »ill be
not determinative but merely illustrative, Just as mechanist
determinism .1as boen & worldkview that is indepenient of the
precise content of classical laws, so too, our objective is

8 similarly generic structure that 1s compatible not only

vith prosent classical and statlstical laws but also with |

their future revisions, Eﬁ
In the third pluce, our zccount of the design -

or order of this universe will be relatively invariant. The

content of the natural sciences is & variable, There has been

the science of the Renatssance. There has heen the science

of the Enlightenment., There Is the :clence of today. There

vill be the successive stages of sclentific development in
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ingly, the worldaview to

the future. But knitting topether these diverse menifesta-
tions of scientifle tnought, generating eich 1n turn only to
bring forth ths pavision and transformzrion of weuch, there
1s the uniarlyins inverient that loossely may b2 named sclen-
tific metho! a1 more precisely, [ think, wonld be designated
as the dynamic structure of ianguirdng Intellissnce, For,

as has been seen, it is the dasire to unicrstand that results
both in the heuristile structure of classlceal orocedure and
in the complementary structure of statistical invectiyzariony

aad 1t 1s the nzature of Insipht that aceounts for this six

cenons of gelection, operatioas, relesvance, parsimony, com-
plete explanation, and stetistical recidues, in eccord with
which the neuristic structures g=nserate the series of
scientific theorles and systems, Now our premise is ton be,
not the variable contents of the scilonces, but tus lsvariant
forrs goveraing scientific investigation, It follows that
tha deslgn of the univerce,

ts which we shell conclude, will

enjoy the invarisnce of the prenise which we shall invoke,

Et11l, I neve zadd that our account will be

only relativaly lavariant, and the reason for this restric-
tion 1s plain =2ao0ugh, For our uppe&l »ill be, not to the
structure of the hunan mind itself, but only to our account
of that structure, Just as the nztural sciences are subject
to revislion, so too} onz may expact our account of inguiring
intelligence to be :ubjected to rearrangcments, modifica-
tions, and iuprovem:nts. In the measurs that such changes
will affect the premises of the pre:ant srgument, in the
same measure thay will also affect the coriclusions, Accord-

be presanted will be invariant,

i
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for it canaot be indepeniisnt of revisiouns of our zialysis

of empirical meothod

In the fourth nlice, our account of « worlde
view withia the limits of empiricsl sclence will not be com-
plate i1 this chwpter, In tr atin~ th=a canon of pirsiz~ny, e
postnoned the quzstion of *ne validity of the notlon of the
thing, In & 1.%aor chapter, that questlon w11l have to be met,
and then a forchiir complenent to bho presont aceount will he
add2d,

In tho fifth place, our aceosunt will not claim
to be deductiva, Perhaps ous aight arpue in :trictly dzdic-
tive faénion Irom the comnleratary structura of tha knowing
to the corresnoiing complamentarity of the knowm, but, if
that procedurs is possiblae, it also requires & ele -oration
that for precant nurpnses wonld be exressive, Accaordingsly,
our anioeel will bs to insicat, ¥e snell borda froanm the pro-
blem of shoving how both classieal wun! statistieel lavs can
coelesce 1 .to a single, mnified Intelligibility commensurate
vith th: universe of ouw experieqce. Ageingt this ovroblem ve
shall set onr clue, namely, the scheme of remurreace, On the
one hand, ths vorld of aor exparisnce 1¢ Ml of coatinuities,
oseillitions, rhrthms, roatinss, alternstions, circulations,
regularitios, Ou‘un: obher hand, the schane of racurrence

AR
not only squaresﬂthis broad fact but alzo i: relisted intim-
atelﬁ both to claspical end to statistlcel lavs, For the
notion of *the scheme emerges in the very.forﬂmlﬂtion of the
canons of empirical method, Abstractly, the scheme itself

is a combinetion of classicsl lavs, Concretely, sthemes begin

ELETIA
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combimis, (ol casse Lo funetion in accord with sta'ictical
probabilities, Such is our clue, our laeinient iusicht, To
develop it we shall c-sider 1) tha notlion of & ennditiasnad
series of schemes of recurrence, 2) tha nrobabliity of &
single schene, 3) the emargant probability of a serias of
schemes, &nd 4) the consequant cheracteristics of a world

order,

| hborni g

. , 2 10 12 scheme an @
2 2 Y tion of tha scheme of racurrance &ro0s

whﬂn 1t wes noted thut the diverging series of pozltive
conditions for an event mignt coil around in & clvela, In
Lhiet casa, 4 series of events, A, B, C,.....“wowli b 80 re-
lated that the fulfilment of the conditions for sach wonld
ba the oceorrence of the otuors, Schemebically, than, the
scheme mi; Lt boe reprasented by the series of eonditiamals,
If & occurs, B »ill occury Lf B occurs, € vwill oecur; If C
OCCUTS, esesee & %1l recur, Such a elrculsr crran;2uzent

may involve any number of terms, the possibility of al-emma-
tive routes, and i: gensral, any degree of complexity,

Two instinces of groater conploxity may he
noted, On the one hand, & scheme might consist of a set of
almast complete clreular arrangements, of which none comld
function alone yet all wosld Nunction if conjoined 4n an
Interddependent combination. On th* other hund, schemes might
be complemented by dafensive clrcles, so thet 10 soms event,
F, tended to uyset the scheme, thore wonld be soms such se-
quance of eonditions as, If F oceurs, than G ocensy &f G
occurs, thwil H occurs; 1ff H occurs, then F is eliminct-gd,

In {llustration of schemes ol recurrence

PR ¥ )
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the reader may think of tho planstary system, of tha cir-
culation of water over the surface of th: earth, oo of the
qﬁtrogez evole Panilisr to biologists, of the rontlnng of
animal 147z, ol ti repetitive, aconomie rhythms of nroduc-
tinn and exchany-a2, In illustration of schoass with dafensive
circles, one muy advart to gencratized squilibris. Just as

a chain reaction 1: 8 cumulitive :sarles of chenses termina-
ting 1n an oxp;nsiverdiffereuce, so & genscalized sq2ilibriunm
ig such a combinetion of defensive ecdrecles thot any chenge,
within a limited range, 1s offset by opposite chanres that
tend to restore the Initial situstion. Thus, health in a
plant or animal is & generalized equilibriam: agaln, the bal-
ance of varlous forms of plant and animal 1ife vithln an
environnent is & generalized ecuilibrium: again, ecoromle
process vag concelved by the older ecosomists az a goneral-’
lrzed equilibrium,

Howevar, we are concerned, not ~1th single
schemes, bub .ith a conditioned serizs of schemes, Lat us
say that the schenss, Py §y Ryeeee form a coadltioned serias,
if ¢31 nrior mesbers of the serles muct be functioning
actually for eny later member to become & concrete poscibile
ity. Then, the schepe,P, can functlon thougnh nelthsr Q nor
R exlst; the schenme, ¢, can fﬁnction, though R does not yet
exist; but § canuot function unless P i: slready function-
ing: and R caanot function unless @ is slready functioning,

Thus, by way of u simple 1llustretion, one
may advert to the dietary schemes of asimals, All carnlvorous
animals cannot live off other carnivorous animsls,. Heute,

a carnivorous, dietsary scheme supposss atothar herbivorous,

S 7 .
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dietery scheme but, iaversely, there could bs harblvorous

enimels without avy carnivorous animals, igsain, plaasts can-
not In general live off aniwmalsy thie schexe of thalr asurish-
“ant invelves chenical processes ) &nd thet schewe can func-
tion apart from the existonce of eny malrvals, Fincllr, chem-
ical e¢yclas are not indepandent of physical lavs yat, ine
versely, the laws of physles can be cosbinoed into schemss of
racurrance thot ars indepondent of -henical 2rocesses,

Such In briefzst outline 1s the notion of
the conditionzd series of schemes of recurrence. Let us senk
a slight incrzase in preclsion by dvawlag & thr2efold disge-
tincbion betwesu 1) the nossible seriztion, 2) the probable
seriction and 3) the actusl seristion,

The actual seristion is Tnigue. It consists
of the schemes that actually were, arg, or will be Tunction-
ing in our unilverse slony with procise specilicarlons of
tneir places, thelr durations, and thelr rela-lons fo one
another,

The vrobabile seristion 4ifl=rs {rom the
actial. For tha sctual diverges noa-systanctically from pro-
bability expectations. The actual 1s the fuctnal, but the
probable is ideal, Hence, while the actual seriazion has the
aniquenacs ol thy nmatter of fuwet; tne probeble sarletion has
to expibit iy cuwaalative remifications of prowable alierna-
tives. Accordingly, the probable seriutlon 1s nnt & single
series but s maslfold of series, At esach stige »f vorld pro-
cess there;E?% a set of probuble next stages, of which some

are nore probable than others, The actual seriation Includes
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only ths stiges thet occur, Tha 2roteble seriatisn luelulea
all thet would oceur without systemetic dlve-yance from
the probabllitizs,

The possible seriation 1s still mors remote from
actuality. It Includes all the schemes of racurrance thet
could be devised from the clussical lans of our universae. It
orlers them in a cvondltioned serieg that rarifies not only
along the linos of probeble slisrasntives but zlso wlong lines
of mere possibility or negligible probebllity, It is equelly
relovent %o our wiverse and to way other :universe subjeet
to the same clis:icel laws, no matter vhat 1ts initial num-
bars, Jdiversities, «ad dlstribution of claments,

0f the three seriutinis, then, the possible ex-
hibits the grestest complaxdty and variaty. It depends sole-~
1y on & consideration of classlcal la. s, It suffers from the
indeterminacy of tho abstract, and so 2xhibits the »rocess
of any universe with lavs similar to ours, The probsble ser-
lation depends on statisticel as well as clas:zical laws, and,
indeed, on the statiztical laws thut arise from the initial
or basic situation of our world. Still, if it is asot &s ab-
stract as the possible seriction, none th2 lese, it is idesl,
FFar sach moment of world history, 1t assigns a most probable
future course. Bul it also assirns a seéies of less probable

coursas, and 1t has to ack-.ovlelge shat any of these may

prove to b2 tie Joct, Finally, the actuel serlation 1s unique,
but it pureaasas its uniqueness by golng beyond tho Fleld of
all laws, classical and statistical, and entering the fleld

of observation, in which alone non-systenatie divargences
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from probablility are determinate,

T ?rng?%aw

2./, oatline of the notlion of & condltioned
suriees of schzxes of recurrsnce supnoses bhaft one cun attrie
bute & probubllity to thz emargence and to the survival of &
schene of recurrance. ito ever, our account of nrobabllity
has been in terms of th: freguozney, not of schones, but of
avents, Have schemes any nrobabliity? I they have, 1s thare
a distinct probability for thelr emsryunce snd another for
thalr survival? Such gues-ions must be mel, -

Conrider u set of events of the tynes, A,
By, Cyeun end a world $itration in +hich they possess Tas-
pactively thie nrobasilities, p,gplsess o Then by . zenaral
rale of probehility theory, the probability of ithe oceurrence
of &ll the eveats in the se#t will be the produc;}ﬁ%;lpg;....,
of their respective probetilitiez,

Jow let us add a further agssurntion, Let
us supoose that the set of events, 4,B,C,+444 s&tisfy a con-
ditioned scheme of r:currence, say K, in a »orld situation
in which th= schenme, X, 1s not fimetloning but, in virtne of
the fulfilment of prior condltions, could begin to function,
Then, 1f & weve to occur, B woull occurs If B we 2 to ocaur,
C would occur. If C we e Lo ocRiryeeeas & wnuld occur, In
brief, 1T any of the eveats iIn thes set were to occur, then,
othar things being equal, the rest of the events In the set
would follow,

In this c:se, we may suppose that the

probabilities of ths single sventis are respectively the same
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as befors, but s cannot ﬁupﬁose that %2 probabliity of
the combin:tia of all avents in the set is the came &3 be-
fore, As 15 esslly to bo seen, the ceoncrote npossibility of
& scheme beglnalng to Tunction shifts the probablility of

the combimrtion from the product, Parie.e, to the sum,

P+ Q+ r+ ,.uvs For, in virtue of the ¢-hene, it now is

true that A and B and C end ,.e., v1ll oceur, 17 oithiar &
or B or C o +u.s, Occur; and by & goneral rule of probabil-
ity theory, the probabllity of a set of sltarnutives 1s
equal tb the sum of the nrobubilities of ths alternatives,
How a sum of & get of proper f?antions,.g,q,z,....
1s eglways greater than the product of the same fractions, But
a probabllity 19 a proper frictilon, It follows that, when the
prior conditiasns for the funectioningy of a :cheme of recurrence
are satlsfiad, then the prohabilivy of the combin.tion of
avonts, constitutive of the scheme, leap from & nroduct of
fractions to a sum of f{ractionse,
Thers exlsts, then, a probability of emergence
for a scheme of racurrence, That nrobenllity consists in the
sum of ths respective probebilities of all tho events included
in the scheme, and it arises as soon as *the prior conditions
for the funictioning of the scheme are satlisfied.
There aléo exicts a probability for the sur-
vival of schemes that heve bagun to function, For, of itself,
& scheme tends to assure its own perpstuity, Tha positive con-
ditions for the occurrance of 1ts component events reside in
the occurreance of those events. Even nsgative conditions, with-
in 1imited ranges, cun be provided for by the development of
defensive circles, None the leus, the perpetulty of a scheme
- 158 -

[ . s
R i A1 S T LR
T




A~

o e

197

The Comnlerentarity of Classical snd Ststistical Invashizstions

is not necessary. Just as classical laws are subject to the

proviso, otnar things belng ecual, o also ¢—e the schemes
constitntes L - coanblaations of clasaicel lawvs: an’ whather
or not othr thiass vill continae to be equel, is & question
that admitc an answér only in terms of statisticai lavs,
Accordingly, the probabllity of the survival of & schame of
recurrance 1= the prohability of the non-occirresace of any
of the events that rould dismipt the schens,
Emumend Hte bl
2.i/ hu:? There ha¥e been formilated the notion of & con-
ditioned series of schemes of recarrsnce and, &s vell, the
general sense in which one can speak of the probability of
the emergence and the survival of siigls schemes, From these
considerations there aow comes to light the notion of an
emergant probabllity. For the actiaal fuuctidoning of earlier
senemes in the series fulfilis the conditlons for the possi-
bility of the functioning of later schemes. As such condli-
tions are fulfilled, the probability of the combinatlon of
the compou-it &veonts In & scheme Jumps from e product of &
sat of prﬁpar frections to the sum of those proper fractions,
But, what is probable, sooner or lator occurs, When it occurs,
& probability of emergence 15 replaced by & probadility of
survival: and as long &s the scheme survives, it is in its
turn fulfilling counditions for the possibility of still later
schemes in ths serles,

duch 15 the goneral notlon of emergant pro-
bability. It results from the combination of the conditioned

serles of schemes with their respective probahilities of

emergenée and survival, While by itself 1% {s extremely

- 159 -
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delune, 1t nossescses rather remsrkeble potentislities of
exvlanstion. These must now be Indicated in oatline, &nd so
we attampt brief conslderstions of the siguiflceace for
emarzent, probability of spetiel distribntion, sghzolute num-
bers; long intervals of time, aselection, stability, snd
develonmant,

The notion of a conditioned series of schemes
involves cputial concantrations, For each leter set of
gchemes becomas possible In the pleces shere sarlisr schemes

are alrsady functioning, Accordingly, *the most elementary

schemes, which are earliest In the serles, can occur any-
vhere In the Initial distritmtion of naterdnls, bHut the
second batech can oceur oaly where the first have in fact
occurred, the third caa occur only vhere the secoad have in

fact occurred, an? so on. Moreover, since the realization

of the schemes 1s in accord vwith the probabiliti=s, which |
may bz low, one cannot erpect ell nossihilitles to be actuated.i: E
Hence, elementary schemes willl not be as freguent as they ; ‘;
¢o:ld be, to narrow the nnssible besis for cchenss at the
second remove, These will not be as frequent as thay could
be, to narrow agailn the possible basls for schemes at the
third remove, &nd so forth, It follows that, however wide-
spread the roallizetion of elementery schemes, there will be

a8 succession of constrictions of the volumes of space in

which later schemes ecan be mund. &imilarly, it follows that
the points, so to =peak, of greatest and least comstriction
occur where the probablilities of emergonce of the naxt sst
of schemes are respactively the lowest and the highest,

Finelly, it follows that, since the latest schemes in the

e e —————— ke g e
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serdes heve the greatect number of conditlons to be ful- £

. I

f11llzd, thelr oc:urrence will be limited to a reletively i

snall number of places, 1

Sebomdly, there 1s thn significencae of absolute
nimbers, For lorge nushere offeet lov nrohabilities, What
occure once on a million accesions, is to b expacted a 18
miilion timee nn e millinn million occasions, iHor thoe wini-
wim probubility vartains to the latast sehemes In the serias,
for thelr enargence supnozas tha emergence of 4ll earlier
scheunes. It follows that the lower the probabllity of the

last schenes of the coutlitionsd serdes, thy gr2otnr must be

the Initicl absolvte nwbars 12 which slementury gchemoes i;;
can be realisad, In brief, ths size of a umiverss is inverse- igf'c)
ly proportionaty to the probability of Lts ultimate schemes 8
of recurrence.

Thiedly, there is the sizmnificance of long in-

tarvels of time, Ho matter hov pr2at the unilverse and how

widespreud the functloning of elenentary schomes, there is

an Incereacsing concentration of the spatisl volunas 1n which

o
' later schemes can he realized, Sooner or later, the ialtial
e benefit of lurge nuwbesrs is lost by the succassive narrow-
ing of the basis for further develooments, But &b this noint
‘ long intervals of time become siznificant, Just as a million
million simultaneous possihilities yield a million probable
€ reslizations, wiose probsbility is ons in a million, so also
g a million millinn succeszive nossibilities vicld a miliion

srobable roxlizetinsns umder the same axpectatini,
TFourthly, there is & selective significance
attached to the distinction between probabilities of emer-
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gence and nrobebllities of survival, If botih are low, the
asceurrenc: of the soheme will be hoth rare and flesting, If
both are high, tao occurreaces will be bath corman and ane

during. If the probebillty of emergsice 1s low an? that of

survival Is high,'the schems 1s to he expected to be rare

but endurings Finally, 11 the onposite ciss, tho expectation

1s that the schene will be common but flaating,

Fiftuly, thic selectivity has its signiflcance
for stability., The functioning of later schems: depeads upon
the functioning of earlier schemes, so that 1f the earlier.
collapse, thea th~ later vill collapse as =well, It follows
that the line of maximum stolbility woald be of common and
ndaring schemes while the line of minimum stability would

be of rarz and fleeving scnemes,

Slxthly, no less tha:. stebility, the possibili-
ty of devalonzont mast be constdersd, Unfortunsately, these
two can cx.Llet, Johemes with high probabilities of sur-
vivel tend to luprison paterlals in tiheir omn roitines, They
provide a highly stable basis for liter scremss, but they
also tend to prevent later scnemes from emerying, A solution
to this nroblem wonld be for the carlier gonditioning schemes

to have a high probabllity of emergence but a low probability

of survival. They vould form a floating popnlation, on which

later schemes could successively depend. Dacanse their pro-

bablility of survival is low, thay would resdlly surrender
materials to give later schemes the opportunity to emerge,
Because thelr wrobability of amorpsnce was high, they would
readlly be svailable to fulfil} the conditions for the fune-
tioning of later schemes,

_162_
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Headless to say, tie forogaing eonsiderations
sre axtremely rudimentery. Thoy see lirdted to tha emergent
srobablility o ony esanditioned serles of schiomes of recurrance,
Thay mexe 1) erfort towsrds developing that notion in the
direction of itz aprlication to the eondlitione of th: emer-
genca and zurvivel of modes of living, Howovar, while abso-
lutely such a f1lur exvosdtion wo.ol? ba desirable, still
1t has oo vlece 1n & merely fnnaric ececount of world ordar,
Fer the premire of & genaric sccount s, not the cratont of
the netursl seiences, but the possibllity and velidity of
thelr assﬁmptions and nethod,

The naint we are ondaevorlng to make, vithin
the 1imits of our narror premise, is that thoe nation of emer-
gent probanility 1z ewnlanstory. Intellirent inouiry alms at
tnaieht, But clessical lavs alone offer no iancight inte num-
bers, dlstribntions, concentrations, *ime intorvaels, selec-
tivity, uncertain stablldty, or dzvelopment., On the contrary,
thay ahstrect from the instwnce, tha placs, the time, and
tha concratsz conditinans of sctual fuctioning, Agein, sta-
tisticsl lavs, as & mere aggregate, affirm in varlous cases
the 1ideal frequency of the oceourreance of events, Thoy make
n6 nretenca to explaliaing why theve are so eny wiads of
events or why each kind has the frequency attiributel to it,

To r2ach explanstion on this level, it is necessery to effsect
the concrete synthesis of classical laws into a cnaditinned
series of schemes o recurrence, to establish that such
schemes, ag combinations of svents, acquire first a probabill-

ty of emargence and then a probabllity of survival through

o )
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the realization of the econdltioned serins, wnl Finally to
grasp that, if such & serles of schemes 4s beldng realized in
accord with probabilitics, then there 15 aveilable a general
priveiple that nromilses an:vers Lo quaestions about tha rea-
son for numbers and &istributiﬁns, concontrations and time
intervals, salectivity ond uncertain stability, d.velooment
end bresk~downs, To work out thoe gnsvrars »ertaing to the
natural celone=s, To grasy that eoergsnat probabllity 4s an
aexplanator, idea, Is to know wnat is meant wien our oblective
was characterized as & ganarle, relatively Invarizat, and
incomnleta sccount of the Luwment iatclligivility, tha order,

the design o “a~2 uulverse of our oxperianca,

/C}hAzﬁxkvndxfi lgﬁuﬁjéwfiE;Za{;i .

2?;, Hare remsins ths task of vorking out the
ganaric progerties of a world process 1a vwhich th2 order or
design is enmmscituted by ewmergesat probability. Tnls we shall
attappt in two mein steps. First, we shall sumesrize the
@ssentials of the notion of amergent prohabiliuy, Secondly,
va shall enumerate the consequaences of thet notion to be
verified in world process.

The essentials of tne notion of emergent
probabllity may be inidicated in the followlng serdes of
assertions,

1., £a avent 1s what is to be Raown by answering
"Yeu" 4o such questions as: Did it nappen?®
Is it occurring? Vill it ocour?
_:2. fiorld process leg a spatio-bemnoral manifold of
events. In otasr words, there are many events

8
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and each has ity place and time,

vents ere of kinds, Mot every event Lg¢ & new specles,
eloe there could be neither clessical nor statintical
laws,

Lvents zre recurrent, Thare are many events of each kind,

and all zv3 not at the sape time,

5, There ar2 regilerly recarrent events., This repularity

6,

7

is understood, inagsmuch av combiaations of classical

laws yield schemes of recurrence, bchemes are clrealar
relationships hetvesn evonte of kinde, =uch thet if the
gvents occur once in virtae of the cirecmler relstionships
then, other thinss bein;; equal, they keep on recurring
indefiniltely.

Schemes con be arrenped in & conditioned e:ries, such
that the ecrlier cen function vithout the asmergence of
the luter, but the liter canndt emerge or function unless
the ecvlier alreudy sre functloning.

Conbinatioas of events possass a2 probeblility, and that

m

probebility Jumps, firrd whon gschene becomas concretely
passible in virtue of the fulfilmentuaf 1ts prior condi-
tlons, anl cocondly when the scheme beglns zctueally to

fuactioi,

8, Theo sciuel freguenciss of evente of each kind in each

place and at aach thiee do not dilverge systematicelly
from thalr probabilities, dosevar, actnal fraguencles
may diverge non-systematically from probabliities, and

thet non-systematic divergence is chance. Accordingly,
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which the design is emergent probability, run as follovs:

C ot i e g e = mes menn

20%

probuebilisy and chance are distlact
and are not to be ennTused,

G REmergsnt probabiliiy 1s the success-
ive realization in teenrd with success-
ive schedules.of vrobuliility of a con-

tioned serics of scnoemes of recurrence,

The congequent properties of # world process, in

1, There is o suacezssisn of vorid situa-

tions, Lach is characterized 1) by the

schenes of rzeourrence actually functlon-
ing, 2) by ths Qurther scueses thab now
havz become concretely posslole, end

3) by the curvent schedule of nroba-
bilities of" survival for existing schemes
and of nrobabllitles of emergence for
concretely possible schemes,

2, World process 1s open. It 4s a success-
ion of probuble realizations of possi-
bilitdes, hance, 1t dogs 10t ™in along
the 1ron ralls iald dovn by datermin-
ists nor; on the other hand, 15 it a
non-intelliglble morass of morely
chanee svents,

3, World process 1s increasingly systen-
atle, For it lc the successive regliza-
tion of a conditioned seriles of schames

of recurrence, and the further the

- 166 -
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serles of schemes s roaliined, the grester the systematize-
tion to which avents are subjscind,
The increasingly systenetlce cherscter of vorld proeess
o G
i;hassured. o mittor hov slivhit the nrobability of the
realization of the mosi develored and most condlitioned
soheres, the emergence of thaose cchenas csxn be assured by
sufficlently fncrescsing absolut: aw-bars cud suffieciently
proloaging intervels of time, For cebael frequémcies Ao
not divergs systemutledsdlly from proue™ilitise; but the
gracter the swambers and-the longer the time intervels,
tho elettrer the need for e systamatde {ntervaation to
nrevent the probable frem oceurrviag,
The siyatficraes of tn: indirial or baeic vorld eitustion
1 1init 4 fo bthe rogslhilities £t containg and to the pro-
babilitics 11 esgigns 1ts possitilities, By the Initisl
world situetion s meant the sitzenion thet is first in
times by the bosic vorle situstlon is megnt the portisl
prolonzetion through tima of initial e~nditions, such as
arices, for instenez, 12 certein contemporery hypotheszes
of coatinuous crestion, | |

In olth»r cose, what is significrnt re~ides 1in
posslbilitlies »n? thedr probabilities, for in 21l Lts
stizes, world nrocess is the probeble realization of
ﬁossibilities. triile the 2erermudidst wonld dacire fall
1«fornation, e¢7ict to tas ath decimal place, on his Ini-
fiml or heelce sitw tlou, the advocate of erergent pro-
babllity 1ls guite setisPind vwith any initial situation in
which the most 2lomentary schemes can srerge and probadly

will exerga in sufficient numbers €o sustain the subse-
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7.

Fe

10,

1.

Quent Sheituca,

Vorld procsess aduits gaoomous differentistlion, It en-
vivegas the toteiltny o voselb 1itien dafined by clags-
Jeal laves. It residoes Sheve possil:ilities In secord with
s pucceesslve scho 1las of prodab:lltless f7, iven
sudtflelent anebers ol sulflolant tlsed, evin slight
arobebhilitias bocose &3ﬁnrﬁd..

Porld srocess odaibs Lresk-dowis, or 19 scheme Has wore

then g probotillty of su-vival, 29 thel there ¢ Tor overy

L

eiien 890 nrobibility »f 4 bregaslown: ant giane aarlis
wenemas evedibion leter schans, & hrast-297n of tha for-
Teart AR, bhe DYar-~Iown 0 i Lathals
Corlt pracesy loclehbey Yiond ullere, Sor o oonenas with a
Tigch opabebitdty ol suvvivar neve g grobebllity of

AR ety Do fetows izt warp o Lol fo bind
withon ool pontines the mereriels Tor by powe ity

of laner selienmer ond oo to block thw vy to M1l develon-

‘ Y T S I il T
» laber 8 cohewa 1o 1o bhe cowdlciane meving, the

nerrovar 4 fho distiitation, or aetusl rociization iz

Tenar

R T . - - . PO T . . '
Toss froguent thea bz covroene possinilitys e

N each
liter ot of sunnmas 1o enncratedy poaesiblo ouiy whare
aickior, conditlonin sonegr ove JTuactlo ing.

e N . . i w1 - 1 Dot ot vyt Iy
Pho scepduer tho hoels Tor ke amarg 200 06 euch lator

gt ol soienwes, the gvadtar tiie ne d o Liavoka lang intar-

ltﬂlﬂ';aVQ of larg

o
=
=
|
=
[
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o
o

nuabars s excludad,

The grostar the probabllities of blind alleys and break-
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downs, the graater mist be the initlal absoluts nunbers,
if the reoellzation of the whole zeriss of schemes is to

be assursd, For in thls case the device of long time in-
tervals might not be efficecious. Blind alleys with their
inert routines coull last for extremely long oariods and,
when they suffered break-downs, they might result in an-
other blind alley. Agaly, a situation which led to some
developmant only to suffer bresk-town might merely repeat
this process more freaguently in a longer intarvel of time,
On the othar hand, the effect of large initial numhers is
to assure at laast one situstlon in which ths whole serles
of schemes will win throngh.

The foresgoing properties of world process are generie,
They assume that there are laws of the classical type, but
they do not assume the defermin&te econtamt of any portienw
lar classical law, They assume that clcssical laws can be
combined iuto the elrcular relctionships of schemes, but
they do not venture to analy;b the strueture of eny scheme
rhatevar, Tney assume thet thers ars statlstical laws,

but toere Is no assumption of the deterainate enitwnt of

- any statistlezl law,

Loragvar, these properties are relsativaely in-
varlant., Tuay rest on the scientdstls necessary presup-

position that there a&re classical &nd statistical lavs to

be determined., DBut thsy In no way presjudge the determina-

tion of those lavs nor the munnsy in ehich they are to be
combined to yleld schiemes of recurrence aud thair suecess-
ive probabillities, It follows that the foregoing pro-

perties of world process cannot be upset by any amouant of
- 169 -

it s LR



{

The Comnlementarity of Clagsical and Statisticel Investigatlons 208

scientific work in the determination of classicel or
statistical lavs,

Again, thess proverties are ezplanstory of world
processe. Thay reveallan order, & design, an Intelligibility,
For they accomnt in generic fﬁshioqi for nunbors and time
intervals, for Jdlstributions end coﬁcentratimis, for blind
alleys and brzak-downs, for enormous differentiation, for
increasing systematization, for stability without n=essgsity,
for asmurancse without determinism, for develonmant without
ch&nce.

Finally, the intelllgibility, offered by the
explanation, is immanent ia vorld process. It exhihits the
innér design of world process as an emergent probahility, and
from that design it concludes to the outstanding, gen=ric
features of t» same process., Accordingly, since amnirical
method aims at such an irmaneant intelligiciilty, emergent
probability is & view of world order within the linits of
ampirical xrethod. 4As we bagan by inviting tha reader to
Erasp the.intelligihility lmmanent In the image of a cart-
wieel, so now we are inviting nim to perform again the same
kind of scb, Tha ouly differgace 4s that, for the image of
the curt-vhsal, he now must substitute the mein feetures of

the universe of our experience,
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Cﬂu?&aaSK kot
3.9/’ liere fo & clerificetion of ideas Shrouph
contrast - ith tueir opnosites. £s o have nrpuned thet en

acceptance of both clusaiczl and statlistical laws lsads to

some such world view as amergant probability, =o anow w2 have
to see how different methodological positions re ult in
differant world vievs,

T, Dne B, bitortt Vo,

.’/ Aristatle PBLOhliZPd hoth naturel laws and
statisticul residias, Put his natural laws lupped togsathor

In primitive eoufusion not only classiesl laws and schemes

of reeurrence but zlso wu elameat or asnect af statisticsl
lavs, His distinction was between thz necessary and the con-
tingent. The uecessary was what always happsns, as in the
movements of the stars, The costiagsent vas vhat usually hap-
pens; thus, 'isually, heavy bodies fall to the earth at, some-
times, they are propped up and so do aot fall,

Hot oaly did Aristotle fall to grasp the

abstract lavs of azture of ths classical type, but exe
plicitly he repudiated the nossibility of a thaory of vro-
babiiity. For him gll terrestrial events vare contingent,
No .oubt, effact follows from causat but It doss so, only
1f some other cause does not intervene: and such interven-

WJ;"GA-I-/W At s OB
tion is a mare coincilence, QRGQ can be traced back to earlisy

aud ot
colncldences, Prow tihe eavlier coincldances one can repress
to gtill earliqr coincldences; but one can never get out of
the category of the merely colncidental, and vithin that
category there 1s nothing to be grasped by any sclance,

Hence, while Aristotle recognized statistical residues and
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concrete patterns of divergiang serles of coditionz, h2 had
no theory of probabillty to bring them to heel within the
field of selentific kaowledge.

5till, Aristotle had no inteation of 2lloving

terrestrial process to bog down ian a mare morass of coinei-

dental interferences, To exorcize such entrovy, h2 &rgued
from g2ssonel vart:tions to tha 1ufluence of celrstial wodles
ﬁpnn terrantrial cctivitles, Bzcausz the sun and moon, the
plansts and stars, operated necessarlily; because they operated
from successively different positions: they supnlisd him
with & sufficient ground end cause for the periodicity and
perpetulty of torrsstrial change. In thi¢ fashion there arose
his notion of an 2tarnal h=aven, an eternsl earth, and an
etornal cycllc racurreuce,

bLmergent probabllity liffers from the Aristotel-
ian world view, beceause it rests on a different notion of
science and of law, Clas ical lavs : re abstract, Thg allegad
necessary movemants of ths heavens are narely schames aof re-
currence that arose through the unfolding of prohabilitises
and will survive in accord with probabilities., The regulari-
ties of terrestrlal proce:ss sre essentlally sinilar, though
herc the schemes are more conmblaex and tha probabilities lower,
Fi.#lly, eternal cyclie recurrence venishes and in its place
thora comes the successive realization, In acecord with
enccessive schedules of probabilitles, of & conditioned
ageries of nver mors complax scnemes of recurronce, It is not
celestial necessity that gasures the success of terrestrisl
process, uvut oheryaent probability that provides the decign

of 4ll proceas: and that design is not an etsrnal, cyeclle

o) T
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recurrence, but the realizatiosn through probability of a

conditioned serics of asver more developed <cnemes,

e Golliann Woih Virca.
3e2/ Galileo discovered our law of fulling beodies,

but he failed to recogalze 1ts ebstreoctuness, Correctly, he
grusped that explenation lies beyond description; that the
relations of things to our senses must be transcended, that
the relitions of things tojone another must be grasped, and
that a geometrization of nuture i1s the Koy tool in perform-
ing this task, Stil1 Galileo did not casﬁ his methodological
discoveries in the foregoing terms, Instecd of spazking of

the relations of things to our censes, he spoke of the mere-

ly apparent, secondary qualitlss of thinge, Instead of speak-
ing of the relations of things to o:e anotihier, he spoke of
thelr recl ana ollective primary qualities, and these he con-
ceived cs tine mutnematicel dimensions of matter in motion,
Thusg Galileen mathodolopy 1s penctrated with
philosophic assumptions about reality and objectivity ang,
unfortunately, those assumptions are not too hapsy, Thair
influence is evident in Descartes. Thelr ambiguities appear
In Hobbes and Locke, Berkley and dume, Thelr flnal inadequacy
becomes clear in Kant, vhere the real end oblective bodies
of' Galilean thought prove to constitute no more than a vhenom-
enal world,
liitherto, on the other hand, our procedure
hzs been to prescind severely from philosophic questions
about reality und objectivity, In due course we shzll have
to maet them, Bﬁt our presant concarn 1= the faet that Gelil-
ean laws of naturs are not conceived in abstraction from

sensibls or, ot lowst, Imsgineble elements and, consequently,
- 173 -
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thet the ¢alilza: law stands 1n the £lald, unt of our abstract
clas-ical lavs, but rathsr of our scnaues of rvecurronce in which
ébstract laws g2 it inanle elaments can comrine,

From tudz eaneretenass of tha concention of naturel
lavs there follows a *rofold eonsagnence. OQu the ono hard, thoare
arises the hostility of incomprehisnsion sgalnst statistical laws,
On the other hand, there resulus a meéh&nistic viev of thr uni-
verse, For, in the abstract, clussical lavs nnssass undversalley
and necesslty, The Galilean aclituowledpes thls universality and
necessity but cannot recognize its abstrsctiess, For him, it Is
attachaed immedictely to Imaginable particlas or an imarinahle
ether or both., For him, it is slready concrete, and so it 1: not

Fov M,
in need of further determinctions to reach c¢oncreteness, Fuskien,
the further determinations,which rould be non-systenmaticaliy
relet>d to ona another, simply do not exdst, Accordlugly, since
he has no +doubt of the existence of classical laws, he cennot but
repard statisticél laws ac mere Formalations of our igiorince,
There is some vest ag, rogate of discrete or continuous but imegin-
able elaments; they are sublect to universal ani nacassary lavs:
and the business of thz scientist 1s the hard task of deternining

Aut

those laws and so predicting zhsat canno?ﬁoccur.

o Koreover, witiiin this context, ths negation of

statistical laws involves mechanism., 4 machine is a set of imag-
tnable parts, @ach of vhich stands in det:rainate systematle
relotions to all the others, In lika maansr, tho universa, éi
inmplicit in Galilean methodology, is &n aggregate of
24 imagiaable parts and cach is related systematically to | _jP
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all the othiers, The sole difference 15 that, anart from tha
mecitine, thore are other imapginable elemente that can intar-
fere with its overation, hut apart from the universe of.

Imaginebls elomante, what imapginable interventions can there

arise? HMechanism accordingly becomes a determinism,

Intil racently, thie Galilean view has been

dominant in scientific circles. It 2asily survived the rether |
velled implicutions of Darwinism, But 1t seems to have suffer- é?
ﬁn*fa;%\ ed & cr#%ling wonnd from the overt claims of Guantum Mechan-
ics. Our srpument, hovever, moves on 8 different terrain, It

appeals to Darwinism and to Quantum Mecuanics only as 11lus-

trations of sclentific int=lligence, Ite nroper premises lie
in the dynamic structvore of empirical inquiry end In the
canons Lhint govern its mfolding. In that €ield it has noticesd
that ghstraetion is not impoverdshin;: but enriching, that in
the sense of enriching abstraction classical la%s_are alb-

stract, that a systematlc unification of olussicel lars does

not imply the possibility of imuzinative synthesis, that the

n

concentration of systemutic relationships In thea gbstract Ej
isld leavse the forther determinutions, necded for concrets
applicetions, non-srotemetically reluated to ohs anothar, It

follows that classical and statistical lave, so far from be-
ing opvosed, are complementary, It follows that the reguler-
ities of our universe result, not frou classical laws alone,
but from the combinetion of such laws with suitable con- i
stelletions of concrete circumstonces, Finelly, 1t followvs
that these schemés of recurrence - just as the machinss

that men make - emerge and functlon, survive and vanish, in

accord with the successive schedules of probabilities for
- 175 -
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the reciization o7 & corsditioned serlse of schemas,

33 There are thogse thot dete the davn of human ine
telligence from the publicetion of Darwin's Origin of Spacies
in 1859, In fret, thourh the work Jdoaoc aot contein eny sya-
tematie statomont of methodological foundatlons, 1t Jons
nragant the outaetaniing instance of the emnleol =nt of pro-
bability ac e arincinle of :implanation, For, L iths first
place, Dur Intem proposes to axplain, It offers to tell why
spacles Qifier, vhy thsy are found in thedr obsarvahle
spttlo~temporal distribations, why the nurbers in each speciles
increase, or remain coustent, or Jdiminich oven to the noint

of extinctlons, In th- seecond place, the explanation crasents
an intelligibility immenent in the data, grounded in similari-
ties end differences, in numbers and thelr rates of change,

in distributions over the surtfuce of th: aucth sand throush

the epochs of tveology. La the third plice, this immanant in-
telligibility differs radically from the immanent {ntollisi-
bility offared, for instance, by Howton's theory of universal
ersvitation or Laplacels affirmeting of & sinrle methomaticsal
forsm:le by which & sultably endoved intuelll: ance micht deduce
sy vworld situation Trom complets infornation o1 a siagle

sftuarion, For *h12 follower of Laplace caninot roach any

daterninara ooncinions, unlesa he Ls proviled with fully

gceurate information on the basle sitouatlon, But the follover

of Darwin 1s indifferent to the details of his basic situa-
tion, and he obtaiﬁs his conelusions by appsaling to the
naturel selection of chance varlations that arise in any of &
larpe variety of terrestrisl processes from any of a large

‘variety of 1aitial szituations,
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It 1s not difficnlt to 4isce n in Darrint's

natural selection of chancy veristions a nurtlealar case of

- a more general formuila, For &t 1s not ths siy le, isolated

variation but rather a combinztion of variations that 1s
sijnificant fov tha evolutionary wrocess, Arain, -hils such
cosbinations of variutlons may b2 attridbuted v1 chance, in
the sense that th~ blologlst 1s concernad, not ~ith efficiont
causality, ut - ith an Lasanent Intellizibility, still, whet
is significant for ovolution is *he probshility of amarrance

of such combinations of variations znd not =ha non-systematic

- divaergence fron their probability, wiieh 1s our meaning of

the name, chence. Finally, as chance variation iz an in-
stance of probability of emergunce, so naturel sslection is
an instance of probability of survival, A-tAficlzl selection
1s the work of the brander, who mates the nlants or znimals
possessing the chavacteristics he viches to encourare, Hature
al selection %s the work of nature, waich gives a shorter
life expectancy and so less fraquent litters to the types
that are less vell equipped to fond for thamselves, St1ll,
nature efl2ets this selection, not with the Jxact predicta-
bllity of the chanping nhases of the moon, but only by a
general tonlongy that admits excaytions and that incroases
o efficeey with tha lncrease of numbers an?® the prolonga-
tion of tim: Intervols, In a vord, nuturel selaction means
survival in sccord with the probabillitlies,

Morgov:r, these coudbinations of variatlons,
which possess probabllitles of emer_ence and of survival,
gre relevant to schemes of recurfence. For the concrete

living of any plant or eaaimal may be regarded &5 a set of E
- 177 -
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sequances o apereT a.s. Gueh aperdations are of kinlsy there
are aany of the same xind; and thoze of wh» seume k¥ad occur
at different times, Thars wre, thaa, in secd: cet of seguences
recurrgnt operatlinas, and tha regulacity of th: rocurrence
roveals tha exis fnnc any functinniag of achures.
Nithin susit schemes ths plent o- ¢ imal 1s

only a componant, Th2 vhole schemezie circls o avents doss
not occur within the living thing, but Loss beymd it into
the enviranmenﬁb from wiich sustanance 4¢ ﬂon;;and {rito
which offspring &re bora, Ho Joubt, the higher the type, the
groeter Eha complsexiny and the proecter ths nrovortfon of
hihui4¢cant gveants that occur within the enlnsl, Mat this
grecter eomnlexity only R2ETIS that the larpear elrely connychs
g series of leczrer and inconnlabs eircles. The vascnlsr cir-
culetdon ocxusc within the eninel, but it depeands uvon the
digastive systam, which depeads upon the anlusl's cepacity
to deal vith its environment and, 4 turn, thet cipuelity de-
pends on the growth &nd nourishment sceured by itk vascular
system,

Again, the plant or andmal 45 a enmponent faor
& range of schemes. Unlike the »lanets which stick to their
courses in the solar system, aud like the electrons vwhich
may be imaginzd Lo hop from ons ordblt to an~ther, the plant
or animal enters into any of & ran.e of sets of zltoernative
sschemes, This renre is limited by {umanent =trustare and
capacity. Still, though it is limitad, 1t remeins open to
alternatives, Por without chanpe of structure or of baslc

capacity, the plant or anizal continuzss to survive within
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Cehapher with the qualification that later, when the notion

some varietinng 7 temperature and pressure, of circum-
ambient watae or alr, of snalight and so'l, of th: floating
population of other plants or animals o1 which 1% lives,

At thls ooint, howevar, the diffzrances be-
tween Darwinism and emerpent probahility bagin o coma to
light. Emer. mt wrobability affivas a condit ined sarins of
schemes of recurrence that are realizsd L, serard with

successive schaliulan of nrobabliities, Dar-iaien, on the

other hand, affirms 8 conditioned series of 2pecins of things
to be replized in aerord with sacoessive sebedniog of pro-
babillty. The t- o views arce narellel In thalry Torvsel strce-
turas., They are r-duty!, inesmuch ti ¢peclas of Tivin: thinge
amarpe and fonction within ranyas of altaernetivs sots of
schanee of recurronce, done the lass, thare is a nrofound
diffarence, Foar Darwvinde: probabiiities of esorgsace aad sure
vivel re.is2d, uot sehemss of rociarrence, bub unlerlving
notential conronentd for any scoemes within a limited rangs,
and the Darvinian seriss of spsci=s 1s a sequence of hivher
votentialitles thet extiibit their development by tholr
capacity to fuaction in ever greator ranyes of sltarnative
sets of scnemes.

This difference proapts ue to reczll thst . 3
the present account of emerpent oprobability did not aim at

completaness, Ve had not ralsed the guestion, Yhat ere things?

e

Ve had not Aetermined whethar there 4s an answer to that
question that saticfies the sclentific canon of parsimony,

Accordingly, we presented emergent srobebility in the present
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of thidng had bea. invassliutod, thavs =ipght bo nasdad g

fryvthar Iwvalozumt of the nolysis,

Darindom wanld faticete the neces ity a7 snch
& furthar Jdovaloumambe Accordlagly, 1f a sabtice™setary notion
of the thi~g can be rzachad, thore will arice fthe f2llow.
ing quastion., Are thiags potontial coanwananks To ranias
of schames of recurranca? Are they va-lable in “ii:22 patan-
ticlities? Are such varistions of noteatiallisy cupable of
transnission? Is there a saries of conbingtions trans-
missible varditlons of potentinllity? Are there the apsro-
priate, succeszive schedules of srmahebilitdes for th: emer-
gence dnd the survival of the series of coshlastinns of
transmisslble veviatinns of votentiality? Finully, 2f these
quzetiang can be aawvared affirmztively, can these affle-

: mationg rast o0 geasral, aatholdoloyplcsl «roonids?
SRS O .

| 3.4 Indeterminism.
By indeterminlsm ls meant a contemporary tendency
. that owes 1ts‘3§?g@hfor1gin to the verifled squatlong of Quantum
Mschanica but goes"ﬁeyond 1ts source lnasmuch as 1t pronounces
on the nature of sclentlfic knowledge ond even on phllosophle
issues. Whilo 1t is opposed radleally to mechanical determinism,
its pogitlive features do not admit summary descriptlon and, perhaps
our purpose will best he served by discussiﬁg successlvely & seriea
of 1ssues.
First, as Gallleo distinguished between merely
apparent secondary qualities and, on the othier hand, the real and
objective dimensions of matter in motion, so too there are Qgﬁ%ﬁ;,

indsterminlste that offer a somewhat parallel dlsclosure of the

- 180 -
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nature of reallty. The 0ld distinctlon between the real and the

apparent 1a retained, but now the real is mleroscopic and random,
while the morely apparent is the macroscoploe in which classieal
laws seem to be verified., However, ve nention this issue only

to declline an lmnedlate dlscussion, Later in a phllosophic con-
text we shall attempt an explanatory sccount of the almost endless
varlety of views on realliy and objlectlvity. For the present we
shall have to be content with the canon of parsimony. The sclen-
tist q%ﬁ”aﬁf mey affirm what ho ¢an verify and he may not affimm
what he cannot verify.

Secondly, Andeterminists tend to reject the old
imaginable particles and waves and to favor some type of conceptual
gymbolism. Here again the lssue iu\g@rfthe precise‘nature of
reality but now, by aproaling to the conon of parsimony, we can

rench two concluslons. On the one hand, 1t would seem that the

only pogssible verlification of the imnpgined as imagined llee in a

corresponding sensation; accordingly, Af the rartlcles are too small ]i%

and the waves too subtle to be sensed as pnartieles and waves, thsn

[
(3

the particles as Iimaglned and the wavos amm imagined cannot be veri-
fled; and 1f they cannot be verifled, they moy not be affirmed by
the scientist., On the other hand, it 1o possible to wverify con=
geptual formulatlons 1f thoy possnaalsensibla lmplicatlons; for

in the measure that an increasing number and\ﬁé,varlety of such

Implications are found to corresrond to senslble experience, the

verlflcatlion of the conceptusl formulation ie epproached. Thus,

Special Roletivity 1s sald to be probable, not because meny scloen-
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tists foel that they have had o fairly good look at a four-

dimensional space~time manifeld, but beesuse many sclzntlsts
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baged on épecial Relativity to be hirhly successful,

Thirdly, there occcurs an arpgument from the haglness
of data to the ultimete unvoriflabillty of classleal laws, Whille
I do not bollewo 1t to be cogent, 1t is vell worth attentlon, For
it appeals to the critorlon of veriflebllitys it rests on the solld
fact of the lwziness of datmj ond it doos exclude misconceptions
of the nnture of classlcenl laws,

To begin, the haziness of data 18 not to be denled.
Yhat of Ltself lg dsterminnte nover 1o a datum and always is a |
concopt, Of themaolves, date may be sald to be determinate mntefi-
ally or potentlally; at they become determinoto formally only in
the meagure thot thoy are subsumed under concorts) and_tﬁin process
of subsumption can be prolonged lndefinitely. Thus, & pgroanter
formnl detarminato%gnssa of dota is pospible am long se sclontifie
concepts con be revised to ylold more procise objects for measure-
ment and ag long as scientifle technlaues can bo improved to make g :;
measwranents more accurate. 3But as long as a preoantor formal deterw
minetenoss 1o posglible, the dotebminnteneua that actunlly is a@tainad5:
1s conjolned with an unspeclfled remalinder of merely potentlal
deterninnteness. That unapcoified remainder is the hazinems of
data, and 1t will be with us as long as new concepts nnd more
accnrato monsuromonts are posplble. |

However, the haziness of data alone cannot prove
tho wvorifiadllity of classicnl lawe. Logleally, 1t is impossible
%g,for 5 valld concluslon to contaln o term thot does not appoar
in the promlses. More concretely, it could be true that, Qgﬁyyf
whenever dota becams more determinate formmlly, now clsssieal )
lows were dlscovered; and in that case the hnzinoss of data would
prove, not that classical laws were unveriflable, but that existing

.clagalcal laws vere alvaye due to be revised in faver of other

o
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Q%#Ssmbﬂk’clasuical laws,

Ono comos closer to tho lssue when one arpues
that classlonl lawe are concertual formmlatlons, that they pocsess
all the preolslon and formal detorminateness of concepts, that
they ocanmnot bo stripped of that preclslon and determinstoness
without geaslng to be classlosl laws, In contrasht, data are
Irreducibly hazy. DBecause meaaurnmonis never coan be accurate
to n decimol places, where n 1n ae large as one pleapges, classlcal
laws never cen be more than approximetive. Thelr esmsentlal deter-
minacy is in radlcal conflict with the hazlnoes of dnta; ond so
clasnlcal lawe essentlnlly aro unverifiable,

Now thils argumont is valld il classical laws are
Interproted coneretely. For on concrote intorpretetion. classical
lows are oupposed to state relations botween data or between
slonanta in strlet correspondence withg,data. But tlhore cannot
bo coupletely detorminate relallons botween essentlally hazy
terms; and so, 9@9 on ooncre@e gpintarpretation, olagsical laws
must be reparded as no mbre thon approximatlve,

9t11l1, there 1ls mo need to intefpret alagsical
laws coneretely. Thoy can be statemonts of alemontﬁ.in abstract
gyoton where 1) the abstract system is constitubed by inplicitly
definod relatlons and terms, 2} the absiract system is conmnected
with data not diroctly but through the mediastion of a complomentary

pet of deseriptive conocopts, and &) the lawe of tho abstract

aystem are sald to be verifled inasmuch as thoy asslgn limits

on which,,othgr thinpa belng equal, vast verictles of data converge,
On thils chowing, tho completely determinate relations of classical |
laws are between the complotely determlnste terme they implleltly
dofine, Thie cloged structure ls roferred Lo data tiroush a set

of deseriptive and o approxlmatlve concepts., Finally, the closed @;
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- in the sense that they asalgn the limite on whilch date d&o converge,

. reanon for dlsputing the contontion that Schrﬁuginger's time

 were reallzed porfectly; and in that cese Lt would seoem difflcult Lw

to melntailn that the acouracy of baslc obascrvations was not the

structure 18 proved relevant to data, not by exact colncldence,
but by asolgning the limits on whleh data converge.
Fourtiily, the affirmatlon of convergence ls also
an adnloplon of divergence. Ie not that admisslon equivalent
to tho statemont that ultimately clapsical laws are not verifiable?

Agaln, the isswe 1o the preclse naturo of verificatlon _;
It hardly would be claimed thut any single low was not verifled
because it dld not account for the whole of our experlence. Butb
what can hold for single laws, also can hold for the totality of
classlcal lawe, The existence of the dlvergonce proves that
clasaleal laws are not the whole of our oxplanntory imowledge, But
though they are not tho whole, they can Do a part; and the classioal

laws thet In fact are such a part ore the oneg that are verlfled

Fifthly, 1t 18 claimed that Quantum Mechanios 1s
the more gereral theory and that it includes, say, Newtonlan
mechanics as a particﬂlar CES0.

Here I would surgest the relavancé of a dlstinction

between lopical incluesion and concrete application., I see no

squation can plausibly W be simplifiod into Newtcn's second law
of motion., Dut it need not follow that the simplificatlon has
no snalogue In the world of eovents, On the contrary, it would

gesm thal such an anslogue would exist LI schomos of recurrence
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sole limit to the accuracy of predictiong. More reallstieally,
in 80 far as schemes are not renlized porfectly or perfect realija-
tlon cannot be ascertaiﬁéd, ot. Least the reason for objlsctive
dlvagations or subjoctive lrnorance wonld be asslgned,

8ixthly, it may be arrued that deterniniem must be
true or false and that we seem to be dodging the lssue., But if
the dismmouon’ is ndmitted, one finds onesolf forced into philo-
sophic questions. At least In tho present context, our contention

would be that the old determinlem wilth ites phllosorhic lmplications

has to glve way to a new, puroly methodologlcal view that oonslets

in a developling anticiﬁation of o deternlnato ob)ect.

| Buch a.view would remain within tho 1imits of
émplrlcal asclonce. It would distinzulsh betwesn an sntecedent
component of methodologleal nssumptions and a consequent component
6f provably verifiocd lawe and frecencloms, Both components would
be recarded as varlable. The antecedent componsnt develops
Anitially 1t conslots in such vague peneralities as the agsertion
that there is & reason for overythingy subsecuently, as acienbe
advances, it tokes on the inereasing preclslon of ever more
gocuratoly differentiated heurletic structures. Again, the oon-
sanuent component is subject to varlation, for what is regarded as
verified at any time may be called into gquestlon and subjected %0
revision, The concrete conjunction of the two componente in the
minds of scilentliasts constltutes at any time thelr antlelipations
of a determinnte object; and when the compononts are undergoing
profound change, there naturally willl be some uncertalnty in
thelr antlclipations.

On thls view the old detorminism was mistaken

not, only hecause it was involved in philosorhic issues but also

beceuso Lt falled to envipgage the posslblllty of development in
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in heuristic gstructures, It supposed tno unlveraal validity of a g
.type of explanntlon thot 1s possible only vhen schematle situsfiona i
are reallzed perfectly. It overloohed the posslbllity of a typve of ?
explanation in vhich the probabilitios of the non-schematle account

for the emergence of the schematlc.

Indetorminisn is tirue ap a negation of the old deter- l

minism, But it cannot escape the nocessliy of methodologleal g

asgunptions and precepts; it cannot,ys@&&fprevent their conjunction
1n'thought with laws and frecuencles fﬁat are regarded as verifled;
and 8o 1t cannot sucoeed even An delaying the day when, from & ney
viowpolnt, sclentific antloipatlons once more wlll envisage a
detorminate object to Dbo knovm.

However, ot the present time, there ls some dLlffi-
culty in specifying in a univorsally acceptoble fashlon Just what
16 the determirmats object that sclmce 1s to antleipate. A student
of haman knowledge can make sugrostions that regard the antecedent

component, and so I have offered a wnifled vliew that antlelpates

both the systematile and the non-gysteantle without exeluding in
particular coses inslpht into concrote withatlchk non-schematic
situations, Tho possibllity of .eensd concrete ilnsight Into the

non~-pchenatlec altustlons of the subatomle order probably wiil be

I A At

celled Lato question on both practical and thooretloal groundﬁ.

Howover, I do not propose to dimcuass thls aspect of the lessue,

s v oy e er L
S

principally lbecause it rdgardn the consequont component of methodo-

logleal snticlpations, but also beeause I bollcove all dlscuselions

of concrete possibility to suffer from o radical ambleulty, For

i 5&-:5‘-'""'5*_51‘:{-\;."42:=2 R

on any concrete lssue further insipght 1o alvays possible and, when,
1t oceurs, what previously seemed lmposslble, turns oub to be

qulte feaslible after all,
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4 Let us bring thic lon: chapter to en

end., It beran from the problem of appsrent duality that a*vmu.

from ths 2dlsionos of two types of lasicht, two hauristic

structurez, a1 two distinet methods o empiriecal investiga-

tion., There wis no question of eliminating th~ duality, for
the direct and the inwsried types of Insight both occur,
There remained, then, the task of relating diverse pro-
cedures and re.ults intn a single vhole, In a Tirst snction
At vas argued thet clasgsical and statistical investigations
are complementary as cognltional activities, In 2 cecond
soction it was rovealel hov fthalr resulis, wh: tever thelr

reciss content, cen ba coubined into & siigle vorld view,
P )

In a third section this world viev was contrusted with

the Aristotelian, with thet of mechanlst determinism, with
thae Darwinian view, and with contomporary tendencies to

Laffirm an indeterminism, In the courss of the wrpument the

3

prablem of the thing an?, with it, the problem of objec-
tivity b©ouceme incrsasingly apparsnt, But bafore tackling
such large ilcsaes, it will be well to broedan th: basis of
our operetlons aad so we tusn to the notions of space &nd

tima,
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