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Chapter Iv:

The Complementarity of 0lasuical and Statistical Investigatlons,

A review of the main points that have been made

will prove, perhaps, the most exveditious introductlon to the
problem of the present chapter.

Our study of hwnan intellirsence beman from
an account of the paycholorical aspects of insisht, It
turned to geometrical definitions as nroducts of insisht
and thence to the re-definitions that result from hi her
viev~polnts, The ar~ument hkhm then twisted to t e gueer tyne
of insight that cmne@sh&,huﬁwy&#-grasp&ﬂl that the understanding
of given data. or of the answer to a siven nuestlon conails ks
in understanding that t.ere is nothine Lo be understood.
Flnally, from an exqminqtlgn of infi:ities and of limits,
thore was effected rharzmmarakizatiom a ceneralizatlon that
aclmovlod ed in all dala an empirical rezidne Ffrom which
intellirence always abstracta.

The second chanter switehed to insirhts in the
field of ampri emplirical scilence. After a brief contrast
between matlhematical and scientific developmentq of unﬂevscanding,
attention centered on the orinin of the cluss thet form the
first moment of inslsht., It was seen thaty by Inquiring, Intelll:ence
antlcipebes the act of underatanding for which it strives.
The consent of that anticipated act can be desipneted heuristically.
The properties of the antleipated and dezirnated content
constitnte the clues intelli ence employs to diseaverx guide
ltgelf towards dlscovery, Finally, aince there are not only
direct insichts thnt understand what 1s to be understood hub
also tie nueer type of insirchis that undersiand that there
is nuiiving to be understood, keurszkiz heuristle structures
fall into two groups, namely, the classicldl and the statistical.
A classical heuristle astructure 1s intellirent anticipation
of the systematle-and-abstract. A auatistical heuristic struetw e
is intellirent antlcipation of ithe systematice~and-abstract
setting a boundary or norm from which the conerete cannot
aystematically diverpe.

Of themselves, heuristle structures are empty.
They antleipate a form that is to be filled., Now just as the

~Ffoxm can be anliclpatedy in its general properties, so also

can tie process of filling be anticipated in ilis emneral
propertles. Thore exlst, then, canons of empirical ms thod,
If insirght 1s to be into data, "there 1s g canon of selection.
If dnsights into data zxesmiks accumulnte In a circult of
presentations, insinsnts, formulations, experiments, new
presencations, there is a canon of operations. If applied

sclence involves luslishts into materlals, purposes, aments,

and tuols, then pure sciance, as prior to applied, will be
concemned &% solely with the Ilrmanent intel‘ifloility of data
and so will be subject to a canon of relevance, If pure science

oy umkﬁ/ -




cuerf

R

““Gomplementarity

by tihe other,

FonAeorondTha qlithy
goes beyond the data Inasmuchsa as 1t grasps their Immanent
Intelligibllity, still it adds to the data no more than

that inbtelliszible contenty there results a canon of parsimony,
which excludes any affirmation that roses beyvond whet can be
verified in the data, If somo data a.e to be undersltood, then

all are to be understood; Lhe scientific roal is the urderstanding
of' all phenomena., and so sc.entific method 1s subject to a canon
faxem of complebe explanation; it follows that no sxception ls

to bo made for experienced extensions or for expedrienced dursticns;
and this conclusion implies a shift from a Galllean to an Einsteinian
viewpoint, PFinally, chourh all data are Lo be axpisna explalned,
1t remalns that certain aspects of all data are explained In

the queer fashion al_ready noticed. There exist® statistical
residues, for the btobal-ty of .he systematlec 18 abstract, the
abstract 1s applied to the concrete only by the addifion of
further determinations and, from the natu e of tine case, the

further determlnuations cannot he systematleally related to one
another.

Now tihuis bare snumsration of the noints rIxe
that have been made in our first three chapters confrouts ua
with a problem, Both the heuristile structures of science and
the canons of emplrical mothod involve a dualliy. Besides
grasping the incellip:bility lmmanent 1n data in a positilve
fashion, human int.llirence aleo ~rasps a domination of The
concrete by the abstract-and-systematic., Hovever, lhoush the

one admlis th.s dunlity as a fact, one stlill may ask whebther 1t
is ultimnte, whel er classical and statistical inguniries are
isolated or related procedures, wiether they lead to lsolated
or related results, An answer Lo these questions l1s soursht In
the present chapter, and if falls Into bthree parts,

Firgt, it will be advanced that c¢lassical and
statistical mwesikag Investisantions are compleomentary as
types of kowing. In their henristic anticipations, in tiheir
procedures, ln tihelr formulations, in thelr diffarences of
abstractness, in thelr verification, and in t.elr domalins of
data, each will be shown to complement and to be complemented

Secondly, besides the complementarity in knoving,
tioere ls a complementabily in the to-be-known., ihetner one
likes 1t or not, heurustic strnctures and empirical canons
constitute an a priorl. They settle in advance the reneral
determinations, not merely of the activities of Inowing, but
also of the content to be known. dJust as Aristotle's nolisng
on acience and mefhod resulted in his cosmic hicrarehy, just
as the Galllean reduction of secondary to primary qualities
necessitaved a mechanist determinism, so too our simultaneous
affirmation of both cla:isical and statistical Investipations
involves a worldyview, .hat 1s that view?

Thirdly, t:ere 1is a clarif.catlon that results
from contrast. Accord.ngly, after endeavoring to determine
the world vilew, to uhich one commits oneself by acceptlng
the heuristic structures and the canons of empirical method,
There are set forth 1ts differences from the world views of
Aristotle, Gelileo, Darvin, and contemporary indeterminists.
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anc of statlstical procedures are complementary. For the systematle
and the non-sysbematlie are the contradictory slternatives of a
dichotomy. Inquiry of the classicel type 1s an enticipation of
the systematic., Inquiry of the s.atist . cal type 1s an ant: cipation
of the nom-systematle. Now the relations between data must be
olther sysiemetic or non-systematic, It follows tiat In any given
cage either tine clessical or the statistical a-tiecipetivi must be
correct,
' Two corollaries follow.
The first is the openness of empiricel method.
The m.re fact of inqulry 1s itself a presuprosition, for it
Implies that there is something 1o be known by understanding
the dava., Still this presuprosition is inevitable, for 1t mxkas
marks the difference between the scienvifie and the non-scilentiflc
attitndes to ex erisence, Moreover, thils cresupposition is minimal.
For it does not determine g priorl wiwtner any selected range of
data is to be reduced to system In x the classical faghion or,
on the k& othier hand, is to be accounted for by shoving how
the concrete diverres non-systemnotically from systematic expectations,
The gecond coroliary ls the relevance of emu»irical
method, PFor emcirical method 1ls a matter of trial and error,
and the only way to settle wketier a given ar resnte of obscrvations
are or are not reduclble to syctem is to formulate both hypobheses,
work out their Implications, and vest the implications apgeinst
wbserved results.

.gmt&ﬂ, "gl‘f Poadurts .
1.2

Next, classical and statisticsel pxs investigat lons
are complomentary procedures. For they separate systematically
and non-systemetlically reloted data, and the isolation of elther
type 1s a step ¢ovards the de.srmination of the other.

With such separation everyone is familiar when
it 1s effected physically by expsrimentation. Asg has been seen,
the alm of the experimenter is to isolate a definable conjunction
of elements and vo exhiblt the.r operations as they occur when
uninfluenced by extraneouns factors.

Arain, physleal separation 1s not always possible,
and then one attempbs to do by thousht what one cannot achleve
by desd., 1In Lhis fashion, as soon as a sclence has wmade some
prosress, it involwes its lmown laws in secking the determinacion
of the umkmovn. Jhus, onee Boyle's law 1s known, one assumes 1t
in detvermining Gharles! lsw; once hoth are lmown, one assumes
poth in determining Gay-Lussac's law., Similarly, in all depart-
menta, lmoun laws are emplovsd to nuide experiment, to ellminate
the consideration of wiat already has been explained, and to
provide nremizes for the interpretation of observed results,

iioreover, such se-aration, whethsr physical or
mental, 18 not co:fined to classical laws. ALl laws belong to
a single complementary fleld. For this reazson it has been
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povgible to Invoke the laws of probable errors and thereby to
eliminate a non-systematic component in observations and measurew
ments., In like manner, ilendel's statistical laws of macroscopic,
genetic characters led to tlie posculation of microscopic anitibies
nazed senes; to each gonex was assimed, on the class.ical model,
& sianzle, deverminate effect and manifestation; senes with
incompatible effects were classified as dominant and recessive;
and go statlatical combins.ions of classically concelved penes
became the explanaiion of non-systemetic, macroscople phenomens.

The .eader may he surprised that .e lump togetner
the laws of »nrobable errors and the Mendelian la.s of heredity,
But from our viswpo.nt they belons torethwr. In both cases
a component in the daota 1s brousht under law, ' In both cases
the discovery of the law prounds a mental separaiion of the
component, subject to kn.wn law, from othor comionents stilll
to be determined. In both cages this mental separation opens
the way to the determination of fartier laws., In both cases,
finally, it is uvhe discovery of a statisticel law that crounds
vhie mental separation and trat con lead to tiie discovery no less
of classical than of statistical lnws, ,

This complementarity of classical and statistical
procedures has an Iimportant corollary. For the exyerimuental,
physical exclusion of extraneous factors is not al.ays possible.
wnen it lg not, there exists the nlternative of discovering the
law of the exbraneous factor and then allowing for its influence
in interpreting one's result. Now the corollary,to which wue
would draw attentlon, is that statistical laws can be employed
iIn this fash.on to the determination of classical laws. For
knovledse of statustical laws enables one to separave mentally
the non-aystematic component in the data a-d gso 1t leaves one
free to investilgnte the remainung system tic component.

It wlll be asked, tlen, whetler the statistical
Investivatlons of Quanbtum Mechanics mey he exuvected to urepare
the way for a later resurgence of classical thousht in the fileld
of sub-salomic physics.

This suestion is, I think, ambiruous., OUne mey
mean a reburn to tie former type of classlcal fthought with 1lts
imagi-able models, its belief in the universal possibility of
Imaginative synthesis, its affirmation of a mechanist determlnism,
and its concept of explanation as tie reduction of secondary to
primary qualitiea. Yn the other hand, it is possible to speak
of "classical® thought in a transposed and analogous senss. dn
that case, one would srant to imaginatlon a notable heuristic
value, for images supply the materials for m insights; obut, at
the same time, one would deny to unverified and unverjpble Images
any representative value; classical laws wo.ld De concelved as
abstract, mn® the abstractlon would be concelved as enriching,
end so full R Mnowledze of classical laws would not preclude
the existence of statistical residues.

Once this distinctlion is drawn, our answer to the
foregoing cuestion becomes obvious. Waxsmanek In the light of
the canons of complete explanation, of parsimony, and of statis-
tical residues, we cannot expect any return to the older type of
clagsical thousht. Agmain, in the same lirht, we must expect
Quantum Mechanics, if interireved st-tistically, to open the
way to a new developrient of "classical” thourhit in a transposed
and analogous sense. Indeed, Pauli's excluslon principle provides
a premise for the determination of the states of electrons In
atomss and while changes of these states seem to occur atatistlcally,
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still the scrles of states is as rermuler and systematic as the
periodic table of chemical elements {see Lindsay and Margenau, pp.Yif
In like manner, one mirht note classical tendencles in the

discovery of new sub-atomic enbitles over and above the more

famlliar electrons, protons, and nsucrons,

complementary.
8s8lcal laws
St1ll, what
consist?

are the othg
has heen @

, and t:e
orieg [oprm-s non-systeL_
are verifled in events,:

aiversing
fsical ?am

1.3 4 Yhirdly, elassieal and statistical formulations
are complementary. For classical formulations rerard conjugates,

which ore verified only in events. And statistical formulations
regard events, which are defined only by conjurates.

The dependence of class;cal upon statistical formula-
tion comes to lipht, when one probes into the mesning of the
classical proviso, other thines being equal, Jhat are the other
things? In wht does tielr ecual.ty consist? These questions
csnrot be c.ven an ans.er t.at iz hoth detailed and syutematic.

For tie proviso, which limits classical laws, 1s effectively

any relevant nattern of a diverring seriss of conditions. Such
serles vary with circumstances, and .he apgregate of patterns of

such sories is both enormous and non-svstematic., In other vords,
clagsical laws tell wiac would happen im if conditions were fulfilled;
gtatistical laws .ell how often conditions are fulfilled; and so

the phrase, other thincs being equal, amounts to a vasgue reference

to the statistical residues, which are the province of the comple-
mentary statistical lavs,

The invorse dependence of statistical upon c¢lassical
formulations comes to light, when one asks which statistical
investications possess scientifle simnificance. Thus, anyone
would acknowledge a difference in such significance betlween
determining the frequency of red halr in trombone players and,
on the other hand, measuring the intensity of line spectra.

In either case one arrives at a number that may be redarded as
an actual frequency, bub it 1s not apparent that In both cases
one hqs an equ“l chance in contributing o the dvance of science.

ol c abi ; ;

gﬁ&z&nws‘ For tie edvance of science is secured by operating in

«he licht of present lkmowledre and towards the solution of
well-formulated problens. 4s soon as any deparbtment of sclence

nss pasced oeyond its Initial stapes, it beqins to desert the
expressions of ordinary langisse and to invent technical terns
of its own, Such teehmical terms have their origin in the
correlations that have been found sim:ificant; they are or,
in some fashion, they depend upon what we have named pure conjugates,
Accordinrly, 1nasmuch 28 the stavistical investirator ppocesds
in the light of ac  uw.red lmo.ledge and towards tie soluvion of
well formulated problems, he will be led to define events bﬁa
appealing, directly or indi rectly, to the pure conjugates that
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are Implicit In classical laws.

Hovever, the reader mey ask whether this view
can be rerarded as defiritive, It 1s true enough that the
gclentific classifications and definitlions of the present are
dependent on the discovery and formuinstion of classical laws,
But may one not exwect tiat a fuller development of statistieal
Inquiry will result in the imnlicit definition of technical terms
by statlatical ena not clausic 1l laws?

hem, My resson runs .ollows. Statisfa
vents. HZvents stpm® to deflinine conlwties, whethe
periential o . as th w "vos," to a

TeveTTIng BO a P LoY ﬂlIB'S‘b-i-eﬂ——'—"

While trere seem to be those that wo: ld answer

tris question ~ffimmatively, I cannot see my way to arrseirg

with them. iiy reason runs as follows., The answer, "Yos,"

to a question for wveflection obtains a determinnte meoning

only by reverting from the "Yes" to the questilon and to lts
origin in the smeter\ervas descripbive or exnlanantory answer

to a question for » intellirence. ¥ow the event, the hap-ening,
the occurring corresronds to the bare "Yes." To say what haprens,
what occurs, one must raise a guestlon that cannot be ansvered

by & "Yes" or a "No." One must anveal either khm to the
exyeriential conjumrtes of descrintlon or to the ekmbansbotay nure
conjunates of explanntion. On thls showing, fthen, one cannot
exiect events to senerate thelr own definitions any more than

one can exnect "Yes' or "No" to settle what is affirmed or denied,
Finally, if evenbs cannot mensrate tweir own delinitio =z, then
frecuencies of events cannot do =0; for there seems no reason

to exuect that different typcs of events must have different
narerical frequencies or, Indeed, that the numsrical frequencles
could serve to specify the kinds of events to which one wishes

to refer.

Thers 1s, then, a complementarity of classical
and statistical formulations. For if statistleal formulations
are to be significant contributions to the advance of science,
they will appeal to the exiveriential and mure conjugates of
classical edssgdesd classificetlons and definitions., Inversely,
Tthe conjusates of classical formulations are verifiable only
in statiqﬁicaljy occurring events and their immenence in
statistical res:dues is revealed by the proviso, "other things
beins equal,”

It may not be out of nlace to conclude this
sub-gection by c¢lrrifying a slicht nruzzle. Tt 1s truve enouzh
that statistical laws also are immgnent in statiscvical residues,
and so hold undier the sencral proviso, "other things being sgual,.”
If "P follows Q" has the probabliity, p/q, still there are
conditions for vthe occurrence of the occasion, §, and 1it. is only
wher those condltions are fnlfilled thet the probebility, p/q,
ls yverifiable, The frequency of such fulfill Iment might be

indicrted by saying that "Q follows R' has the vrobability, 4/r,
80 that one statistical law would be dependent on anothsr,

. S ey
0 b e

A



LR

amnants v D T e T e e 4 R R B

Complmentarity

Still this intur-dependence of statistical laws, while true
enough, 1s beside our present point, It In no way lnvali-

dates the significant contention that the dependence of classical

upon sfatistical formulabions 1s revesled by the proviso,

"Bther thinrs veing egual,”

Cmf.lﬂ!m fiy Made Qltadn.
1.4 Fourtiilly, there 13 2 complementarity In modes
of abstraction.

Closs.cal heuristie procedure rests on the
assumption that to some extent the relations betwsen data are
systematic, and it devotes its efforts to determine just what
those »a systematic relatloms ave.

Statigblenl heurdstic procecdure rests on an
assumption of metngpsbamvdsds non-svetematic relrtions and it
alms ot determining an ifeal frequency from which actual fre-
quencies may diverre but only non-systematically.

In both crses the result obtained 1s abstract,

For the c¢lassieal law represents the systemotlc and -rescinds
from the non-svstematlc, On the other hand, the statisbical
law represents, not the actual frequency of actual events, but
the ldezl frequency from which actual fre uencies diverce.

o wiille both t;res of law are abstract, still
their modes of absiraction differ, The classical law is concerned
simply with the systematic; it disrers»ds the non-svstematic,

The statistical law, on the conirary, assumes the non-~systemabic

28 a premise. By ltself, of course, such a rremise could yield

no conclusions such as the abstract, ldeal, universal frequencies
named probabllities, What concerns the statistical inquirer is,
then, neither the purely systematie, nor the nurely non-systematic,
but tlhe systematic as setting ideal limits from which the non-
gystematle cannot diverce systematically.

Clearly, taese two modes of abstraction are
complementary. In its first movement, In uiry aims besdetermining
the systematic component in data; in ils. second movement,
inquiry turns to the more concrete task of determindng how
the manner iIn which the systemetic component in data mocderates
the non-gystematic, The complete view results only from the
combination of the two moverents, 2nd so the two are complementary.

Th.re 1s another aspect to this complementarity.
The systematic relations, xhiz with which classical inquiry is
concerned, mainly are the relations of things, not to our senses,
but to one ancther. In so far as the relstions of things to
one another are consldered in the abstract and so as inderendent
of thelr relations to our s.nses, tiwere arises a principle of
equivalente for all senses since all equelly are abstracted from.
On the otner hand, statistiecal laws deal, not simply with occesions
and events, but with observable occasions and observable events.,
They are not, iIn principle, infependent of the relatlons of
Things to our senses, and so they cannot be subjiected to a
full princiyle of evulvalence. {usa@ There follows the already
mentioned formal opposition bebtween Juantum Mechanics, i-terpreted
statistically, and General Relebivity; the two theorles may dezl
with the same things, but they deal with them from radically
different viewpo.nts: they are complemensary in so far as
General Relatlvity is coricerned with tiings as independent of
their relations Lo our senses vhile Quantum Mechanics views kahm
things in a manner that includes those relations. [See Chapter
ITT, §6.44 1.
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Fifthly, classical and statistical laws are comple-
mentary in trelir verification, This may be stated roughly by
saying that classical laws determine what would happen 1f condltlous
were fulfilled, while statls.ical laws determine how often one
may expect conditions to be fulfilled, Howsver, a fuller account
of this complementarity may be siven by showing how the determination
of @4thd sitier classical or statistical laws leaves room for the
determinatlon of the other,

Thus, iIf one were to supnose exact and completse
knovledge of ell classical laws, one wo:ld not preclude the possi-
bility of the veriflcatiion of statistical laws. Lekosusesy
bros no set of classical laws, say P, wo:ld be exact and complete,
if there were no possibility of replacing them by some dlfferent
set, say Q. AThewm, there wonld be no possibility of replacing
P by 2 @, i thore were no systematlic diverrence between the
data and the sc¢t of laws, P; for the sets, P and Q, differ as
laws and so differ systemqtlcally, and 8o the verificatlon of
the set, Q, In place of the se&t, P, supposes a systematlie divergence
between the set, P, and the data. Finnlly, thourh thewe 1s no
systematic divermence between the sut, P, and the data, there
can be a non-systematic divergence that vould provide tie f£ield
for the investisation and verification of statistical laws.

Afain, as has been seen (Chacter III, §6. ),
exact and complete knovledre of classical laws not merely/leaves
room for possible statistical investirabtlon but also must do so.

For such exact and complete knowledre would embrace all the
aystematic relations hetween determi- ate data; none the less,
such knowled-e would be abstrret and so in need of further deter-
minations to be applied to concrete ins.ances; it follows that
the further determinacions cennot he systematically related %o

one acoblier, snd so that there must be a field for statistical
laws,

Finally, statistical invesbirablons In taelr

turn have noAtendency to totalitarlan nspdrations., For besides
gtatl tlcal predictions, there exist the fully accurate predictions
that are exemplified by astronomy and that rest on the existence
of wehnwmsro$ schemes of recurrence. Sushxschexas Noreover,
the dntellirent manner of malking these predictions is to analyse
bize schemes into thwir comporent classical laws. Cor-ernicus
corrected Ptolemy's imarirative scheme Kepler corrected the

c.rcies of Covern.cus; but it was Newbon that worked out the
mderlying laws and Laplace that revealed te rerlicdicity of
thie planetary system. From that discovery of laws the mreat
movenent of thousht, named modern scisnce, received its most
poierful confirmrtion. It Jid so bhecause it ended, at lecst
for two centurxes, the more common human tendency to sreak,
not of nrecise lawg, bu., of the common run of events or the
ordlnary course of Nature, At the -resent moment, the profound
significnnce of statistical laws is coming to light. But if
this new movement 1is not to degenerate into the 0ld talk about
what commonly harvens, It must retain its contact with the
empirically established precision of clasgsical formulations.
For stabistical laws nre of no rreater sclentific sipgnificance
@m&t the definitions of the events @ ose frequencies they
A determine; unless those defin tions are delermined scienbifiecally,
SuaLlSthal thought lopses into pre-scientifile Insignificence,
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Six thly, clasalcal and statistical laws are
complemcntary in thodr comains of data. By thlis is meant,
not that some data are explained by classical laws and other
data by statistical laws, but rather that certain aspects of
all data recelwve the classleal type of explanation while
other aspscts of the same data are exnlained along statla-
tical lines.

As has been sesn (Chapter II, §2.3 ), the classical
heuristic assumntion 1s that simllars are similarly understood.
Consequently, preliminary clessifications are based on aimilarity
to sense. However, Liwe scienitist is interested in the relationa
of things, not to our senses, but to one another. Accordingly,
the preliminary clnasificnilions are sunerseded by the emersgence
and development of technical terms that are derived, not from
sensible similarity, bub from similarities of constant and
regularly varying proportion; nnd In the limit there are reached
what we have named pure conjurates, that is, terms ilmplicitly
defined by the ewmpirically established correlations in which
they cccur.

Still to account for data as similar 1s not to
accownt for date In all their aspects. Nach datum is just this
Instance of the given, It emerses within a continuous manifold.
It is méxx in 2 particular olace and at a particular time. It
oceurs rarely or fre-uently. Now these asrects of all data are
disregarded in explanations of the classical type., The law of
the lever tells us nothing about the freouency of levers, about
tiie places whnere they are to be found, embdmew acbont the times
at whilch they function. Hence, exrlanations of the classical
type have to be complemented by explanatio s of a furticr,
different type.

Hor is 1t difficult to ses, at least in some
general fashiom, that statistical laws can provide the complementary
explanation. For the reneral form of the statistical law 1s
that on p occurrences of the occaslon, P, there tend to he g
oceurrences of the event, Q. Now the occaslon, P, 1s 1tself an
event or a combliation of events, In either case 1t will possess
its probability. In like manner, the occasions on which P ls
probaivle, will have their probability, and so there arises an
Indefinite repgress of probabllities from events of the type, Q.
More menerally, for events of any typs, X, tllere are corresvonding
Indefirite represses of nrobabllities,

Bow, it 15 not immediately apnarent that such
regredses can be combined Inbo a sinnle view, But it suffices
for present purposes to remark that, were such a combination
posgible, one would be on the wya way to attnining a stetistical
explanation of data in their numbers and in their spatio-temporal
dlstribution. To invoke only the simplest considerations, low
probeblilities are offset by large numbers of occasions, so that
what is probeble only once Xnzm on a milllon ocacasions, is to be
ex:6cted a million times on a milllon million occasions, In like
manner, the rarity of occasions is offset by long intervals of
time, so tliat if occasions arise only once in a million years,
8till they arise a thousand times in a thousand million years.

At once there emerges the explanatory simificance of statilstical
laws. uhy ave tiere In the world of our experlence such vast
numbhers and such enormous intervals of time? Because probabllities
are low, numbers have to be large; because occasions are rare,

time Intervals have to be long.
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By 1itself, this is a very modest conclusion.
St111, though the achievement is quite neglisible, the poventialitie
are extremely slsnificant. Statisbical laws possess a capacity
to generate explanation, Thelr heuristie assumption 1s sinply
vthat the non-systematlc cannot Aivergme systematically from the
systenatic., But thils incapacity for systematic diversence,ix
pxrivakant when combined wikth lerre numbers and lons intervals
of time, 1s equivalent to a positive tendency, to an intellizible
order, to an effactive thrust, thet is no less exvlained than
the rigorous conclusions based on classlcal laws. In obier
words, probability i3 one thing, and chance 1s another. Probability
i1s an Ideal norm that, for all iis 1deality, is concretoely
successful In the long run. Chance is merely the non-systematic
divergence of actual frew encles from the 1deal freijuenciss
named mrobablilities. Chonce explains nothinge. It poertains
lrretrievably to the ¥ morely empirical residue, to the aspects
of data from which intelll-ence always abstracts. But probability
>t oAl > 7 a(E ;
R hbe—retudsebarih Ayt e by Wndeh imes IxinaA el o oA~
is an dntellimibility; it is, a8 it were, rescued from the wmerely
empiricel residue by the round-aho:irt device In which inmuiring
Intellipence sets up the heuristie anticlnetions of the statistical
type of invecti-ation.

l.qék%?mﬁzq i@ have bean corsidering tihc complemencarity of
classlcal and statistical investirations as forms of kmowing,

We have found such complementariby to exist at each of the

stages or components of the process of in-uiry. There 1s the
classical hhristic antlicivation of the systematics there is the
complementary statistical heuristle antilcination of the non-
systematic., Wext, to determine either a classical or a statistical
lav is to prepare the way for the debermination of further laws

of eltner type; for both classical and statlstical laws pertain

to a single complementary field, and to lmow either 1s to effect

a mental separation bet.een tyres of data thnt have been accounted
for and types that still remain to be explained, Thirdly, there
18 a comploementarity of formulatioms: the expsriential and pure
conjucates of classical laws can be ®a verilled only in events;
tie events occur only if other tiings are equal} and the equaliby
of other things amounis to an unconscirus aclno. ledgement of the
non-systematic aggrezate of patbterns of divereing series of
conditions. Inversely, as conjusotes are verlfied only in events,
80 events are defined only by conjuretes, and statistical lews

of events can possess scisntific sipnificence only in the measure
that they employ definitions musrabted by clessical procedures,
Fourt:ily, there is a compllemenbtarity in modes of abstraction:
clagsical laws regard the aystematic iIn abstraction from the
non-systomatic, the relations of tihines to one another in abstraction
from their relntions to our s-nsesy bubt statisticel laws ccnsicer
vhe systematic as setting bounds to the non-systematic and they
are confined to the observable events that include a relation to
oud senises., Fifthly, the two trpes of law are complemendary in
their verification: exact and complete Imovledss of classical laws
cannot succesafully Invade the field of statistical laws; and
statistical investizations are confronited with resular recurrences
that admit explanations of the classical type. Finally, there

ls conplementarity in the aspects of data explained by the
different types of laws; dabta as similar are expiained on classiecal
lines; but thelr numhers and their distributions become intelli-
sible only by sowe synthesis of statistical considerations,
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240 Just ng the first psrt of this chapter was devoted
to exiibiting the complementarity of elrusienl and of statistleal
Investizetions from the viewnoint of !mowing, so now the second
part 1z to be directed to the devcrminationz of the corresponding
complemenbarity from the viewpolnt of what is to be known.

For kmowing and known, if they are not an identity, at least
stand in some correspondence and, a8 tne known 1s resched only
throueh knowing, structural features of the one are bound to be
reflected in the other. Aristotle's world-view stemned from

his distinctlon between the necessary laws of the heavenly bodiles
and the continpent laws of thinrms on this earth, Mechanist
determinism had its sclentific basis in the Galllean concepnt

of sz explanstion as the reduction of secondary 1o primary
qualities., In similar fashion some parallel impl:catlion cannot
be avoided by any fully conscious zethodology and so, 1f we are
not to play the ostrich, we must face the question, what world-
view 1s Involved by cur affirmation of both ¢lassical and statls-
tical laws.

Simered Chnitits, (1 Vi
[ A4
2e1 “Ug?ffgﬁ_agzéral characteristics of our vosition

may be Indicnted imnedlately. _

In the [irst place, it will be concerned with the
intellisibility dmmanent In the universe of our exnerlence,

For it will be a conclusion from t'e structure of empirical
method and, by the canon of relevance, emnirical method is
confined to determining such immanent Intelli~ibility. Hence,

we shell have woutting to say in this shanter about the end or
purpose of this universe, abont £ o macerinls from which it

was fashioned, abont tihe princiral or instrumental arents respon-
8ible for it. Our efforts will be limited to determining the
immanent deszlgn or order characteristic of a universe in which
both ¢lasslicel and statistical laws obtain.

In the second place, onr account of this desisn
or order will he renorle, A suecific account vould nave to draw
upon the conbtent of the empirical sclences. It would have to
appeal, not to classical and statisticnl laws In nmeneral, but
to the ireclse laws that can be empirically established. Our
accownt, on the obther hand, will vest not on the results of
gsclentific investlootlons but simnly and solely upon the dynamic
sbructure of Inguiring intellirence, Accordingly, il in the
course of the expositlion any parbticular scientific conclusions
are Involed, their function will be not determinative but merely
1llustrative. Just ag mechanist determinism has been a world-view
that 1s indevendent of vlwe precise content of classaical laws,
so too our objectlve is a similarly rsenerie structure that 1is
compatible not only with present classical and statistleal laws
but also with their Tuture revisions,

In the tird placs, our account of the deslign or
order of this universe will be relatively invariant, The
convent of the natural sciences is a variable. There has been
tle sc.ence of the Renaissance, There has been the science of
the Enlishtenment., There 1s the sclience of today., There will
be the successive stares of scientiflc development 1In the future.
But knitting torebher these dilverse manifestations of sclientiflc
thought, zenerating each in turn only to bring forth the revision
and transformation of esach, there is the underlying irnvariant
that loosely may be named scientific method snd wmore precilsely,
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I think, would be designated as the dynamle structure of
inquiring intellirence. For, as has heen ssen, it 1s the
desire to understand that results both in the heuristlc
structure of classical procedure and in ths complementary
structure of statistical lInvestication; and it is the nature
of Insight that accounts for the six canons of selection,
orerations, relevance, parsimony, complete explanation, a2nd
gtatistical residues, In accond with which the heurzistic
gtructures menerante the series of sclentifiec teories and
gystems. Now our premsk rremise is to be, not tihe variable
contents of the scilences, but the Invarisnt forms ~overning
selentific investiratlon. It follows tnt the desirn of the
univerge, to which we snall conclude, will enjoy the lnvariance
of the premise,ks® which we shall invoke.

Still, I have sald that our account will be only
relatively invarlant, and the reason for this restrictlon 1ls
plain enonghs, For our appeal will be, not to the structure of
the human mind itself, but only to onr asccomt of thet structure,
Just as the notural scliences are subject to revision, so too
one may exnpect our account of inguirines iIn.ellirence to be
sub jected to rsarransemsnts, modifieetions, and Improvements.
In the msasure thiat suech chanres will affect the premises of
the present arpuwrent, in the same measure thef will also affect
the conclusions. Accordingly, the world-vwiew to be presented
will be Invariont, inansmuch ag it will be inderendent of changes
in the contaent of the natural sciences; bub 1t will be only
rolatively invariant, for it cannot be indevendent of »ax
revisions of our analysis of empirical method,

In the fourth place, our account of a world-view
within the limits of empirical science will not be comrlete
In this chapter, In trectins the canon of rarsimony, vwe postponed
the duestlon of the valldity of the notlon of the thing., In
g later chanter, that suestlon will have to be met, and then a
fupther comnlement to the rresent account will be added.

In the fifth place, our account will not c¢laim
to be deductive. Perhavs one mirht armue in strictly deductive
fasnlon from the complamentary structnre of the lmowing to the
corresponding compleomentarity of the known., But, if that
orocedurs is possible, it also rvetuires an slaboration that
for sresent purposes would be excessive, Accordinasly, our
apveal will be To insight., ‘e shall berin from the problem
of showing how both classical and statistbical laws can coalesce
into a single, unified intelli~ibility commensurate with the
universe of our experience. Apainst t'.is problem we shall
set our clue, nanrely, the scheme of recurrence. On the one
haend, the world of B our experience is full of continuitiss,
osclllatlions, rhythms, routines, alternntions, cireulatlons,
resularities. On the other hand, the schame of recurrence
not only sgu-~reg with this broad fact but also is related
intimately both fto classlcal and to statistical laws. For
the notion of the scheme emerees in tie very formulation of
the canons of emplrical method, Abstractly, the scheme itself
1s o combination of classical laws. Concretely, schemes Exmargs
beglin, continue, and cease to function in accord with statls
tical probabilities, Such is our clue, our incipient iInsight,
To develop it we shall consider 1) the notion of a conditioned
series of achemes of recurrence, 2) the probability of a single
scheme, 3) tho emerment nrobebility of a series of schemes,
and 4) tie consecuvent characteristies of a world order.
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22 v The notlon of the acheme of recurrence ,wietarw
when it was noted that the diversing series of Dositivﬂ condiblons
for an event micht coll around in = cirele, In that case,
a serles of everts, A, B, C,.,, woulé Me 80 related that the
fulfilment of the conditions for each would e the occurrsnce of
the otihers, Schemntically, then, the scheme mizht be rerresented
by the series of conditionals, 1f A occurs, B will occur; if B
occurs, Cix will oceur; 1f C occurs,e.s .+ 4 wlll recur,
Such a ¢circular arrancenent mey involve any nunber of terms,
the posaibility of alternative rontes, and In general any desree
of complexity. MNoranuer

Two instances of ~resber complexity may be noted.
On the one hand, a scheme misht consist of a set of almost complsis
circular arrgnpgements, ofmhigk wnich none conld function alone
yet all would function if conjoined in an inter-devendent combination,
On the other hand, schermes might be complemented by defensive
cireles, so that if some event, P, tenced Lo upset a schemo,

then G occurs; if G occurs, then H occurs; if H occurs, then
F ig eliminated,
In illustration of schemes of recurrence the

ader may think of the planetary sryatem, of the circulation
of water over the surface of the sarth, of the n3tro-en cycle
familiny to blolocists, of the routines of animal life, of
the repetitive,rhythms of productlon and exchanre. In illustratlon
of schemes wifh defensive c: rcles, one may advert to meneralilzed
equilibria, Just as a chaln reaction is n cumulative series of
changes terminating 1n an exnlosive difference, S0 2 renoralized

equilibrium is such a combination of defensive circles that
any change, ithin a limited ranpge, 18 oifset by orvosite chanmes
that tend to restore the Initial situation. Thus, health In
a plant or animal 1s a peneralized enuilibrlum; agaln, the balance
of varions forms of vlant and enimal life within an environnent
is a goneralized equilibrium; arain, economic process was conceived
by the older economists as a gencralizad eolll;brlum.

Bowever, we are concemned, not with single schemes,
out with a conditioned sovies of schemes, ILet ua say that the
3chemes, P, Q, R,s+es form a conditionsed series, if all w»rior
maeabers of the seories must bhe funetloninp actually for any
later momber to become a concrete possibility. Then, the scheme,
P, can ﬂupc ion t“onmh ne¢i1rr Q nor R exlqt' the scheme, .,
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can funcuLJn, [101”H R does not yet exist; but N cannct function
unless P is olready functioningy and R cﬁnnot function wnlass Q

I1s alresdy functioning.

Thus, by way of 2 simple i1lliustration, one may
advert to the diebtary schemes of snimala, 411 carnivorous animals
cannot live off other carnivorous snimals. Hence, a carnivorous,
dletary scheme supnroses another herbivorous, diletary scheme out,
inversely, there could be heriybivorous snimals without any
carnlvorous animals, Agaln, plents camnot 1n xanxuk gencral
live off animals; the scheme of their nourishment involves
cnemical pProcesses: and that scheme can function apart from the

stence of any anlwmals, Pinally, chemicel cycles are not

io
rw'l 2)




e SR ORI

e F e ety A Y T

Compléﬁén%arigj

independent of physical laws yet, inversely, the laws of physics
can be combined Into schemes of recurrence that are independent
of chemical »rocesses.

Such in briefest ontline 1s the notion of the
conditioned series of schemes of recurrence, Iebt us seek a
slight ineresse in rreciaion by drawing a t-reefold distinection
between 1} the possible seristion, 2) the probable seriation, and
3) the actual seriatilon.

The actual sorietion is unigue. It consists of
the schemes that actually were, are, or will be functloning in
our universe along with prec.se snecificatlons of thelr places,
viielr durations, and their relations to one another.

The prohable sitmakism seristion differs from
the actual. For the actunl diverces non-systemntically from
probabllity expectetions. The actual is the factual, but the
probable ls ideal, Hence, vwhile the actual seriation has the
uniquenedss ofkk the aatter of fset, the prohable gseriation
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hag to exhibit the cumulsbive ramificatisons of rnrobable
alternatives. Accordingly the prohable seriatlon 1s no® a
ginmle saries but s manlfold »f sevies. At sach stace of

world process G.ere are g set of nrobehle next stapes, of
which some are more ~robable than ot ers. The actual seristion
includes only the sftames that oceur, The probable seriation
includes all thnt wonld oceur withont systewatic divevgence
from the probabilities.

The po.sible seristionn is still more remote
from actuality. It Includes all the scheres of recurrence
that could he devised from the clessicol laws of our un’verse.
It orders them in a condibtioned serles that remifies not only
along the lines of prohable alternatives boubt also 2long lines
of mere possibility or nerlizible nrobabliity. It is egually
relevant to our universe and to any ott® universe sub’ect to
Lhe same clasgical laws, no matter what its initlal numbers,
diversitles, and distribution of elements.

Of the three serdatlsms, then, the possible
exhibits the greatest complexity and varlieby. It de ends
solely on a consideration of classical laws, It suffers from
the indgExmi Indeterminacy of the abstract, and so exnibits
the process of any universe with giviimr laws simllar to ours,

“Tne probable serlation derends on statistical as well a8 classical
‘laws and, indeed, on the statistical laws t'nt arise from the
initial or basic sitwnatlion of ouvr world, Still, if it is not

2s abatract as the poasible asrlirtion, none the less 1t Is

lderl., For snch moment of world history, it assims a most
probabls future course. But 1t alwo essirns a series of less
probable courses, and it hes to sclnowledge that any of these

may orove to he the fact. PFinallv, the actusl x¥i seriation

is unlque, but 1t purchases ites unicueness by r~oing heyond

the field of all laws, classical nnd sbatistical, and entering

vhe field of observation, in whleh alone non-systematic divergences
from probability 2re determinate, '
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2:3 Our outline of the notion of & conditloned series
of sclismes of recurrence suproses thst one can attribute a
probability to the emercence and to ithe survival of a scheme of
recurrence. However, our accotnt of probability has been in
torms of the freguency,sf:@wenks not of schemss, bub of events.
Have schemes ony probahility? If they have, is tlere a distinet
probability for their emerzence and another for their sirvival?
Such uestions must be nmet,

Consider a s.t of events of the types, A, B, C,ee
and a world situation in which they possess respectlvely tie
probabilities, p, g, X,r+» Then by a goneral rule of probabllity
theory, the probability of the oeccurrence of all the xants
events in the set wlll be the nroduct, prr..., of their respective
probabilities,

Now let us add a further assumvtion., Let us suprpose
that the set of events, A, B, C,.., satisfy o cordivioned schene
of recurrence, say K, in a world situstion In which the scheme, X,
is not functionlng but, In virtue of the fulfilment of r~rior
conditiors, could herin to function, Then, if A were Tto occur,

B would occur, If B were to occur, ¢ would occur. If G wore to
0CCUT,ses +sa A would cccur, In brief, if eny of the svents In
the set were to occur then, otiwr thinrs being esual, the rest
of the events in the set would followe.

In this case ¢ may surrose thet the probabilities
of the single events are res. ectively the same as before, vut
we cannot suppose that the probebility of the combination of all
events in the set is {le same as before. As is easslly to be
seen, tlie concrete possibility of & scheme be-inning to functlon
shifts the rrobabllity of the combineotion from the rroduct, pdr...,
to the sum, D + g+ % +ese For, in virtue of Lhe scheme,
i1t now is true that A and B and C snd... will oceur, if elther A
or B or G or... ococur; and by a renural rule of probhability
theory, the probability of o set of alternntives 1s eaual %o the
sum of the probabilities of the altermstives,

nreoperd Now a sum of a set of/fractions, p, q, r,e.r 1s
alvays greater than the product of the ssme fractlons. But
a probabllity is o pro -er fraction., It follows that, when the
prior condibtlons for the functicnineg of a scheme of recurrence
are satisfied, then che probsbility of the combinatlion of events,
constitutive of the scheme, leap from e product of fractions to
gemeRRingIZz38 a sum of fractlons,

Thare exists, then, a -robability of emergerce for
a scheme of recurrence. “Phrt probability consists in the sum
of the res.ective probabilities of 211 the evenis ineluded in
tiwe scheme, and 1t arises as soon =3 the prior conditions for
thwe functlonlng of the scheme are setinfied,
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There also exists a n»nrotabllity for the survival
of schemes That have besun to funetion. For, of 1tsslf, a scheme
tends to assure its own pervetnity, The positive conditlons for
the ocourrence of 1ts comnoncnt events reside In the occurrence
of those events., Even negative conditlons, within limlted ranges,
can be -rovided forkh by tiha development of defensive circles.
None the less, Lue rerpetuity of a screwe is not necessary,

Just as c¢lassical laws are sub’ect to the proviso, ot er things
being egual, =0 also are thwe schiemes eorstitubed by combinations
of tlassical laws; snd whetiwer or not otier things will continue
to be squal, is a cuesitlon that rdmits an snawer only in terms

of statlistical laws. Accordingly, the probablility of the survival®
of a scheme of recurrence is the probability of the non-occurrence
of any of the events that would disrupt the scheme,

é%naﬁqeu4"6a¢4aﬁuﬂ§'

There rave been formulated the notion of a
cond¢tloned series of schemes of recurrence and, as well, the
general sense in which one can spesk of the probability of the
emergence and the survival of zehamasx sincle schemes., From
tirese cousiderations tlere now comes to lirht the notion of an
emergent vrobability, For the actnal functioning of earlier
schemes in the series fulfils the conditions for the posaibility
of the functionins of laber schawes. As such condliticns are
fulfilled, tie probability of tie combination of tihe component
events in a scheme jumps from a smm vroduct of a sct of proper
fractions to the sum of those proper fractions. But, what 1s
probable, gsooner or later occurs, ‘Jhen 1t occurs, a probabllity
of emergence is renlaced by a probability of svrvival; snd as
long as the scheme sarvives, it is In its turn fulfilling

concdltlions for the possibility of still later schemes in the
series.

Such 1s the mengral notion of emersent probabiliﬁy.
It results from the combination of the conditioned series of
schemes with tielr respective prohabilities of emersence and
survival, while by itself it is extremely jejune, it possesses
rather remarkable poventialities of exvlanation., These must now
be indiceted in outline, and so we attemvt brief considerations
of the significance for emersent probahility of spatial distribution,
absolute numbeors, lonz intervals of time, selection, stability,

and davelonment.

The notlon of a conditloned series of schemes
involves spatial concentrationse For each later set of schemes
becomes possible In the nlaces where entlier schemes are already
functioning. Accordinsly, the rmost elementsry schemes, wiich
are earliest in the serles, cen oceny anywhere in the initial
distribution of materlals, Bul the second batch can occur only
wirere the flirst have in fact occurred, the third can occur only
where the second have in fact oceurred, and so on. Moreover,
since the realization of The sclremes 1s in accord with the
probahilities, which may be low, one cannot cxvect all possibilities
to he actuated. Ience, elemeniary schemes will not be as frequent
as they could he, to narrow tiw possible basis for schemes at
the second remove, These will rnob be as frequent as they counld
be, to narrow again the possible basls for schemes at the third
remove, and so forth., It follows that, hovever widespread the
realization of elementary scheres, t’ are Will be o encessetts
succession ol conatrictions of the volumes of space in whlch
later schemes can be found., Similarly, it follows that the
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points, so to speak, of rreatest and least constriction ocecur
where the probabilities of emersence of the next set of schemes
are rospectbively tie lowest and the hi~est, Finally, 1E follows
that, since the latest schemes in the series have the preatest
number of conditions to bte fulfilled, thelr occurrence will be
limited to a2 relatively smnll number of nloces.

8000p41y, trere 15 the simificance of absolnte
nunmbers, For larce numbers offset lov probabilitles, ./hat occurs
once on a million occnraiong, 1s to be axrected a million times
on a milllon milliion oceasiona, Now the minimum probability
perfaina to the latest scheres in the seriles, for their emergence
supposos tiie emer~ence of all eprlier schemes. It follows that
Thie lower the rrobability of the last achemes of the conditioned
series, the rfreater must be tie Inltinl absoluite numbers in which
elenmentary schemes can be realized, In brief, the size of a
universs 1ls propexbismakextoxiua inversely nroportionate to the
probabllity of its nltilmete schames of recurrence.

Thirdly, thare is the sirnificance of long intervals
of tims. Wo metter how rreat the universe and how widespread the
functioning of elementary schemes, t 2ve is an Increasing concentra-
tion of the spatial volumes in which later schemes can be realized.
Sooner or later, the initial benefit of larre numbera ls lost
by tiwe successlve narrowing of Uhe basis for further developments,
But at this point lonr Intervals of time hecome significant.

Just as a million million simultaneous possibilities vield a
milllon probable remllzations, whose probahlliity is one in a
million, so also a million m111*on snccossive nossibilities yield
a million probable resllzations under the same ex-ectation.

Fourthly, there 1s a selective si-nificance
gttached to the distinction between vprohabilitiss of emergence
and propabilltles of survival, If both are low, the occurrence
of the schems will be both rare and fleeting., If both are hirch,
the occurrence will be both common and enduring., If the probability
of emergence is low and t-at of survival 1s hish, the scheme 1is
to be exected to he rarse but enduring., Finally, in the opposite
cage, the exrectatlon is that the scheme will be common but fleeting.,

Pifthly, this selectivity has its si-nificance
for stabllity. The functionineg of later schemes depends upon
the functioning of aearlisr schemes, so that if the earller collapss,
then the later will codblapse as well., It follows that the line
of wmaxlmum stability would be of common and enduring schomes
witile the 1lne of minimwn stabllity would be of raré and fleeting
schemes.
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Sixthly, no less fthan stability, the possibility
of develorment must be consi<ered. Unfortuna.ely, these two
can confliet, Schemes with hirh provabilities of survival
tend to im rison materlals in thelr own routines. They provide
a highly stable basls for leter schemes, but vhey also tend to
vrevent later schemes from emerming., A solution to thds problem

earlier,/ would be for uhe/cunuwtinnlne schame s

sBetmoa bt Eieaslngveeheonty to have a h.rh Urobqoility of
emergence but a low probability of s rvival., They would form
a floating vopulation, on which later schemes could successlvely
deiend., Becanse tieir probablility of suvrvival was low, tlwoy
would readily surrender materlials to rive later schemes the
eMvesmis oprortunity to emerse. Because thelr probability of
emerpgence was hich, they would rerdily be availabale to fulfll
the conditions for the functloning of later aschemes,

Needless to say, the foreroing considerations
are extremely rudimentary. fThey are limited to the emergent
probabllity of any conditioried series of schemes of recurrence.
They make no effort towards developing tiat notion in the direction
of 1ta apnlication to the conditions of the emercence and survival
of modes of living. However, whi'e absolutely such a fuller
exposition would be desirable, satill 1t has no place In a merely
generic account of world orcder. TFor the vremise of a cenerie
aceount 18, not the content of the natural sclences, bul the
possibllity and Vq1¢u¢ty of thelr Q°SUﬂhtlﬁn§ and rntnod.
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Tho p01nt wWe are endeavorins to melte, within the
limits of our narrvow premise, ls that the noticn of emergent
probability is explanatory, Intellirent Iincuiry alms ab
ineight, Bub classical laws alone offer no insirht into
numbers, distributlons, concentrstions, time irtervals,
selectivity, uncertain stability, or develonment. On the
contrary, they abotract from the instance, the place, the tilme,
and the condrete conditions of actual functioning., Again,

a/ statilstical laws, as/mere agereante, affirm in various cases
tite ideal frequency of the occurrence of events, They make
10 pretence to explaining why t ere are so many kinds of events
or why each kind has the fraquency attributed to it. To
reach explanation on this level it is necessary to effect the
concrete synthesis of classical laws Into a conditloned series
of schemes of recurrence, 5o establish that such schemes, as
combinations of events, acouire first a probabllity of emergence
and then a probabllity of survival throosh the realization of
the condiviuvned series, and finally to mrasp that, if such a
series of schemes ls belnﬂ reallred In accord with probabilities,
then there is available a gensral principle that promises
agnawars to questlons about the resson for numbers and distributions,
concontrations and time intervals, selectivity and uncertain
stability, development and bresk-dowms. 40 work out the answers
pertains to the natural sclences. To grasp taat emargent
probability is an explanatory idea, is to know what was meant
when wn@ ®xigd our objective was characberized as a generde,
relatively Invariant, and Incomplete account of the immanent
Intelligibility, the order, the design of the universe of our
eXperience.
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.5 YV !  There remins the task of working out the generic

propert les of a world process in vhich the order or des.gn 1is
constituted by emerrent probability. This we shall attempti in
‘two maln steps. First, we shall sumuarize the essentials of the
notion of emergent probability. Secondly, we shall enumerate
the conseyguences of that notion to he verified in world process.
fhe essentials of tie notion of emewrsent probability

may be indicoted in the followine series of assertions,

1. An event s whnt 1s to be known by answering "Yes"

to such questions as, Did 1t hap-en? Is it occeurring? Will 1t
oceur?-

2. Vorld process ia a spatlo-temporal menifold of
events. In other words, there are many events and each has its
place and time.

3« Bvents are of kinds, Mot every svent 1s a new
species, else there could be neither classical n.r statlatical laws.

4, Events are recurrent, There are many events of
each kind, and all are not ot the same time, :

5, There are regularly recurrent evemts, This regularity g
ls understood, Inasmuch as combinatlons of c¢lassical laws yield
schemes of recurrence. Schemes are circular relationships betwesn
oveuts of kinds, such that if the evants occur once in virtue of
the eircular relqt¢unsh;na then, other Lthinvs being equal, they
keep on recurring indefinitely,

6, Schemes can be arranred in a conditioned series,
such that the eaklier can function without the emerrence of the
later, but the later cannot emer~e or function unless the carlier
already are functloning,

7. Comhinatlons of events possess a oprobabllity, and
that crobabiliby jumps, first when a scheme becomes concretely
poss8ible in virtue of the fulfllment of 1lts prior condltions,
and secondly when the scheme herins actuslly to functlon,

8. Iy actual fregrencles of events af each kind in
each place and at each time do®x not diver~e systematically
from thwelr prohsbilities., Hovever, actual fresuencies may diverge
non-systematically from probabvilities, and that non-systematic
divergence ls chance., Accordingly, probabill ty and chance are
drstinet and are not to be confused,

9. BEmevgent probability ls the successive realization
in accord with prskabixiky successive schedules of probability
of a conditioned series of schemes of recurrence,
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The @onsequent properties of a world proceass, in
which the desisn 1s emergent probablility, run as follows,

1, There 13 a succession of world situations, ZEach
is characterlzed 1) by the scnenas of recurrence actually functioning,
2) by the further schemes that now have become concretely possible,
and 3) by the current schedulse of nrobnbll¢ties of survival for
existing schemes and of probabilities of enermence for concretely
podsible schemes,

2. iorld process 1s onen, It 1ls a succession of
probabla realizations of possibilitles, Hence, ety 1t does notb
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run along the iron rails laid down by determinists nor, on the
other hand, is it a non-intellisible morass of merely chence events.

S iorld process is Increnaingly svstemxtic. For it
is the successive realization of a condivined series of schemes
of recurrence, and the further the serlos of schemes is roallzed,
the zreater the systemstization to which events are subjected.

4, The incrensinrly systematle character of world
process ls assured. No motter how slirhit the probabilliy of the
realization of the most developed and most conditloned schemes,
the emersence of tiose schemes c¢an be assired by sufficiently
inereasing absoluue numbers and sufficiently prolonging i.tervals
of time, For aclbunl Ir-quencies do nwbt ~iverme systematically
from probabilities; bub the sveater the numbers and the longer
the time intervals, the clearer the need for a systematlc Inter-
vention to prevent the nrohable from occcurring,

5, The si=wniflcance of the initlal or hasiec world
situntion is 1imited to the possibilitkes 1t contains kha and to
the probabil.tles it assirns its possibilities, By the in:tlal
world situation is mrant the situation that ls first in time;
by the basle world situation 1s meant the partial prolongation
through time of initial conditions, such as arises, for instunce,
in certain contemporary hypotheses of continuous creatlon.

In either case, wiwnt is simificant resides in
possibilities and their Drobqbll ities, for in =1l ifs stnzes
world process is the probable realization of Welmisiduiie el
posgibilities. while the doberminist would desire full information,
exact to the nth decimal place, on his initial or basic situation,
the advocate Of emerazent nrobabllltv i1s cuite sdtisfied with any
Initial situatlion in which the most elementery schemes can emerge
and probably will emerme In sufficient numbars to sustaln the
subaequent structure.

6 .0orld process admits enormons differentiastiocn,

It envisages the totality of possibilities defined by cla ssical
lawg., It realizes tiese nossibllities in asccord with 1td successive
schedules of probahilities. And, given sufficient numbers and
sufficient time, even slisht probabilites hecome assured,

Te orld nrocess admliis break-downsg,., For no scheme
has more than a probability of survival, so that therse is for
every scheme some probability of a brﬂak-novn' and since earliert
schemes condition lator &chemes, a break-down of the former en
the Dbreak-down of the latter,

8. world process inclufes blind allef)s., For schemes
with a high pr obabil¢ty of survival hove some probabllity of emergence.
In so far as they emerrse, they tend to bind - ithin their routines
The mpxsidk materials for the possibllity of later schemes and so
to block the way to full development,

e The later a scheme is in the conditioned series,
the narrower iz i3 its distribubion., For actual realization is
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legs frequent than ifs concrebe possibillity; and each later set
of schemes is concretely posalble only where earlier, conditioning
schemes are fonctioning,

10. 'The narrover the brals for the emerrence of each
later set of schenes, the mrenter the need to invoke long intervale
of time, For in this case the albernntive of 1rrse numbers 1s
excluded.

1l. The rmre-fer tis probab. ®:ies of blind alleys and
of break-douns, tie zraiax greater must he ¢ ¢ initial abasolute
numbers, 1f the realiza.ion of the “hole s«ries of schemes 13 to

be assured. [For in t-lg cnse hs nevice of 1on" time lnterVals

T O mi T 1y V] v i e
nicht not he efi.caclous Bllnc Q1levs with their l-ert routines
co -1d last for extremely lons noriods and, when thoy suffered
break-down, they mi~ht result in aacther Dlind alley. Acaln,
a sitvation wizich led to some develonmont only to suffer broak-dowm
ninht merely reueat this nrocess more fre uently In 2 longer
Interval of vime., On tiwe other hand, the effect of large inlvial
numbers is to assure at leabt one situntion In which the whole
gorles of schemes will win throush,
12. The foregoirig pronertles of world process are
gere rle. They assume that ticre are laws of the classlcal Lype=,
but they do not assume the del.rminate content of any particular
classical lav. They assume that classical laws can be combined
into tlwe cirenlar relztionships of schemes, but they do nat
vontuwre to annlyse the struct..re of any scheme whatever, Lhey
asgume thal there ave sbabistieal laws, bul tliere is no assumptlon
of ang the determirate content of any stetistical law,
Mereover, these properties are relatively inveriant,
They rest on the scisntist’s necessary presupmosition that tihwere
are classleal and statisctical laws to he devermined, Bub thoy
In no way pre~judre the defermlnation of those laws nor the
manner in which they are %o be combined to yleld schemes of
recurrence and their successive nrobabilities. 16 follows fhat
tle foregoing propertiles of world process canot be upset by
any amount of scientific work in the detormination of classileal
or statistical laws.
Apaln, t.ese provertles are explenatory of world
process, Thay reveal an ordsr, a degsin, an intelliﬁibility.
For theyx account, in roneric 1ﬂﬂhlon, 1ov nubers and time
intervals, for dist“xbuti(ns and concenurat;om», for blind alleys
and break downs, for 7\ ano rmous
dlff@P@hLL&ulon, for lncru151vh Sﬁscemaulzatlon, for sbabillity
without necesslity, for nssurance withoubt determinism, for development
without chance.
Finally, the intelliribility, offered by the
explanatisn, is immanent in world procezs. It exiiibits the
inner design of world process as an emerrent ppobabllibty, and
from tliat desirn 1t conclucdes to the oubtstanding, seneric features
of the same process. Accordinsly, since empirlcal mebiied aims
at such an immanent intelligiblility, emerrent probability lis
a view of world order within the limits of empirical method,
As we began by invitiar the reader to rrasp tihwe intellinibility
Immanent in the lma~e of a cart-vheel, so now e are inviting
him to eriorm arain the same kind of "act. The only difference
is that, for the Imare of the cart-wheel, he mow must substitube
the main features of the universe of onur exwerience, .

-
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Clniteintion by lorntruaf:
340 Y There 1s a clarification of 1deas through contrast
with their oprosibtea. As we have arpgued that an sccentance of
both elassicnl and statistlcal laws leads to some such world
view as emergent probability, so now we have to see how different
methodological rositions result in different werld vlewa.

341 Aristotle recognized bobh natural laws and
atatistlcal residues, But hils natnral laws lumped Hogether
beth ®nor In primitlve confusion not only classiesel laws and
achemes of recurrence hut also an element or aspect of statls-
tical laws. Hils distinction was between the necessary and

the conbinrent, The necessary was whot always hanrens, as in
the movements of the stars. The contin:ent was what usually
happens; thus, usually, heavy bodles fall to the earth but,
sone times, they are propued up and so do not fall.

Not only did Ar.stotle fall to pragp the
abstract lawsof nnture of the classical type, but expliclitly
he repudintod the possibility of a teory of probabllity.

For him all caxmkk terrestrial e vents wers contlingent, No
doubt, effect follows from cause; hut 1t does so, only 1f
some other cause doeg not Intorvene; and such intervention 1s
a ere colncidenceﬁ@é&%ﬂ T

lk@kéwmﬁ&ﬂm the earlier coineidences one can rarress to still sarlier
coilncidences; hut one can never et out of the catesory of the
merely coincldental, and within that category therse la nothing

to be graswed by any sclence, Hence, hile Arlstotle recognlzed

statiztical resldues and concrete patterns of diverslng serles
of econdlilons, he had no theory of probabllity to brins them
to heel wlithin the fleld of scilentific kno-ledre.

SE111, Ar stotle had no Intentlon of allowing
terrestrinl nrocess to bog down in a mere morass of coincldental
interferences, To exorclze such entrovy, he ar-ued from
seasonal variations to the influence of celestial hodiss upon
torrestrial activitiss, Becaunse Lthe sun and moon, the planeis
and stars, operavsd necedsarily; hecauw e they opurated from
succesgively different positionsy they supvlied him with a
sufficlent rround and canse for the meriodicity and perpebulty
of terregtrial chanre. In .his fash.on thore arcose his nofion
of an e¢tornal heaven, an akwswd cterncl earth, and an e:ernal
cyclic recurrence.,

Emersent probabllity differs from the Aristotelian
world view, because 1t rests on a different notlon of scicnce
and of law, OClozsicsl laws are abstract. The alleped necessary
movoments of the hoavensa are merely schiemes of recurrence that
arose through Lhe wwame unfoldine of probabilities and willl
survive in accord with probabilitles. The rerularities of
terrestrinl process ave esssntinlly similar, though here the
schemes are more complex and the probabllitles lower. Finally,
ghixnaX eternal cyelic recurraunce venishes and in lts place
there comes the ancceasive realigzation, in accord with successive
schedules of probabllities, of sysrxmormmsuplax a conditlioned
gsorlies of ever mors complex schemes of recurrence, fu

can be braced back to earliey coincidencesA

e s marane
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Hete=w=t colestinl necessity that assvres the success of
terrestrial process, bul emercent probabllity that provides

the design of all process; and that design is not an eternal,
sysiexragmrxarea cycllc recurrence, bub the reslizatlon through
probability of a conditioned series of Zchamex ever more
developed schenes,

3¢ . Galileo discovered our law of falling bodies,
but he failed to recormize its abstractness. Correctly, he
grasped that explanatlion lies beyund descrintion, that the
relations of thinss m to onr senses must be transcended, that
the relations of things to one ancther must be pgrasped, and
that a meometrization of nature wmm,the lkey tool in performing
this task., §till Galileo did mwt cast his metirodological
dlscoveries in the forerolng terms, Instead of speakinp of
the relations of things to our senses, he spoke of the merely
apparent, secondary qualities of tulnﬂs. Inatend of speaking
of the rekations of t:ainse to one another, he spoke of thelr
real and objective primary cunlities, and tiese he concelved
a9 the mathomaticadl dimensions of matter in motlon.

Thus Galilean met' odolomy 1s penetrated with

philosophic assumptions about reality and objectivity and,
unfortun Lely, hose 1ﬂqum~tionq sre not too hanwy. ?hoydhﬂr

Their lnLlnence is evwoent in Descartes, Their ambipuitlies

~appeal in Hobhes and Locke, Berlkley and Hume. Their flnal

Inacequacy becomes clesr in Kant, wiere the rcal and oblective
bodles of Galilean thourht kurnxmnx prove 1o conatitute no more
then a phenomenal world,

Hivierto, on the othsr hand, ovur procedure has
bean to prescind severely from philosornic questions about
reality and objiectivity., TIn due course we shzll have to mneebt
them. But our present concern is the fact that Galilesn laws
of nature are not concelved In abstractlion from sensible or,
at Ixaky least, Imarinable elements and, consecuently, that

MAMMWWJWM

the Galilean law stends in ﬁhe fi@ld, not of our abstract
classical laws, bub ratier of our schemes of recurrence in wiilch
abstract laws and Imscinable elemenis can combine,

From this concreteness of the conceptlon of
natural Jaws T .e2re follows o twofold consequence., On the one
hand, there arises the hostility of Incomprehension arcainst
statistlcal laws, On the other hend, tinere results a mechanistic
view of the universe, Ior, In the absbtract, classical laws
possess universality and necessibty. The Galilean aclkmowled:es
this unlveraaelity and necessity but cannot recognize itas
abstractness, For him, it is attached immedliately to Imarinable
particlos or an imanluable ether or both., For him, 1t is already
concrete, and so it iz not in need of further determinations to
reach concreteness. For him, the furtier determinatlions, which
woulé be non-~systematically related fto one another, simply do
not exist., Accordingly, since he haos no doubt of the exisvence
of e¢lassical laws, he cannot but resard statistleal laws as
mere formulations of our ignorance. There is some vast agrregebe
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of discrece or conbinuous but Imeginable elements; they are
subject to unlversal and necessary laws; and the buslness of
the sclentist is the hard task of deiermining those laws and
g0 predicting wihat cannot but occur.

Moreover, within this context, the neratlon of
statistical laws involves mechnnism., A machine is a set of
imaginable parts, each of which standg in determinste systomatic
relations to all the ochers. In 1like manner, the universe,
Implicit in Galilean m.thodolory, 18 an arrrorate of Imaglnable
parts and each 1s related systemitically to all the otiers,

The sole difference is that, apart from the machine, ticre are
other imarinable elements that can l-terfere with its operation,
but apart from the wniverse of imarinable elumunts what imagineble
inferventions can tlere arise? Mechanism accordingly becomes

a determinism.

Until recently, this Galllean view ras been
dominant in sclentific c¢cireles, It enslly survived the rather
veiled implicotions of Darwinism., But 1t seems to have suffered
a cripling wound from the overt clalms of Ouantum Mechenic s
OQur arpument, however, moves on a different terraln, It appeals
to Daprwinism and to Quantum Mechanics only as illustrations of
scientific invelllrence, Its proper nremlses lle in the Byx
dynamie structure of empiricael inculry and in the canons bthat
govern its unfolding. In that field it hrs noticed that
abstractlon is not impoverishine bubt enriching, that in the sense
of enriching abstraction classical laws are abstract, that
a systematic unification of classical lavs does n t Imoly the
posalbllity of imepirative simthesis, thai the concentration of
systematic relationshlps in the abstract field lenves the further
determinations, needed for concrete apnlicaticons, non-systemtically
related to one another, It follows thet classical and statistical
laws, so far from being opposed, are comnlementary. It follows
thal the resnlarities of our universe resnlt, not from clasgsical
laws alone, but from the combine.ion of aich laws with sultable

e constbellations of conecrete circums.ance. Finally, it follows
—_ that these mzhmaz schemes of recurrencogge just as the machines
[] ) that men malkeg=omerre and function, survive and vanish, in accord

viith the probapilitizs successive schedules of nrobabiliitles
Inzmeeord for the realization of o conditioned series of schemes.
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7L Dhrsarrmcian Werld V.

Oed A There are those that date the dawn of human

intellirence from the publication of Darwin's Oririn of Speciesg

in 185%9. 1In fact, thoush the work - oes not contaln any syatematic

staterent of wet .odolorical foundations, it does present the

outstancing Instance of the employment of probawllity as a ﬁ”%ﬁ
p principle of explanation, For, in the first plece, Darwi:u5"£2£hu' o
gé exvnlaint, 1&@%3311’ why species differ, why ther are found

- y in their ohservahle sorilo~iemooral distributions, why {hewe
gy numbers in each sieciles increare, or rewrin corstant, or

dimiiian §#§==g even 0 the point of extinction. In the secound
place, égexnlonntion nresents an intelllribhility immanent in

A the daba, ~rounded in simileri.iss and differences, in numbers
and their rntes of change, in disiribnutlons over the surface of
the earth and tirourh the mankuriasg enochs of ~eclogy. In the
third place, this dlmmanent intellimibility differs roadically
from the immsnent Intelliribility oiffrred, Tor instance, DYy
Newton's m thoory of unilv:irsal sravitotlion or Laoplace!s
affirmotion of o sinrle mathematicnl Rznzkin formula by which
s suitably endowed intellirmence ml-ht deduce any world & ftuatlon
from complete informatlon on a sincle situstlon. For the
follower of Lavlace cannot reach any determinate conclusions,
unless he l1s provided with fully sccurace informntlion on the
basic situation, Bubt the follo. 2r of Darwin is Incdifferent to
the detsils of his basle situation, ond he obtains hig conclusions
} . ins Ty A% ALK AT
by appealing to tie natursl selection of chence variantionsm
thet arise In any of a yz»d lavre vrrlety of tervestrial
processes from any of a larre veriety of initinl situations,

It 1s not difficult to discern in Tarwin's
natural selection of chance variations a narticular case of
g moi¢ reneral formula, For it is not the sin-le, izolated
variation bubt vrother a comblrabion of variations thei is
significant for the evolutionary vrocess., Araln, while such
combilnationg of wariations may be attributsd to chance, in the
ﬁgb gense thet the bhlolorlst is we concenne@fﬁith eff'iclent causality,
but with an Immanent intelliribility, still, what is sipnificant
for evolution is the probability of emersence of such combliratlions
of xaix varintions and not the non-systemaltic éivercence from their
provability, wiich 1s ovr meonin~ of the name, chance.
Finally, nakmratzssiseiion os chance variation is an Instance
of probabllity of -emersence, s¢ natu-al selecticn 13 an Instance
of probability of survival., Artificial selection 1s the work
of the breeder, who mates the plants or animals possesaing the
characteristics he ishes to encourare, WNatural selection is

T
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tho worlm of nabure, whiech c.ves a shorter 1life exrectancy and
30 less frecuent litters to the Tyoples that are less well
. egquipped to fend for themselves. Still, nature effects this
exact/ selection, not . ith tihe/predictability of the chanpging phoses
of the moon, hut only by a =eneral tendency the® admits exceptions
and that increases in effilescy with the incresse of numbers
and the prolongation of tlme intervals, In a word, netural
selection means survival in accord with the prohabilitles.
Moreover, bthese combinations of varlations,
which posszogs probabilities of emevsence and of swrvival,
are relavant to schemes of recurrence, For the concrete living
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of any plant or animal may be regardcd as a seb of seguences of
oparations, Such operations gre of kinds; there are many of
the same kind; and those of the same kind occur at different
times. There are, then, in sach set of sequsnces recurrent
operations, and the regularity of the recurrence reveals the
existence and functioning of schemes,
+ithin such schemes the plant or animal is oniy
a component. The winole schematic circle of events does not
oceur within the livins thing, bub roes beyond it into the
environment, from which gus ‘tenance is won, and into which offsyring
are born. No doubt, the hirner the tyve, the grester the complexity
and the greater uhe projsortion of girnilicant evenis that occur
within cvhe animnl. But this rreatsr complexiiy only mesns that
the larger circle connects o serises of lessed and incomplete
circles. Tha vascular circulation oceurs within fhe animal,
but it depsends upon the direstive system, whleh depvends uncn
he animalls capaclty to deal with lts snvironment and, in turn,
that capacity depends on the ~rowth and ncurishment secursd by
the vascular gystemne
Amain, the plant or animal 1s a comwonent for
a range of schemes, Unllke the planets which stick to thelr
courges in the zolar syatem, =nd like the elsectrons which may
be ima~ined to hop from one orhit to an.ther, the plant or animal
enters into any of a range of sets of slternative schemes.
This range 18 limited by immanent abr-ctire and capacity.
Still, tboufn it is limited, it remeins ovmen to alternatives.
plant or/ For ‘1unout chanme of °tructure or of basic eapacity, the/animal
cortinues to survive wit-in some var.ations of temusrabure
and pressure, of circwiamblent water or air, of sunlirht and
soll, of the floatiling populabion of otirer plants or animals
on which it lives,

T
whic
& r an im1ls
| Hoevepr, 1T iy is brue/that ving tilings a
ilwvolved in ychemes $f recurpence, oye must/not confuse t
Hrobab¥litigs of emgrrence gnd survival of [these sgnemes
C wiith the d_pgtinet ppobabllities of anc garviv:
c-mb hatiogs of wvayiationsl ies
aropd combizations of evgnta. probalpllitigs o
\,} ar ationg resnrd] not eyents, bt votenplalltigs for feve

Ho doubt f the twg are clpuely ated, for pouof tinli
qvents ore sicn icant gnly if the even g sometines
t11l, even the/closesy/ relaticnsNin

antity, sun vsos G365 b-1e
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At this point, however, the differences between
Darwinism and emergent probability bepin to come to licht.
Emerpgent probabllity affirms a conditloned serles of schemes
of recurrence that are reallzed in accord with successlve
achedules of probabilities. Darwinilsm, on the other hand,
effirms a conditloned serles of svecies of things to be
realized In accord with successive schedules of probability.
The two views are parallel in their formal structures. They
are related, inesmuch as srecies of llving things emerre and
functilon within ranges of alternative suus of schemes of
recurrence. None the lesss, there is a profound difference,
For Darwinlan probabilities of eomp rrence snd survival rezard,
not schemes of recurrence, but underlying »otentlal compomnents
for any schemes within a limited ronce, and the Barwinian
series of sveclss 1s a seguence of hirier potentialitles
that exhibit their development by thelr caracity to function
in ever rreater ranres of alternntive sets of achemes,

This difference prompts vus Lo recall that the
present account of emercent probabiiity Aid not zim at cone
pleteness., Ve had not raised the questlon, what a2re things?

We had not determlned vhether there 1s an answer to that dguestlon
that satisfles the scientific canon of parsimony. Accordingly,
we presented eme rrent probability In the present chapber with

the qualification that later, when the notlon of thing had been
Investigated, tlere mi~ht be needed s further development of

tne analysls,

Darwinism wo 1ld indlcate the necessity of such
g further development. Accordirnly, if a satisfactory notlon
of the thing cen be reached, there will arise the following
guestlona, Are things potential gumxpr components for ranges
of schemes of recurrence? Are they variahle in these potentlalibles?
Are such variativns of potentiality copohle of transmlssion?

Is there a serles of combinctions of trensmissible variatlons

of poventiality? Are there the appropriate, successlive schedules
of probabilities for the emercsnce 2nd the survival of the

serics of combinations of transmissible variations of pocentlalily?
Finally, if voese questions can be answered affirmavively, can
tiroge affirmations rest on gzenergl, methodological grounds?
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Ded neteenth century physiclsts were prone to
regard Darwinismias the triumph, In the field of blology, of
thelr own mechanjistic view of world order. So far from sus-
pecting that a n%u type of scientific explanation had been

p- qubAuiQ o

introduced, they |took 1t for granted that Darwin's chance
varianlons were

ut another name for mechanlecal processes
too conplex Lo

statedin In detail.
this fashion the crisis in the world vlew,

immanent in scieEE

nineteenth cont

but to the lnvasi

Quanbum Mechanicsk to force a radiceal revision of scientific

outlook. HKoreove since the Immediate result of a crisis

is that vhe old 39313 nives way, not at once to a hirher

ific methodolory, was postponed from the
to the twentieth. It fell, not to blology,
n of physics itself by Relativity and by

syathesis, but rather to a set of merely contradictory anti-
theses, contemporgry opinion Tends to be content to replace
deverminism by Indeterminism and wmechanistie imapgery by some
symbolicilsm,

3.4 Inagruch as Indeterminism arisss before imagery
as such 1ls attackefl, the tendency 1s to replace one plcture of
the universe by angther, There had been The plcture of a

vast aggregace of very small lmobsg, each centered at a point-
instant and each s&biected to a set of forces; moreover, 1t
was bel.eved that, {in principle, the coordinates of position
and the mapn.tude and direction of the forces were determlnable
to n declmal plﬂcesrﬁlth n as large ag anyons pleased. Thex
has risen an antithetical picture of a vast agsregate of, say,
wavlicles that can bg located only aporoxlmately and that
respond to accretions of enerry, now in one mannsr, an. hov

in another.
The Amnon of parslmony makes short vork of

both pictures. The |screntist can afflrm what he can verify,
Directly in exverience he can verify exverientlal conjurates.
Indirectly, in comblpations of exveriences, he can verify

pure conjugates. But thzre 1is no rhyme or reason to the view
thet either in experiences or In combinacions of ezmeriences
he will ever verify pletubes of what 1s too smell to be seen.
xhxkxisxwarifisdyxisyaiwaysxaxfoxanickien
The only way In which a picbure can be verifled is %o see or
hear, tagte or touch\or smell, precisely what 1is imagdmed,

Such verification is pot pOSSlble in the realm of the sub-a.omilc,.
Therefore, pictures of the sub-abtomie lie outside the realm

of possible empirieal] science and must be left to artists and
journ: lists,

342 Howevaﬁ, one can admit this imcdekar application

of the canon of varsimony and still affirm en indeterminlam,
not Indeed of plctures of the infra-sensible, but of the data
that actually are sensed. Geometrical ima~es endeavorza to
take on the pro;ertie;rof goometrical concepts; the Imaee of

a po.nt has magnitude but the concomitant concent denies 1%
magnitude; the imace of a line has breadth, but the concomitant
concept den.es it breadth. By ding of imagining ever amalier
points and ever thunneyn lines, the geometer generates in himself
the illusion that his imazes possess the accuracy of his
concepts and, moreover,| when he turns his mind to physics,

he fanclies a universe wlith positions and forces accurate to
any number of decimal places. S%till, while the principle of
excluded mlddle would necessitate the conclusion that QE:I“JS
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next declmal place must be ocdupled by a 0, or a 1, or a 2, etec.,
1t remains thet human senses, ho# matior hﬁw dellc te the
Instruments that extend their nenge, must sventually meet
their Waterloo and be forced tolanswer that furtier decimal
places are indeterminate. ih

To take another instance, what to me 1s just
a bug, to an entomolocrist ls an dnimal that falls with neat
precision under a geries of diffeyentiastions, Both of us
look at the x bug, but I see only\a slicht fractlon of what
he accurately observes., He conld point ost to me, one by ons,
the fecatures that I do not notice.| In each case I could be
brought to ses the asuvect or qualigy to whioch he drawg my
attention. 5till, he would nut have sone very far before I
would begin to forwet my earl.cr legsons and fail to distingulsh
between features already notlced and features under present
gcrutiny, In other words, the cbsuryatlicn of data 19 not a
mere matter of looking, To become a\trained observer in any
field, one muai ac u.re a range of cqnecevtual catersories that
both gu&de pnr seeing sysuemauically thronsgh a series of
centers of attention and, as well, ho&ﬁ in synthesls the zak
exact set of sspects that S’CCGSSLVOl fall under observation.
Now, if this is so, there arises an obyious sxbrapolacion,
Future selentific development will brlhs ever fuller and more
acecurate caterories of classification 4nd Aescriptlon, and s0
future ovservations will stand to present observatiom by
trained sclentists, as tieir present obyervations stand to
the looking with.ubt noticing of mere laymen. It follows
that, at every stage of scientif¢c develorment, data have no

111 be dat
10 next s

terminable
, 13 thers




ECEE PP .

"ﬁbmﬁiéﬁéhﬁafifj' e g T .“_.MWUWLMMMHWHMP$L56ﬂL

,”P.sw”’] AY

Dedd However, while I would not object to a claim
that there ex.sts an irredncible hazlness to data, I think
consicerable care must be exercised in draving Inferences from
tinls fact,

B'irat of all, tnis haziress cannot affect the
content of any ascience iat any time. To establish laws, 1t is
senoush to show that thely satisfy actual observations and actual
meagurements., To refuth laws, there 1s no use aprealing to
ohgervations and mensurgirents that never can be mnde, One
has to produce the eviddnce, asnd the evidence always consists
in the deverminate content of actual obgervations and actual
measurenents, - '

Secondly,\this haziness is not surprising to q
anyone that rrasps ahstréction to be not im-overishing but enrliching. i

If one suvrosed that laws)relate sensible contents, one would

be confronted with the dilemma either of cenying the haziness

of dnta £o save the wvreciflon of the laws or else of denying

the precision of Lhe laws lto save tne haziness of the data.,

But, in fact, lauws relate,\not sensible conuants, bubt ababtract
conjumates that Implicitlyiare dafined by the laws themselves.
For laws are reached and are verlfled,imxsam nct in data, but

in combinstiona of combinatfions of combinations of data; and

the meaning of the law ls, hot the concrets combinatory structurs,
but only its ahstract pattein, Thus, every law 18 a reneral
formula; to move from the law to the concrete, itiere must be
added further Infommabtlon assigninr particular numerical values
to areciflc varilables; andxjaxkhaxiaw the haziness of data
implies that this fuorther informtion cannot he completely
accurabte; but tnls defect of)accuracy in the further information

for tihe law//does not necessarlly impusn the velidilty of the lawfYfgf can

conceptual/

be the completely accurate 1imit on which sll actual observatims
and messurements converze.

Thirdly, 1t follows that tlhe shift from the old
daks Thesls of deberminlsm tolthe me:e antithesls of indeterminism
rests on an unconsclons px aggumption that abstraction 1s Impover-
ishing. For, as we have just Been, the haziness of dacve does
not mwoeasity necessitate any denial of the complete accuracy
of clessicoal laws In the abstrdet, where, however, abstraction
Is surposedk Lo he enriching. ut, as we have alsgo seen, :lwn
abssraction 1ls supposed to be impoverishing, then laws relate
denuded replicas of aspects coninined in data, The meaning of
the law 1s not constituted ultimptely by understood relations
Implicitly defining/terms and, inversely, ke¥ms conceptusl terms
fixing Intelligible relations, The meaning of the lesw Includes
a reference to a tobality of lusfiances, where sach instance is
a part or com-onent or asrect in \the sensibly miven. On that
showing, the law I3 corcrete so thnt either laws must he inaccurate
or else data must be as determinntle as concepts,

Fourthly, the notign of enriching abstraction
does, of course, ralgse a problem on the nature of objectivity.

If the meaning of laws is constitutpd by understood reletions
implicitly defining terms, one canndt saey that this meaning is
ovjective in the sense that it 13 sdmetning out there to be looked
at with one's eyes. 8till, within the vresent context, it is

not the notion of enriching abstractldon bBut the development of
sclence itself that crentes this problem of sbisetivmly oblectivity;
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and, agaln within the\limits of empirical sclence, an answer to
the problem 1s supvlief by the canon of parsimony. For the
slmple~-minded notion that the obiective is what 1s out there to
be looked at, constitubtes the vulnerable point both in Galileo's
primary gqualitles and Weton's true motion., Gallleo maintained
colors and sounds and the like to be moiely subjiective; he
affirmed as real and objactlve the reometrical dimensions of
matter in motlon, Again, Newton consldered movements relative
to observable bodles to b§ apparent and movements relatlve to
absoluve srace to be true., Still, operaiins witiiin the field

of emplrical sclence, lilnsteln decided Lo treat :-lven extensions
and durabions In Lhe same ﬂishlon a8 (Galileo tr.ated colors and

reached// sounds; and vhen he did so,\ he//eiested a space and time that,
whatever thelr oblectivity, \are not "obylously out there to be
looked at." Finally, as theye is a canon of complete explanation
to cover the Einsteinian prodedvre, so also there 1s o canon
of parsimony to account for the valldity of abstract laws, As
the sclentist 1s not entitled\to affirm what he cannot verify,
so he 1g entitled to affirm what he can verify; but classical
laws are veriflable, for verifgcabinn gonsuikxzeonsdt consists,
not in your laymen taking a rood look, but in scuertists lnbere
preting the combinatlons of compinations of combinations of
thounsands of vﬂthan » resnlis gfteqfed by treined observers.
~HEre—T0 swa—4uéﬂweﬁb -on—the

. q“e ne re tc \ ¢Pple ap roximn
:Zg hviou 1 w@;e 1 on“eqt v
onmelelossidal 8, s
13 ciume, pressirs, :nu-uemp;
Fifthly, there follows a Judrment on the view
that all classical laws are meve madroscopic senecimsbions
approXinations to microscopic realitles, Just as the formula
relating the volume, pressure, and témperoture of a gons
gas 1s a svatistleal result of random\movements, sq also, some
would claim,the law of inertin draws 2\ merely ldenl line about
which moving bocdles oscillate at randon but Imperce-tibly.
Now, clearly,/@Xmeiy@Xmuziy{/if che oscillationsg areyimpurceptible, they
are unverlflable; and if they are unverifiable, they can be
quite/ affirmed not by scientiscs but only by journallsts and poets.
Apaln, 1f classical lavs are verifiable, \what more can be
needed or .anted for their validity? TneYe 1s no scientifilec
need, hut only an extrs-scientific im itch for an image of
what really 1s going on "out thers,™

a
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4. Let us bring this long chaepter Lo an end. It
began from the nroblem of apparent dualiby that arose from

the existence of two types of Insisht, two heuristle structures,
and two distinet mebthods of empirieanl Investigntlion, There

was no question of eliminating the duality, for the direct and
the inverie@.types of insicht hoth occur. There remained, then,
the task of relating diverse procedures and results 1nto a sinzle
whole. In o first section 1t was arcued thnt classical and
gtatlotical Investimntlons are complementary as cornitional
activities, In a second section it 'as revealed how thelr
results, whatever thelr preclse content, can be combined into

a sinple world view. In & third section thi:s world visw was
contrasted with the Arlstobtelian, with thnat of mechanist determinism,
wilth the Darwinian view, and +with contomcorary tendencles to
afflrm an inde.erminism. In the course of the arsument the
problem of the thing and, with 1t, the nroblem of obhjectivity
bacame Increasingly apnerent, Bub before tackling such large
lssues, it will be well to broaden the basis of our =y operations
and so we Lurn to the notions of space and time,
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