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of readings,
Moreover, deviations between an exact theory and an exact

measurement do not in themselves, invalidate the theory, for

they may always be classed as anomslies, I'he perturbations in

the plenetery motions that were observed during the century after
lewton's death and could not be explsined by the mutual inter-
sction of the planets were rightly set aside at the time as
anomelies, in the hope thet something may eventually Turn up o
account for them without impairing - or essentielly impairing =
Newtonian gravibtation, lndeed, on reflection there will always
be epperent some conceivable scruples which we hasd set aside in
the process of verifying an exsct theory and which we shall con<
tinue to set aside even after hsving thus faced then,

Yet the theories of classical mathematical physics differ
from 211 other chapters of science by the {act that events are
conceiveble which would strictly falsify Ghenm, It is con-
ceiveble for exemple that & sun with a planet cireling arsund
1t are both so far removed from other outside bodies as o
render negligible any perturbations caused by the latter, We
mey Ghen have & theory which predicts the path of the planet
exactly and this prediction would be exactly falsified, by Ghe
fact that the planet failed 6o take up & predicted position atb
a predicted time, A finite deviastion, however slight, would
entall a complete refutation of the theory, in the seme sense
in which the slightest finite deviation from a Gheorem of
geometry would invelidate that theorem,

If we now turn to gQuantum mechaniecs we find & different
situstion. the space=bime map of atomic events offered by
quantum mechanics 1s as precise as that of elassical physics,

but the references of this to the events are in terms of

probabilities, and we shall see that predicled probabilities

cennot be strictly contradicted by any conceivzble events,
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I shall simplify my argument by fixing attention on The

lowest eneriy level of a system, pay of a hydrogen atom, which
¥ ]

n' - (%

uey remain unchanged forever, The factor of time belug

eliminated, the quantum mechanies of a hydrogen atom in the

dimensions = assigning a mumber to every polint of infinite space

distance (r) from the atomic macleus, is

opunber £(r) which is the amplibtude of the wave function at the

mestion hes a fractional value and the square of this
frection defines the probability of finding the electron of the

hydr>zen atom et this particular point or at any other polint

heving the same distance r from the atomiec nucleus,

o

‘he decisive reason for which the prediction of

maerically definite provability of finding en sleciron at some

particuler point of gpace, cannot be contradicted by any

e e e F oy b % 2 L o ol #* jo . i Y - - | = & o £ ¢
congeéivable event, lies in The fact tThat such a predictlion 18

Y S r " - At 4 4= any 13 1 e — B e oy ~
BRlLENOUsS, 1t admits Chat the el ctIon WMEY bDe 10U W or oot be

und at the designeted place on the specified occusion,
However, if there is, as 1 believe thal thers 1is, some
wanlng in essigning & numericel value to the probebility of our

finding an electron at & certain plece on a particular pccasion,
this ssgignment must imply some reetriction on this ambiguity,
and if no such restriction can be derived from 1t Che asaignmenty
of this probebility in objective terms we may expect to find in
it instesad some guidance to our personal participation in the
event to which the probability statement refers,

¥hen 1 reflect on my response Lo events which mey or mey
no. occur and whose occurrence . believe to depend on chance, I
find myself expecting them with a degree of alertness
corresponding %o the numericsl yelue of their probability and,

when such an ovent tekes place 1 find myself surprised by it to

S —_— ey —— e
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& grester or lesser degree, depending inversely on the

mumerical value of its anterior probability. 1l belisve Ghese
reactions to be justifiable and am prepared to regard them as
the proper appraisal of sn event governed by definite chances,
poth before and after it hes taken plece, I'his personal
participetion of mine in the event to which & probability
statement refers, 1 regard as the proper meaning of 1its

It mey be argusd howsver thot if the expectations derived

from & statement »f probability are repeatedly disappointed 1

417 % Iin A snan - e & - o f thig statemant whic]
vill beglin To suspect Ghe correctness of ¢his statement, which

o this extent will appear falsifisble by experience, Re A,

Fisher hes developed this procedure systemeticelly for the
purpose of establishing statistical Jjondementsy which consist

in deciding the tenability of & mull-hypnothesis the negation of

[ 5

eke Darwin's experiments on the influence of & cross
fertilisation as against self fertilisation on the height of
plants, which X, A, Fisher describes as a standard exsmple for
the application »f this procedure. 15 plants of each kind
jere measured and 15 pairs formed et random from which 15

eing
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denoted by X, their mean is X, ne magnitude S(A-Z) = 19,945
which is the sum of the square of the deviations from the meen,
being computed, this is divided firet by 14 &nd then by 15,
yielding the result 94,976, The squere root of this which is
9.74¢ is then taken to be the standaerd error g of the 15

observations. the decisive shtatisticel test conslists in

comparing the observed mean difference X with the standard error
Gfof this difference, We form the ratio XL/z° = ¢t which in
¢his particular case is 2,148 and then consult a table which

tells us what the probability is for ¢ to have any perticular

S _— —




velue for ean experiment based on 14 independent discrepancies,
8 & result we not: 166 the value 2,145 is exceeded bYy chance
in exsctly five per cent of such random trials,
rhe next step of the argument then sppears €o bring
statement of probability to the test of experience, 'ne ebova
compubation refers ¢ hat is the null<hypothesis in this case,
i y that the 4dif ences in the heighte of self ~fertilised
and er fertilised plants are accidental, lt tells us that
o this sumption our actual ly obeerved sample had i
pIo 11lity of occurring that was less then 5k, fhat is =&
statement concerning the probavility of a past event ich
ititles u be rised by the observed 1 lt to the same
éxtent =a & uld be if we drew & black ball from sack
lleged 6o conbair ly 5 blank balls in a 10 therwise
indist ble bells, Now s thet we hnd ourselves
ed the 1l1s, 85% ~»f them white and 5% of them blsck into
Gl cke, then having sheken them up, we drew out black
. 2 should be very surprised, yet remain uushaken in our
ef that the beg conteined the bells we had put into it, NoOU
B0, ver, for our mull=hypothesis, In this case R, A,
sher suggests (and I am prepared to follow him) that we must
o m the assumption that cross-fertilisation against self-
fertiligsetion has no effect on the height of plants for the
prol ility of Darwin's resulte when computed on these grounds
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7
assumptions of a such high degree of likelihood as we would
hold in respect of the continued presence in & bag of Che black
end white bells placed in the bag,

Of course, a series of results of sufficiently low
probability might sheke our irnitial assumptions even when tChey
are moet Tirmly held. tYhus the card-guessing experiments of
Rhine in the U.8, and of Saul in England have rendered
unteneble the null-hypothesis thet in these experiments the
cerd to be pguessed hsd no effect on the guess of 1it, put in
these cazses the probabilities of the observed resulis as
evalueted on the basis of the mull-hypothesis had Go Tall very
fer below 5 in order t> sheke our belief 1in it. Since there
is no finite limit to the confidence we may reasonably place in
8 null-hypothesis there iz &lss no lower limit to the
probability of events which we may assume to bhave occurred on
assumption of =ome null=hypothesis, It is clear therefore
that a bare probability statement, given as such, cannot De
atrictly contradicted by any event, however improbable This
event may eppear in its light,

I'ne contrast of probasbiliby statements to the essentially

nembiguous character of classicel dynamies, is sharply brought

out if we assume for the moment the ssme ide&lisation of the

G

évents referred to in both cases, Suppose that ell
axperimental errors in ascertaining these events esuld be
reduced to sero, while the eventis could also be isolated from
all external perturbetions and comuld be assumed to be free of
any kind of snomelies, In these circumstances the predictions
of Newbtonlian mechaniecs would, &s 1 have said alrcady, be quite
unambiguous and ite laws would be strictly falsifisble by an
leviation of the observed events from these predictions., but

not so the laws of guantum mechanies or any other system of

probability statements, such as refer for example to the odus
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in & gesme of chance, hey are not converted into unembiguous
statements by reducing observational errors to zero as well as
assuming the system to be so lsolated as to eliminate all
extrinsie perturbations, it 18 not legliimate therefore to
ascribe to exaect statements of probability the same measure of
objectivity as that possessed by statements of classical pnysicsg
the two kinds of stetements can be sherply distinguished in

this respect,

A conesistent refusal to recognise our personal
participation in an accredited reference to external objects,

'%e. lead us to deny that probability stetements imply any
reference to objects and sugpest that they are only concerned
with propositions, this interpretation of probability has
indeed dominated modern theory of probability since J. M, EKeynes
first proposed it in his Yreatise on Probability, published 4in
1921,

Leking for our exampling Derwin's investigation of the
effect of cross-fertilisation as against self-fertilisation on
the height of plants we would consider in this light that its
result is & proposition H, "eross fertilisetion enhances growth",
rendered probacle on the evidence that can be summed up in the
proposition E, "the mean of GChe 15 observed differecnces is
24,148 gimee larger than the calculated standard of error of the
15 gbeerved differences", Thue we would establish a
probability relation P(L/H) between two propositions, which is
a belief not about events but about a relation betweesn
propositions, Alternatively we find the result described as
conveying a certain degree of belief in H based on the evidence
B, which is symbolised by Pg(k/H)™’

Bbut this analysis does nob correspond to sctusl or

indeed . any acceptable practice, Darwin's intention was to
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9.
establish an effect of cross fertilisation on plant growbh end

not a relation of & proposition asserting such an effect Co a

propasition aboulb observed figures, When Hhine undertook o
lovestigate the chances of card guessing he wanted to find out

cbrae sensory perception exists, and not whether there
sbtains a relation between the assertion of ites existence and
the proportion of guesses recorded,

Moreover, both these investigators claimed €o have

established a probability statement H and not the probability

of & statement H, nor the particular degree of belief in H

which would e rrespond to the observed evidance K, {he
difference between & probability statement on the one hand and

the probability of a statement or the degres of belief in a
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gtatement on the other, may seem el

ovious, I'ake the throw of a die, I sey that the probability

of a six to be thrown is 1/63 that 1s "a probability statement

ey

throw such as "the probavility of a ome %o be thrown is 1/6",...

etc,, all of which 1 Jointly hold %> be vrue, If on the other

iand we are Go mske statements H about the throw that are not
probability statements they must be of the form "s six will be
thrown", “a five will be thrown", "a four will be thrown", etoc.
All six such statements are foslish but being equally foolish
they have mall exactly the same justification, These six
contradictory statements are supposed to become mutually
compatible and severally acceptable by belng held not with
cervainty but with a degree of probebility or belief to which

we ascribe the number 1/6. But obviously nob:dy can beleve

that a die will fell with each of its six sldes uppermost at the

same time, and no adjustment of the degree of this belief will

meke it mscceptable, HNor is it true to say that we belleve

H," I'nere are six such probablility statements referring to the



that & die will alwaye fall with a six on' top but are rather

uncertain of this, while at the sams time we believe that b
will elwaye fell with a five on top but are rather uncertain
of this too, &and s0 on, It is absurd to describe our state
of mind in these termsy and any attempt to do so can only be
prompbed by a desperate desire to avold saying that the chance
of Chrowing a six is 1/6, which would make an ambiguous and

yet slgnificant statement about an external evend, I coneclude
therefore that in so far ees we arrive at probsbility statements
the statistical method illustrated by varwin's

¢ Rhine¥s investigetions, or as made every day about (he toss

o goin, thes re steatements sbout pmbable events and nov
I tetements about events,
Ihe Iynesis interpretetion of pr 111ty as
nating th trength of beliefs held on the grounds ol a

process of inductive inference within the caloulus of

probvability which should eupply us with a formel rule for
lefinitely increasing our belilef in a prmposition H in view

€ the acocumalating evidence I, 1f this programme could be
suceessfully carried out iG would eliminate altopether any act
of versonsl coumitment from the sffimmation of empirical
nfersances, Since 1 believe this %o be impossible, 1 shall
continue now my critigque of the Keynesian position with the

intent ion of controverting this lmplication of it,

b

Admittedly, there are certain cases in which certair
beserved events mey lead to the affirmation of a2 proposition

as probable, Suppose 1 know thet the true answarto a question

is either *yes' or 'no' and that the true answer i1s printed on

p—i

five gsldes of a dle and the false snswer on the sixth side, 1

=

may throw the die, read what i= printed on it emddeclere that
&
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the probebility

the probability of it being the fslse answer is 1/6,

be abpsurd to declare with & confidence of 5/6 that

yould

came is the true Ensw

uppermost

rith & confidence of 1/6 that it is the false answer,
L sugsest thet this somewhst erude model correcily

T e, S
yiien 16 18

the procedure of inverse probability by i

to draw inferences concerning an unknown aggregate irom

yf this being the true answer is 5/6-th, while

b)) §F

2y and simltaneously Co &

cuseom

.
L

i

A e =
WIE e
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=

relflects

e

&

limicec iple Gaken from it, Contrary to the usual parlance
Wa. CAal ever obtain by this procedure alone, without adding any

el Judgment, enything bub state=

¢ ents about Che probability of events, even though these events
Yy be that such or such & proj Gion true,
:

'his is not to deny thet propositions can be held with
1if 1t degrees of beliel, @ have admitted this slready 1n
gcceptin I ility judsments as betwe null-hypothesils
nd its d B, ich presupposes that rant grades of

terior conflidence to Ul 1% ative probability statements,
y add that th holds notoriously alss for our accéptance
t The unambiguouns statements of classical physics, as for
¢ X le of the Cheory of relativity. in such cases the degree
f our hithert ttoainad urance playe 8 legitinate t in
let the smount of Turth widence reguired to satisfly
us alt ther in respect of the validity of a theory,

bt these acts of veriably graded affirsstions must be
env id within a wider perspective than the probabil
calcei . For this they wmust firat be formulated as my own

rmation, by writin in the form of asserted formulae
3 irbed sentences, If the fornmlae or sentence ie denoted
by p my assertion of it is declered by writing d f=- P
which read "I believe p". Hereln is expressed the fiduciary

juality that ioverisbly adheres to every sincere affirmsation
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moderate ASBUrsnce,.. Wwould erlegtively expry aflirmac 1
I & ten r formula followed by it. 1t woul 't nead To

1 v 3 s dbmal1d a4 ha nmafirad b o nacotd 4 1 ad oo

be 'efixed nor al w itself to be prefixed by an assertion sign.

requirements with previous usages, mpirical sffirmations

N - = o Tane T "% . L} - w9 s akmmeid A & B = - oy ™ - " av '}
preiixed DY 4 DBLILEVE s s 2 r i CONBlAr 1T ProballCsse can oe
responsibly made only in due consideration of the ev nce

avallable from observation, F‘hough the evilence will usually

- 2 - > - -i‘
not be fully specifigable, we may assume for th k 4
argument thet it was and imagine 1t expres in the affirmatlion

s ; a3 .3 o Tl g -t ik Al
31 Jhg it IMEY vihen oe b_.'}LAL-_:.L.'b thet the slirirmacions 4 consider

it probable that H is trve, for it fits in with E"™ is equivalent

Ihere would be of conrse no obJection Go the use of Ghese

symbols in this new context, provided they were no longer used

88

H, based on E, in the same formal terms by which & probabilit
statement or probability Jjudgment H cen be derived from an
ohserved evidence E, As a result however P(B/B) can in fact
represent nelfher the first nor the second, 1 have shown
beiore in detall that it cannot be taken to affirm the
probability of chance eventsjg but it cannot be Taken either to
ieseribe states of mind since it dees not refer to any
particular person, who alone could have a definite state of mind
and even if it did, it would etill only make a psychrlogical
observetion of & process of judgment and would still leave

unasgerted the correctness of the Jjudgment,

oSR°55%: 28 tPEusnglog s’ ek
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framing these maxims, anl for this I shall first have to define
reandomness in terms of chanee,
Teke the series of heads and talls formed by the cone-

secutive throws of an unbiassed penuy, In the theory of

such a peries is called an "irregular collective"

of which it is asserted that as the number of its members 1s
increased indefinitely the ratio of heads to tails will approach
ever more closgsely Lo unlity. What is called 'irregular' here

is usually colled "random's it consists in our example in Ghe
complete independence of every consecutive throw of the penny
from eny previous one, More generally, the randommes of &
sories asserts that it is quite impossible %o predict 1ln any way,
even as & matber of probsbility, any following member of the

3

the knowledge oIl

.
3
H
Q
-
=

its previous members,
A belief in the total disconnectedness of two events may
be regarded 2s the limit to> which a belief in their connected-

s may decline, When reduced to zero strength by repeated
disappointments, my belief in either an unsmbiguous or in a
statistical relationship of two collocated events, will emount
o a belief in thelr utter disconnectedness, fhey are bellieved
then to occur independently of each other or at random in
respect To eech otherj their sccurrence: being irrelevant To
ezch other,

Engineers devising processes of telephony and telegraphy
hove ralsed some questions sbout random aggregates which have
a bearing on the mexims of empirical inference, Compare the
probability of pueesing right a given series of n digits of the
mmber 11 which are known to form an irregular collective with
that of guessing right & given series of n coin-tosses, the
first is 4% the second %ﬂ « Both guesses would be very

he first would be 5%-times more surprising than



the second,

the measure of

that eould be

-

8,
Information the
sarprise
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packed inbo the
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#ith 2 mes
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we might identiliy

suggests tha

sure of the information

n digite of the rendom aggregate,

if used in the most efficient wey me a code for spelling out
8 MeBBATe,
L]

hen a random aggregate has besn thus concelved as &
ressege ite rendomness is totelly losb, since the deliberate
process by which the eonsecutive members of the sequence were

\

cl ;'&#ﬁ'dhﬁ nier of the message asgigns, on some grounds know
to the sender, %o each member of the sequence its particular
pesition in the sequence, This change Ifrom randomness Go

Lt ilnotivens

Chat somebody
members from

BE

alenentcs

8 of the aguregate is an expression of my belief
(who mey heve been myself) has selected its

avallable

at random in sccordance with

some criteria of apvositeness
e may generalise this to any configuration believed to
be contrived by some person on rational grounds, e mey

appraise the

amounv

yf choice

involved in producing this

confipuration by assessing the improbability of its having come
to existence ab random, For exsmple, at tha railwey station

in Abergele there is en arrangement of pebbles which forms the
lnseription "Come to North Wales by British Raillways". The
distinctiveness of this arrangement could be measured by colle
ari the ran of configurations over whic h the pebbles could
be distributed at random all over the station garden, with the
range within which they must lie in arder clearly to form the
letters and words of the inscription,

JUr acc

e . o
pegwaen ng 1a

5

appraisal,

. BJ"_J "

I -

anee of experi

cte may be

a2 universeof

T

random flickers there would be no

analysed

enced fae

=

ts and of relations

in analogy %o this mode of



recognisable events nor rclation between events, We appraise
2s an event something that shows coherence in space and in time
yhile at the seme time it wonld be concelvable that its several

gpace time fragments might be scatterzsd about ins
unrelated bite and flickers,
(L : = 1 P f= gy pwy P . e L & £ o 2 e f 4
I'ne most elementary lnstance of ‘.rI.ﬂ:lJ.].CE!l i

recopgnition of solid chjects standing out ageinst
gpeak of books, Toothbrushes snd dogs because

have parts which persist in close contimuity in s

hile the same particulars are compleftely disconn

which gec

we

Bk i
v82hd as
nference is the

her the improbaebility of the observed covariance the
ulars having occurred by chance, the more substantisl!y signif-
icant wi their collocation appear to be, But the
lmprobability of heving found the space-time perts of & book, A
toothbrush or log collocated accidentally in the manner
yoserved in Ghe bJectz camnot be appreciated without ante=
cedent recognition of these objects as natural entities. For it
is ingless & ess the improbability of an accidental

cidence unless there ie something non-ascecidentel (like the

;ext of a message known to have been deliberstely formulated)
ith which a coincidence is conceivable,

Suppose we started from the perts of books, dogs, ete. in
ignorence of the existence of maturel objects and tried to
compose from them entities which if formed by sccident would
appear to be rare colneidences, we would find open an infipnit
varieicy of choices the overwhelming majority of which would not

acceptable natural entities, here

any number of equally improbable arrsngements of
arts of a dog which would not be recognised as =

Imagine a sound film taken of a barking dog Jumpi

@ for example
the space-Gime
naturel object,

ng and running
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20,

about, une reel of this film would conbtain 15000 frames, lLet

us pick out and join together every nth frame of the film, say

every 13th, end thern again every 13th of the remaindier snd so on,

-
Lt

till sll the frames, except for & negligible residue, are

incorporated in & new seguence, the rearrenged film represents

an glternative configuration of the space time parts of the

barking dog which is exactly &s improbable as the original, yet

if you wateh this film running off you hear nothing and see

nothing.,

' more

figat -

impasse can be overcome only by specifying

closely the kind of reletionship which we mean by co-variance of
¢

the perts forming a nstural entity end slso the characteristics

of its converse, the randomness of internal particulars in

to elements of the background, Mot unless we creditc

respect £
yurselves with the capacity for distinguishing between order amd

disorder can we Justify our spesking of the improbability of a

n

And this i

[

random aggregate constituting en ordered array.
context in which the improbability of an observed

event can be properly referred to,

Y WiAV

In the conception of order, t» which 1 shall tum in the

next lecture, we shall find a framew rk for our personsal
participation in the universe which underlies ell theoretical

contemplation and revesals its kinship with the whole sphere of






