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Preface

April 517, 2018 the KarPopper Foundation Klagenfurt at the Alp&dria-

Universitat Klagenfurtd d a symposium, | astikalg for 21
Popper and the Philosophy of Mathemati cs. (
to the theory of probability, to mathematicagilo, and to some other areas of

mathematics, in addition to his main interests in the philosophy of science,

political philosophy, and other areas of philosophfyer a Call for Papers sent to

a large number of prospective contributors, we received a2iprbposals for

presentations oa variety oftopics in the philosophy of mathemati@s a wider

sense}hat relatd to the work of Karl Popper and to Critical Rationalism.

The scientific committeeansisting of Max Albert (University of Giesse®avid

Miller (University of Warwick) Reinhard Neck (Alpe\dria-Universitat
Klagenfurt)and Peter Schroedeéfeister (University of Tubingemngfereel all
proposalsand invited the ahors of the best presentations to submit their papers
for presentation. Thpresent document contains the programme and the abstracts
or preliminary versions and some presentations of the papers plus one paper that
could not be presented due to the airline and railway strike in France. They are
reproduced here in the preliminagrin in which they were presented and in no
case should be regarded as final publicat:i
asking authors for consent. It is not yet decided whether the final papers will be
published together in a collective volume or a sgassue of a journal.

Reinhard Neck, Klagenfurt, June 15, 2018
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Participants at the end of the symposium in front of the Allrra-Universitat
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Thursday, 5 April 2018

Chair: Reinhard Neck

09.00 Peter Schroedéfieister:Popper on Deductive Logic and Logical
Deduction

10.30 David Binder:A Critical Edition of Popper's Work on Logic

1130 Constant i n Br ~ n cNomnoremalldterpgratationssoh Toader :
Positive Logic

14.00 Guided Tour: Karl Popper Collection of the Main Library

DU L+ 4
AFm NSO~ —
ASCIOEER S SO

H L

!

-

L

Karl Popper Collection in the Main Library

Chair: Peter SchroederHeister

16.30 Daniel PimbéPopper and the AAbsolute Proofsi
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Friday, 6 April 2018

Chair: David Miller
09.00 Max Albert: Critical Rationalism and Decision Theory

10.30 Flavio Del SantoThe Physical Motivations for a Propensity
Interpretation of Probability and the Reactions of the Community of Quantum
Physicists
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Max Albert, David Miller, Reinhard Neck, Peter SchroeHeister
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2 Abstracts

Popper on deductive logic and logical education

Peter Schroeddteister

Universitat Tabingen
psh@unituebingen.de

Although not very well known (not even among Popperians), Popper provided
substantial work on logic and logical deduction. Much of it was published in the
late 1940s. A redition of this work together with the edition o€ansiderable
amount of unpublished material from the Klagenfurt Karl Popper archive is
almost finished and will be described by David Binder in his contribution to this
conference. Poppers logical writings are very remarkable both from the logical
aspectnd from the point of view of Popperianism. Logically, they make very
significant contributions to Gentzestyle deductive systems and to what today is
called "prooftheoretic semantics". However, the ideas advocated there are not
perfectly coherent withhie views on deductive logic that Popper otherwise held in
his wellknown work on scientific method, at least not at first glance. In this talk |
shall try to give an overall assessment of Popper's contribution to deductive logic
and to provide some ideaklow it might fit into Popper's work in general


mailto:psh@uni-tuebingen.de
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A Critical Edition of Popper'sWork on Logic

David Binder

Universitat Tabingen
binderd@informatik.untuebingen.de

Karl Raimund Popper's work on formal logic [1, 2, 3, 4, 5, 6, 7], written and
published m the 1940s, is not as widely known as it deserves. Only very few
detailed investigations into the philosophical and technical aspects of these
articles have been published [8, 11, 12, 13, 14]. In view of the extensive
literature on almost every other aspef Popper's philosophy, this is in itself
noteworthy, especially in view of the fact that decidedly logical arguments are at
the core of Popper's philosophy of science.

There are various reasons which may explain this scholarly neglect. Popper
himselfdisavowed this line of research, later classifying it as a poorly worked out
rediscovery of natural deduction. The articles also contained technical errors that
were pointed out by reviewers, something which discouraged Popper from
continuing this work. Budespite all this his articles contain ideas which merit a
more detailed study. In order to make this part of Popper's legacy more available
to other philosophers and logicians, we (Peter Schreddéister, Thomas Piecha

and David Binder) are currentlygparing a critical edition of these articles

together with a wealth of additional material frome Karl PoppeSammlung of

the University of Klagenfurt. This book will contain:

1 Newly typeset versions of the published articles, together with errata,
editorial history and introductions.

1 All the original reviews written by Kleene, Curry, Beth, Ackermann,
Hasenjaeger and McKinsey.

1 Unpublished manuscripts written in preparation of the published articles and
containing entirely new material relating to theseckas.

1 Correspondence. Popper discusses,fidarand amends the content of these
articles in correspondence with other logicians and mathematicians such as
Carnap, Bernays, Quine, Forder and Brouwer.

Having studied thousands of unpublished pages froraatection of the Karl
PopperSammlung in Klagenfurt, | will present an overview of the history of
Popper's investigations into logic in the 1940s and how it can be reconstructed
from the material we plan to include in the book. The following is a hestori
overview of Popper's preoccupation with formal logic.
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VIENNA. Popper probably first got in contact with logic and the foundations of
mathematics by enrolling in a course of Hans Hahn in 1922 in which Principia
Mathematica was part of the curriculum. $t®n got in contact with members of
the Vienna circle, among thenb@el and Carnap, and in 1934 he met Tarski

who had a profound fluence on Popper's views on logic. We do know about the
impression that Tarski's analysis of truth made on him, and itea \itten in

1943 he calls himselffadisciple of Tarskd and mentions that Heelped Tarski in

the translation ofi lberdenBegfif der | ogi sntolGermantFol ger ungo
There is little written testimony about his views on formal logic during the
Vienna years, due to the lack of publications on formal logic and the poor
archival situation regarding the time before his departure to New Zealand.

CHRISTCHURCH In 1937 Popper had fbee from Austria and found

employment as a lecturer at the UniversityCaihterbury in Christchurch, New
Zealand. Part of his teaching duties was a course in logic for philosophers. He
was not content with the available logic textbooks suitable for philosophers and
planned to write a logic textbook #1937/38. The three pe@pWwhom Popper
discussed logical problems with during his time in Christchurch are, as far as we
can see, John Findlay, Henry George Forder and Rudolf Carnap. The evidence
for Findlay, who taught at the University of Otago at the time, is rather slim and
rests on (1) handwritten remarks on a paper that is likely to be an early version of
[9], and (2) the fact that Popper discussed that article with Paul Bernays in 1946.
With Forder, a professor of mathematics at Auckland University College, on the
other hangthe situation is clear since there is an extensive correspondence from
February 1943 to July 1945 (23 letters in total). They discuss university politics
but also problems in the philosophy of mathematics, logic and quantum physics.
It is in these lettex that Popper mentions for thiest time his conception of logic

as afimetapropositional calculus a particular interpretation of the inequations

of boolean algebra. The contact with Carnap is through exchange of letters,
averaging about three lettersrpyear. Every time Carndjmishes another book,
Introduction to Semantics in 1942 and Formalization of Logic in 1943, he sends
a copy to Popper who replies with questions and sometimes long sheets of
comments. Carnap is certainly, together with Tarsld,dne person who inspired
most of the logical investigations Popper undertook during that time. Remarks in
letters and published and unpublished articles show that it is through reading
Carnap that he found the problems that he tried to solve. In 194@Poptes a
series of articles on boolean algebra, at least one of which he intended to publish
in the Journal of Symbolic LogfcThey are calledExtensionality in a

Rudimentary Boolean AlgebiafiAn Elementary Problem of Boolean Algebra
fiCompletenesand Extensionality of a Rudimentary Boolean Algébra

fiPostulates for Boolean AlgelirandiSimply Independent Postulates for

! Letter from Popper to H. G. Forder, May 7th 1943. KaopperSammlung (KPS) 296,5.

2|n the LATEX-version that we workvith, these articles take up about 100 pages. They are from
KPS 12,3;12,4; 12,5; 16,13.
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Boolean Algebra. Forder supported Popper by proofreading his typoscripts and
by lending him articles that were not availabl€Cinristchurch, most importantly
Huntington's [10] on which much of the development in Popper's articles is
based.

LONDON. In 1946 Popper gets a position at the London School of Economics
and moves back to Europe. For reasons that are still not cleahi® mgt with
Bernays in Zrich in December 1946. During discussions, Bernays proposed to
publish an article together with Popper who eagerly accepted anitnsetf to

work in thefirst months of 1947. Henished the article, entitledOn Systems of
Rulesof Inferenc® by March 3rd and sent a copy of the manuscript to Berhays.
The reason why the article never got published is unclear, but it seems that
Bernays was not in full agreement with Popper regarding some of the arguments
of the article. The contémwf this article is already quite close to the content of

[2] and [3], but contains sigintant material that was omitted in those later
articles. Among other things, it contains an explicit comparison with Tarski's
system [15] and a criterion for tifipurityd of inference rules Popper wrote on

the distinction between derivation and demonstration in three unpublished drafts,
written some time between the completioi®oh Systems of Rules of

| nf e raadthe evriting of [3]. One of them is untitled; theher two are called
fiDerivation and Demonstration in Propositional and Functional bogi@ hhd
Propositional and Functional Logic of Derivation and Demonstrétidiney

contain material which would later be incorporated in sectigiD8rivation and
Demonstration, of [3]. He draws the distinction between demonstrational logic,
exemplfied by the systems of Russ@hitehead, HilberAckermann and
Hilbert-Bernays, and derivational logic, to which only Gentzen has come close
with his system of naturaeduction. In these drafts Popper formulates an idea
much more radically than in his published articles: the logic of derivation should
be primary and the logic of demonstration should be introduced vi@ndtide

of demonstrability as a second step.iddicated in the introduction, the

reception of Popper's articles by the reviewers was rather negative. But not all
reception was negative; William Kneale and Brouwer responded positively.
Brouwer had presented three of Popper's articles to the Koninkiglerlandse
Akademie van Wetenschappen and spoke very warmly about Popper's articles on
logic. Even though Popper did not publish anything substantial on formal logic
for the rest of his life, he continued to work on logical problems such as the

3The article is in KPS 13,5; 14,8; 36,13. The title is proposed in the letter to Bernays from March
3rd, 1947.

4 This definition of purity appears as de nition D$113], where it is discussed rather elliptically

SKPS 36,20; 36,21.
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guantum ogic of von Neumann, the relation between-stassical negations and
modality and, especially around 1950, on tHéedent concepts of implication.

References
[1] Popper, K. R. 1943. i AMira, 52 4/7b@.r adi cti ons e mkt

[2] Popper, K. R. 1947 a. Hidceedjngscof theiAtistoteliant a s s umpt
Society47, 2511 292.

3] Popper, K. R. 1947b. Mn§Benmo¥285undati ons for |

4] Popper, K. R. 1947c. AFunctional l ogi c with
i nf e rKennkliggedNederlandse Akademie van Wetenschappen, Proceedings of the
Section of Sciencgs0, 1214 1224,

[5] Popper, K. R. 1948a. iOn t laiontandate ry of d e
g ener al Koniklijke Netlexlandse Akademie van Wetenschappen, Proceedings of
the Section of Scienceésl, 173 183.

6] Popper, K. R. 1948b. AOn the theory of dedu
and i ntuiti d&onindike Nederradsei Akadémie van Wetenschappen,
Proceedings of the Section of Scienéds322 331.

[7] Popper, K. R. 1949. i The tProceedingsloftreat i on of
Tenth International Congress of Philosophy, VQIEL W. Beth, H. JPos and J. H. A.
Hollak, eds. 72P727.

[B] Binder, D. and Piecha, T. 2017. APopper's |
Ne g at History sl Philosophy of Logi88(2), 154 189.

O Findlay, J. N . 1942. nuGeedeclail Mim,pPa ntaecmhmde s :
259 265.

[10] Hunt i ngt on, E. V. 1904. nAnSets of I ndepender
Trans. of the Amer. Math. Sdg 288 209.

[11] Lej ews ki , C. 1974. APopper's Theheory of forr
Philosophy of Karl PoppelP. A. Schilpp, ed632 670.

[12] Sel di n, J. P. 2008. i Clraoceeglings of the Annublu de t owa
Meeting of the Canadian Society for History and Philosophy of MathentjcsAa 149.



Abstracts 7

[13] SchroedeHei ster, P. 1984. APopper's theory of
of a | ogi Histoly ard @hilessaphyroftLogié(1), 79 110.

[14] SchroedeHei st er , P. 2006. APoppkar PoppersA ruct ur al
Centenary Assesgmt. Vol lll: Sciencd®. Miller, I. Jarvie and K. Milford, eds. 136.

[15] Tar ski, A. 1930. AUber einige Fundament al
Comptes Rendus des Seances de la Societ des Sciences et des Lettres de2Za&dvie,
29.



8 Abstracts

Non-normal Interpretations of Positive Logic

Constantin Br ncuk and 1lul i an

University of Bucharest, University of Salzburg
c.brincus@yahoo.contoad71@gmail.com

This presentation analyses a problem rai se
1943 bookFormalization of Logicin a private letter from that year, namely,

whether the calculus of positive progaal logic allows for nomormal

interpretations. Before considering this problem and in order to understand its

relevance, we have to explapwhy Popper is interested in positive logic dnd

why it is important to study the nerormal interpretatios in connection to it.

a) Popperds interest in positive |l ogic
[Popper 1947a: 290] emphasizes that the distinction between derivation and
demonstration (or proof), with some except
| ogi cianso. Among t he-2821%2 ©V]takesaas, [ Car nap
demonstration to be a speatalse of derivation, namely, that derivation in which

the conclusion fAis derivable from the null
sentence whatsoevero. I n agreement with Ce¢

Popper defines a proof as thatderivaioh i ch fAasserts the truth
absolutelyi independently of the question whether any particular other statement

is truedo. Thus, in a proof, At he concl usi c
what soever o [ Popper ibfhatdraved3t@tementistiube e mai n
independently of the truth of the premises from which it is derived, while in a

regular derivation the conclusion is true provided that the premises are true.

The distinction between derivation and demonstration udemio ways of
constructing a system of logic: as a derivational logic or as a demonstrational

|l ogic. A system of |l ogic Aintended from ¢t}
sense that it allows us to derive from certain informative4{ogital) staements

ot her informative st atadeneationadlogicf.eRbpper 1947
contains rules of inference for drawing consequences from hypotheses.

contrast, fAmost systems of modern | ogic ar
example n t he case of Hil bert Ackerman) are n

These systems ademonstrational logicsThe derivations conducted in them
usuallystart from logical axiomgjefinitions or theorems. However, this is not
always so because, for inst, in an indirect prooféductio ad absurdujthe
premises are jointly contradictory. The main point is that even in an indirect
proof, as in any proof, the truth of the conclusion holds independently of the truth
of the premises.


mailto:c.brincus@yahoo.com
mailto:itoad71@gmail.com

Abstracts 9

[Popper 1970: 1-20] treats théwo systems of logic in connection to two systems

of logic in connection to two essential features of deduction, i.e., the transmission

of truth and the retransmission of falsity, and talks about two uses ofdogic:

demonstrative usén the mabematical sciences, for proofs, amderivational

use in the empirical sciences, for criticism. In critical discussions in general, and

in empiricalsciences in particular, we should use the strongest logic, i.e., classical

logic, because we want ourtizism to be severeHowever, in the mathematical

sciences, we should userenimum apparatusistead of any strong logical

means. Popper regards a proof of a known theorem that deploys weaker resources

than the old proof asdoboaThiemali snagh ebmad a cad
aim at in Osophisticat emkcessaryorrpvymga i cs 6 1 s t
theoremand not only what is sufficient. Therefore, in the demonstrative use, we

shoul d weaken the cl assi cabhbnforexampe, as much
introduce intuitionist logic or some other weaker logic such as positive logic, and

i nvestigate how far we can get without wusi
19]. We see thus that for Popper intuitionist logic and in particular y@sagic,

which is a common subystem of both classical and intuitionist logics, could

serve as a firm foundation of mathematical proofs. However, is positive logic an
objectiveinstrument for carrying on mathematical proofs? In particular, do the

statements of positive logic have a unique meaning or do they allow for non

normal interpretations of their logical constituents?

b)  Non-normal interpretations and positive logic

In Formdization of Logic,Carnap proved that the standard formalizations of
classical propositional and predicate logic allow for-normal interpretations,

I.e., interpretations for which the calculi remain sound and complete, but in which
the logical constantsave different meanings than the standard ones. For instance,
there are nomormal interpretations in which a sentence and its negation are both
true and nomormal interpretations in which a disjunction is true although both of
its disjuncts are false hHE existence of such interpretations shows that the
standard calculi do not fully formalize all the logical properties of the logical
terms and, thus, fail in uniquely determining their meaning.

Carnapods di s enormaintgrpretafionstisrseaowadays as a

challenge to logical inferentialish(i.e., the view that the formal rules of

inference uniquely determine the meaning of the logical terms). It is surprising

then that, although Popper knew of Carnapf¢
the logical constants in inferentialterrhsn  hi s revi ew of Popper6s

! [Popper 1970: 35] mentions that a weakening of classical logic, like that suggested by Birkhoff
and von Neumann, or by Reichenbach, is not adequate in the empirical sciences, because it can
render an empirical theory irrefutable.

2 See Raatikainen 2008,uvki & Hjortland 2009, Bonnay, D. and Westerstahl, D. 2016.
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without Assumptionso, J. McKinsey pointed
referring tqtCatrnRpppenr@&s uilnfserential def
inadequatesince it may lead to the result that a sentence follows from a

disjunction although it follows from neither of its disjuncts.

In the abovementioned letter, from July™51943, Popper wrote to Carnap that he
also believed that the truthbles are not fufi formalized by the propositional
calculus, but had no idea how this problem could be spelled out. Fascinated by
Carnapo6s exi st e-nocmalingerpretatibns,Papper weht éurthero n
and asked whether a specific ssystem of propositional logimamely, the

positive propositional logic (i.e., propositional logic without negation, formulated
by Hilbert and Bernays) allows for narormal interpretations. More precisely,
Popper wondered whether:

) the axioms of positive logic allow narormal interpetations in
general, and for implication in particular;

1)) by adding the axioms for conjunction and equivalence to the
implicational axioms of positive logic, the new system allows
nonnormal interpretations for conjunction and implication, and

1)) what happens we add, separately, to the system of positive
logic defined at (llI), the axioms for disjunction and the axioms
for negation.

In his response to Popper, from Decemiet® 4 4, Car nap qual i fi ed
remar ks as Athe best hiosmnbeonakso |a rhda vceo rr feecsesi
Popper that he had not given much study t
know whether there are narormal interpretations for these systems. However,

he encouraged Popper to invefygduiingate the pr
any results, they should be published inibarnal of Symbolic Logicd6 Al t hough
Popper did not investigate this problem any further, his questions deserve

attention, especially given the important role ascribed by him to positive logic in

prods.

In this presentation, we answer some of Popper's questions regarding the
existence of nomormal interpretations for the systems described untkrand

then discuss some of their consequences for his distinction between demonstration
and derivationWe consider the relationship between the existence ehaonal
interpretations of a logical system and thus its failure to determine uniquely the
meaning of logical terms, on the one hand, and its construction as a derivational

or a demonstrational logy on the other hand. In particular, we discuss the

guestion whether a system of logic that admits ofmamal interpretations

could satisfy Popper's constraints on mathematical demonstration, i.e., his
insistence that it ought to use a minimal logipaatus.
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Popperandia bs ol ut e proofso

Daniel Pimbé

Lycée Malherbe, CAEN
pimbe@wanadoo.fr

Few months ago, whil e The Worddof Parmemnidds ng Popper
| discovered, much to my surprise, a passage in which Popper asserts that there

are fAabsolute proofso in mathematics. At f
this expression fHabsolute proof-0 Popper ir
proof, a proof pt to establish an absolute certainty: then, something which seems
incompatible with his philosophy. So, there was an apparent gap between what

Popper said and what | expected him to say. This apparent gap was the first

reasori a bad reason of my interest for the question. | hope that | have found

afterwards some better reasons for persisting in this interest.

As far as | know, there are only three t e
two passages ifihe World of Parmenidesand one paragraph ircanversation

between Popper and the Polish philosopher Adam Chmielewski in the book

Po pper GSscie® Afenfifty Years These three texts date from the last

year s of Brpmphe lat@rqthelintefview) he points out that his

interest fo absolute proofs is a recent one.

Here are more precise details about the three texts.

The first passage occursTime World of Parmenidesmore precisely in Essay 4,

AHow the Moon might throw some of her |i gt
Parmeni deswasThrstéessayn March 1989. The ¢
proofo (more exactly fAal most absolute proc

The second passage also occurBhia World of Parmenidesbut in an Appendix

whose title is fAPopper s Itbetomgstba agment s or
unfinished paper of Popper entitled AAri st
expression fAabsolute proofd occurs three t

The third passage is more similar to the second one than to the first one. It occurs
in the course o& conversation between Popper and Chmielewski, which took

! Karl POPPERThe World of Parmenides, Essays on the Presocratic Enlightedited by Arne
F. Petersen and Jgrgen Mejer, London, Routledge, 1998.

2Popper6s Open Soci eCQonptinukdg Relevancédf Katl Poppeditacdcbyl, Th e
C. Jarvie and Sandra Pralong, London, Routledge, 1999
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place on 29 July 1994. The title of the cc
interview is now the section 2, Part 1, ofthebBoa pper 6 s Open Soci ety
Fifty Years The ex pruasesiparm oifadb socclcur s twi ce on

These three texts have much in common, but also some great differences. Now it
is difficult to accommodate these differences with the common points. As we
shall see, this is the main problem about

Let us consider, first, their four common points: According to the three texts,
absolute proofs

- are defined as proofs without assumptions

- are opposed to axiomatic method

- were proposed by pieuclidian mathematicians
- were forgotten and neglected after Ealicl

The first similarity between the three pas:s
time defined by Popper in the same manner:
assumptionso. The word fAabsolutedo means pr
to any asumption. This definition is implicit in the first passage, explicit in the

second and in the third, where we can r eac
(second passage), or Athere are no assumpt
Now, is it possible to conceava proof which would be completely without
assumptions? We must suppose, | think, the
i's Awithout assumptionso in a peculiarly
be regarded, for a good reason, as the only pertmeahing, considering what

the proof is supposed to prove. This is what | will describe as the first

requirement.

But it is not enough. The alleged absol ut e
assumptionso in an explicithoassanptonopenl y. F

has been explicitly stated is not sufficient to conclude that a proof is without
assumption. Popper is required to convince us that his absolute proofs are not
simply incomplete proofs whose assumptions are not yet made explicit. Thas is th
second requirement.

Now, | proceed to the second common point: absolute proofs are opposed to
axiomatic method.

When he asserts that there are proofs without assumptions, Popper obviously
suggests that these proofs hoko,notthaeaepende
method of making a few assumptions and then deducing from them, by purely

logical means, the huge edifice of theorems. Where this axiomatic method is

adopted, there is no room for fiabsolute pr
some proposibns which cannot be proved.
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Then, we may understand why Popper took great interest in absolute proofs. He
was not interested in supproofs, in absolute certainty. His interest was a
methodological interest. The existence of absolute proofs pointsatut th
axiomatic method is not the only possible method in mathematics: there is an
alternative.

What alternative? Mathematics is a deductive science, and a deductive science,
apparently, is bound to start with axioms. Whenever he discusses axiomatic
method, Bpper never rejects it. He always emphasizes its importance, but
criticizes the idea that the construction of an axiomatized deductive system should
be the final task, the true end of sciehdeis merely a means. The true end of
deduction, he says refedly, is not to establish and guarantee the conclusions,
but to test the premises. So, what Po
refutationso seems to be the only al't
mathematical assumptions are regarded as axioms; proof is relative to these
axioms. When they are regarded as conjectures, some absolute proofs are
possible.

pPpe
ern

r
at

Third common point: absolute proofs were proposed byEpictidian

mathematicians. After Euclid, Popper asserts, everything is axiomatic in
matematics. Then, since we are looking for the use of an alternative method, we
shall find it only before Euclid, more precisely during a period of three centuries
from Pythagoras to Euclid.

Now, Popper teaches that history is the history of problem singati&n, what
matters in any period of mathematics, for instance in thaEpotidian period,
should be the mathematical problem situation in that period.

According to Popper, the problem situation in-prgclidian mathematics was not

a purely mathematicgiroblem situation. Rather it was a cosmological problem
situation, namely the breakdown of the Pythagorean programme of deriving
cosmology (and geometry) from the arithmetic of natural numbers. The discovery
of the irrationality of the square root of twlestroyed this programme. Popper

often lays stress on this point:Time Open Societ{note 9 to chapter 6), in
Conjectures and Refutation&hap. 2), and again ithe World of Parmenides

Here is the necessary background of his absolute proofs.

Fourth conmon point: absolute proofs were forgotten and neglected.

After Euclid, a proof was regarded as a proof only if it was correctly and
explicitly connected with the axioms. Then, {ifeclidian proofs which were
without assumptions appeared in retrospect @siplete, prenathematical

3 See for instance Karl POPPEBRpnjectures and Refutations, The Growth of Scientific Knowjedge
London, Routledge & Kegan Paul, 1963, p. 221.
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proofs. They were not regarded as belongir
Popper says), with another method and another background.

So, Popperdos first care is to point out tt
forgotten for this preEuclidian mathematical area was a genuine mathematical
area. And Popperoés second care is to point

to be neglected, for something has been lost when this mathematical area was
superseded by the Eucligh mathematical area.

Besides these four common points, there are also two very important differences
between the absolute proofs described by Popper in the firsTtext/{orld of
Parmenides Essay 4) and the absolute proofs described in the two oxfter te
(bothThe World of ParmenidesAppendix and the conversation with
Chmielewski): clearlyPopper does not speak of the same absolute proofs in the
two cases. Then, the problem will be: how to make these differences compatible
with the previous common pus?

Let us consider the first difference.

In the first text, Popper asserts that someRarelidian mathematical proofs were
without assumptions, then absolute, because they were proafduntio ad

absurdum But in the two other passages, he asskeatssome pr&uclidian
mathematical proofs were without assumptions then absolute, because they were
intuitive proofs. Then, he gives two very different reasons for the same
description.

Now, proofs byreductio ad absurdurand intuitive proofs seem to bet only

two different kinds of proofs, but even two opposed kinds of proofs. The principle
of reductio ad absurduns that pure logic is trustworthy and that seeing the truth
is notneeded. On the contrary, appealing to intuition means that blind logic is
insufficient or irrelevant.

Despite this opposition, may we suppose that irBurelidian times some proofs

by reductio ad absurduran one hand, some intuitive proofs on the other hand,

did belongto the same category of absolute proofs? May we conjesbune

unity or complementarity between these two opposite kinds of proofs belonging to

the same fAimat hemati cal areao? That is what
says so. As far as | know, there is no text in which he speaks of the two opposed
reasongogether, in order to accommodate them. Furthermore, when he presents

one of the two reasons, he does so in such a manner that the other seems

excluded.

Here is a problem, which may be solved, to some extent, in considering the
second difference betweeo® per 6 s first text on absolute
texts.

What is this second difference?
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According to what Popper suggests in the first textHurelidian mathematicians
did not useeductio ad absurdurbecause they were strictly mathematicians, bu
because they were cosmologists. Featuctio ad absurduprPopper asserts, was
the method of proof used by all the Presocratic thinkers (Parmenides, Zeno,
Gorgias and so on) which were interested in cosmology. By contrast, intuitive
proof appears, in thisvo other texts, as a strictly mathematical and even strictly
geometrical method of proof.

In order to understand the link between the two differences, let us remember
Popperds view about the distinction betwee
This diginction concerns the use of logic. In mathematics, Popper says, we use
logic mainly in order to prove, that is in order to transmit truth from premises to
conclusions. In empirical sciences, we use logic mainly in order to disprove or
refute, that is in @er to retransmit falsity from conclusions to premises. When we
are intending to prove, Popper adds, we should avoid establishing more than is
necessary: we have interest in proving with the help of the minimum apparatus, in
using the weakest possible logas it is recommended in intuitionist

methodology. By contrast, when we are intending to disprove or refute, we have
not to be afraid of being oweritical and using too strong means: then the best
logic is the strongest one, the classical-watued bgic’.

Then, if preEuclidian mathematicians were both cosmologists and
mathematicians, they had both to disprove, as cosmologists, and to prove, as
mathematicians: either to disprove with strong logical means, or to prove with
weaker logical means. Noweductio ad absurduris a way of refutation which
requires a strong, twealued logic.On the contrary, an intuitive proof is a way of
proving which requires a minimum logical apparatus. Here is the link between the
two differences: pr&uclidian mathematians usedeductio ad absurduras
cosmologists, and intuitive proofs as strictly mathematicians, even as strictly
geometers.

Our problem was to understand how Popper may include two opposed kinds of
proofs in the same category of absolute proofs, or preibf®ut assumptions.

This problem may now be solved, but only to some extent. As a cosmologist, an
early Greek mathematician might have to refute his own assumptioadumtio

ad absurdumSuch a refutation may be said a proof without assumptions,isince
consists precisely in proving that its own assumptions are false and must therefore
be rejected.

On the other hand, a pEuclidian mathematician might also, as a pure geometer,
have to prove some geometrical propositions in using a very minimumllogica
apparatus, in appealing only to somtuitive acquaintance with geometrical
structures, without any other argument. Such an intuitive proof may equally be

4 On this point, see Karl POPPERDbjective Knowledge, An Evolutionary Approaédxford,
Clarendon Press, 1972, pp. 1380 and 304307



Abstracts 17

said a proof without assumptions, since it consists precisely in proving that
assumptions are ndeds.

Now, when axiomatic method rules over mathematics, we may not conceive that
the assumptions reveal themselves to be false or needless: only true and useful
assumptions are permitted. But this situation is not inconceivable when
mathematics is ruledylthe method of conjectures and refutations.

Yet this is clearly not enough to solve entirely the problem. We have not only to
understand whyeduction ad absurdumon the one hand, intuition on the other

hand, may give rise to proofs without assumptidmsn tabsolute proofs. We have

to understand why these two ways of denying assumptions (either because they
are false or because they are needless) were united as two complementary ways in
the preEuclidian mathematical area. We have also to understand nehy p

Euclidian mathematicians were bound, in view of their problem situation, to

behave either as cosmologists, or as pure geometers.

In order to answer these questions, we must consider some examples of absolute
proofs in Popperod6s sense.

Unfortunately, Popgr does not give any example when he expounds his first
reason, concerning t hEiclidiaa preofs byadustiacn e s s 0 o f
ad absurdumBut what he says on the question irresistibly suggests one example,

one unigue example in fact, a whownexample, on which we have some very

plain texts el sewhere in Popperds wor k.

Let us consider the proof, partly reported by Aristathat the diagonal of the
square is incommensurable with the side of this square. The proof is clearly a
reductio adabsurdint supposing that the diagonal is commensurable with the

‘N

side, itisprovedthatn t he al l eged ratio a u b the de

odd and even: the supposition leads to an absurd conclusion.

The main point, i n Powapiathé®beginnmngnrdpie i s t hat
Euclidian times, a negative proof, a disproof, a genuine refutation. It was not (yet)

the indirect positive proof that the square root of two is an irrational number: here

is precisely the retrospect misunderstanding of thefptioe symptom that it has

been forgotten and neglected. Rather it was a cosmological refutation, the

falsification of the Pythagorean conjecture that all things are, in their essence,

numbers or ratios of numbers. For if that conjecture is true, alluresaent must

consist in counting a certain number of natural units. Then, if counting is

impossible, the conjecture must be false:fpuelidianreductio ad absurdum

retransmitted falsity from consequences to premises.

5 ARISTOTLE, Analytica Priorg 14a 26.
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On the contrary, Euclidiareductio a absurdunindirectly transmits truth from
axioms to cons elfeaemenscedustio ad absurduasadthind 0 s
but an indirect means to deduce the proposition which ought to be deduced from
the axioms, when this proposition could not be dedugedtty. Thus a false
supposition is voluntarily and cunningly tried in order to prove, through the
absurdity it entails, that the opposite is needed.

The other point on which Popper lays stress about our first example is the fact that

the proof has beemfmulated for the first time in the Pythagorean School. This

point is essential for the understanding
refutation of arithmetization by arithmetical means. Its only pertinent assumption

was the arithmetic of natdraumbers and ratios of numbers, and it destroyed this

assumption, in the most explicit way. Thus, our two requirements are entirely

satisfied: this proof was without assumptions, then an absolute proof.

Popper gives two examples of the second kind oflatesproofs, intuitive proofs.

The first example is well known. It is the passage of the dialtvtgre® in which

Plato proves that the square constructed over the diagonal of any given square has
an area of twice this given square. It was a diagrammataf,pwhich consisted

in drawing a square with on diagonal, in extending the drawing to the square over
this diagonal, and then showing to a young boy, unlearned in geometry, that the
latter square contains four isosceles rectangular triangles equahwmthe

isosceles rectangular triangles contained in the former square.

The intuitive character of this proof is obvious. But this intuitive character

precisely made Pl atods proof misunder st ooc
of view, compared withEudié s demonstrations on the same
very incomplete proof. For instance, Plato does not prove the equality of the

il sosceles rectangul ar triangles. I n retros:c
assumptionso onl yetrbubleinaasfging higassumptionm ot t ak

Then, why was this proof an absolute proof according to Popper?

I n order to regard Pl atobds proof from the
its context. The proof itself is the second part of a story, thg sfa young

unlearned boy who is supposed able to discover himself, without any teaching, the

answer to a mathematical question. The young boy fails in the first part of the

story, and succeeds in the second part. Why does he fail in the first part3eBecau

he is not yet without any teaching, that is without assumptions. For Socrates has

put to him this question: ASupposed that e
its area is four feet, how long the side must be in a square which has an area twice

the former, then eight feet?d6 It is clearly
Ahow | ong is the | ine?0 must be answered I
consequence, the first part of the story is a hopeless research. The young boy

5 PLATO, Meng 84di 85b.
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answers first thiathe side must be double, so four feet long, then understands his
mistake and searches for a side longer than two and shorter than four, answers

three feet, understands his mistake and that he ought to search for a side longer
than two and shorter thanrée, but does not see, obviously, how to find it.

But why does the young boy succeed in the second part of the story? Because he
is now really without any teachirthat is without the arithmetical conjecture that
measuring consists in counting. The pregipuoof has established that this
conjecture is false, Plato proves that it is needless. The young boy can get rid of it
to solve any problem of measurement. His intuitive acquaintance with some

geometrical structures otepposedfof i ci ent. Al nt
Adi scursiveo, as in Kant or Schopenhauer:
arithmetic. #Alntuitiveo means that nothi ng
figures is needed for measuring geometrical figures. So, the young boy has no

longert o answer the arithmetical question fAho
answer is a geometrical one, describing the structural type of the line: the

Adi agonal 0.

Thus, in so far as Platobds proof was a pur

assumptions in agptinent meaning: it rejected as needless the only assumptions

which matter about a problem of measurement. And in so far as this proof was an

intuitive proof, it was without assumptions in an explicit way. The two

requi rements ar e wasahdbsolute mabf: Pl at ods proof

Thus, we have two examples of absolute proofs, concerning two different kinds of
proofs: one example oéductio ad absurdupone example of intuitive proof.

And we may now see clearly the unity of these two kinds of proofs, their
complementarity in view of the problem situation in4aneclidian mathematics,
namely the breakdown of Pythagoreanism. According to the first example,
absolute proofs of the first kind established the impossibility of an arithmetical
(Pythagorean) cosmologiccording to the second example, absolute proofs of

the second kind established that this impossibility did not prevent the foundation
of a cosmology, since what was impossible was at the same time needless. A
geometrical cosmology, a cosmology whosengets were the shapes or figures
themselves, was therefore possible. According to Popper, this new programme of
geometrization was the great idea of Plato, and the true meaning of the famous

i nscription: fANobody wuntrained in geometr )

We may also understand why absolute proofs of the first kind appeared as

cosmological refutations, while absolute proofs of the second kind appeared as

purely geometrical demonstrations. In fact, the two kinds of proofs had a

cosmological meaning. But a geetrical cosmology was possible only if

geometry was Apureo, that is autonomous, f
of commensurability or rationality.

As | have said previously, a second example of alleged intuitive absolute proof is
given by Poppem a me | y Ar i s tMethphysiésthat the amglefina 1 n
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semicircle is in all cases arightanfgle Accor di ng to Popper, Ari
absolute, |li ke Platods proof, and for the
study of this second exangpinay be useful, owing to its peculiar features.

The first peculiar feature i s Aristotl eds
character of his proof: AThe conclusion, I
we supposed to see at a glance? We are sagdfo see that the angle in the

semicircle is half of another angle, namel

which forms the diameter of the circle. Only two conditions are needed for that
glance. First condition: we have to draw the line from tiddia of the diameter

to the vertex of the angle in the semicircle: this line divides our two angles.
Second condition: we must know that the sum of the angles in a triangle is equal
to two right angles. That is enough for seeing at a glance (accordhngtotle

and Popper) that the angle in the semicircle is composed by two angles which are
halves of the two angles of which the stretched angle is composed. So, the angle
in the semicircle is in all cases a right angle.

The second peculiar feature of thisw example is that Aristotle proposes a

theory of the intuitive character of his proof. His aimMataphysics€Book 9,

chap. 9, is to discuss the connection between what he ma@eRia (actus

actuality) and what he namdgnamig(potentig potentidity). His geometrical

proof exemplifies one aspect of this discussion. Thanks to the activity of the
geometer when he draws the line from the middle of the diameter to the vertex of
the angle in the semicircle, the truth which is contained only potgnaihat

figure becomes intuitively accessible.

The third peculiar feature is t
he intended to write, on Aristo
mat hemati cs misunder stoodo.

he most i my
tl edbs proof

For | i kper oPolfat cArsi st otl ebs proof was bound
Euclid. But this misunderstanding, according to Popper, concerns the text itself,

which has been distorted, and must therefore be restored. In order to realize the

distortion, let us consider A&it ot | eds proof in the English
Ross. We may read this:

AWhy is the angle in a semicircle in all ¢
i the two which form the base [the diameter, the stretched angle], and the
perpendicular fronthe center [and not: any line from the center to the vertex]

the conclusion is evident at a glance. 0

Now the expression Adand the perpendicul ar
Popper c¢claims, that Aristotl| edatheogroof f ail
angle is right Ain all caseso: 1t only prc

" ARISTOTLE, MetaphysicsBook 9, chapter 9, 1051 aiZt8
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needed afterwards a new theorem (namely Euclid, 11, 21) in order to establish that

if one angle is a right angle, all the angles must be so. This is traditional

misunderstanding (from Alexander of Aphrodisias to David Ross) is a symptom

of the common conviction,inpeBucl i di an ti mes, that an i nt
gl anceo, may not prove what must be provec
necessary and universaltn.

So, in the last months of his life, Popper was interested, against a tradition of
scholars, in the rehabilitation of a proof
Ai mpressiveo, fAbeautiful o, fAexcitingo.

Now, this admirati on bobraises adpsoblekrfRost ot | eds i
Popper often criticizes intuition, and he often criticizes Aristotle. He has

repeatedly said, in his whole work, that intuition, though it is an important source

of knowledge, is not a reliable source of knowledge, not a marktbf then,

i ntuition should not be regarded as a basi
criticism against intuition is especially directed against the Platonic and
Aristotelian theory of an infallible
tueessences by a kind of vision, thus
he approves a practice of geometry which applies this theory.

This difficulty may be removed, | think, in considering what Popper writes in
section 13 offhe Selfand Its Bain, whose title i s fAGrasping
Popper explains that the false theory of intellectual intuition, of the vision of

essences, contains, like any false theory, something which is true. Plato and

Aristotle were wrong when they believed that atin intellectual objects

through a passive vision, but they were not entirely wrong since vision is in fact

an active process. So we can translate their false theory into a true one, namely the

theory that grasping an intellectual object is an actieegss which consists in

making, recreating this object. The point is that we do not grasp only what we

have made, but much more: our action produces consequences of which we have

not thought so far, new objects we have to discover in exploring the autoso

world to which they belong. We have to draw, to construct a geometrical figure in

order to grasp or discover in it what we have not drawn, not constructed, what was
Apotentiallyo, as Aristotle says, in the f
mind, is to understand that the objects we are grasping in intuitive proofs are

i mat h e ma t®iwhich havefamabjectivé existence, independent from our

grasping. Thus, Popper may accept mathematical intuition in a Platonizing sense,

but not in an intdionist sense, since intuitionism conflates the proof with the

assertion to be provéd

8 Objektive Knowledgep. 133.

91bid., pp. 128 and 139.
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Let us sum up what we have learnt from these examples of absolute proofs:

1-They were fAwithout assumptionso in two w
these assumpins were false, or because they did not need them for proving.

2- False or needless, the assumptions were of the same kind: they were
arithmetical assumptions.

3- Thus, the absolute proofs established the impossibility of an arithmetical
cosmology and thpossibility of a geometrical cosmology.

Now, according to Popper, it is precisely in view of the perfect achievement of
this geometr i cal Elenedsthat absotute proofs b€ame | i d 6 s
forgotten and neglected. The point sounds paradoxical agtbawonsidered.

Popper repeat ed]| Blemansswas origisallytinteaded aganc | i d 6 s

attempt to solve systematically the probl e
programme of geometrization. In other words, the aim of this treatise was the
systenat i ¢ reali zation of Platobdés and Aristot

this was done with sucuccesshat the problems, having been so well solved,
disappeared and were forgotten. And when the problems were forgotten, the
significance of absoluteroofs was forgotten too.

This explanation by the success is not as
success inevitably consisted in working out a completely autonomous geometry,

freed from any arithmetical assumption of commensurability or rattgnahd

thereby protected against incommensurability and irrationality. But this geometry

was so completely autonomous that people might well forget in what respect it

was autonomous, and consider it as only geometry. Solving the problems had

removed the mmory of these problems. Théflementsno longer appeared as a

cosmological treatise, but as a textbook of pure geometry.

PreEuclidian mathematical problem situation was the opposition between two
cosmological theories: geometrization against arithm&izaWhen this problem
situation is forgotten, a new mathematical area appears. This new mathematical
area is no longer divided into conflicting theories on the world, but into several
branches. Geometry becomes a simple branch of mathematics, side wtisid

an arithmetical branch in which irrationals may be accepted as a peculiar kind of
numbers. Each branch of mathematics is concerned with its own assumptions: the
fact that arithmetical assumptions are needless in geometry is no longer a
pertinent fat What is pertinent, now, is only the fact that every geometrical proof
depends on geometrical assumptions: then, axiomatic method supersedes method
of conjectures and refutations. In gfeaclidian mathematical area, logic was used

in two inverse ways, inrder to disprove as in order to prove, and some proofs
might be absolute proofs. In pdsuclidian mathematical area, logic is only used

to prove, and no proof may be an absolute proof: every proof is relative to the
axioms.
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In that change, Popper sapse Euclidian mathematics has not only been
forgotten, it has been neglected. This point concerns above all the old absolute
proofs, in their two forms, proofs bgductio ad absurdurand intuitive proofs:

their original meaning is misconceived. In ffedidian mathematics, these two
kinds of proofs were united by their complementarity: each of them was needed to
reject the pertinent assumption in a specific way. In contrast, they become
regarded after Euclid as two conflicting kinds of proofs. Any argunmeiavour

of reductio ad absurdummust emphasize the necessity of blindly relying on logic,
then the uselessness of intuition for proving. Any argument in favour of intuition
must inversely emphasize the necessity of constructing in our mind what is
proved, then the invalidity afeductio ad absurdun$o, if the new mathematical
area is no longer divided in two conflicting theories on the world, it is divided in
two conflicting theories on mathematics, two opposite conceptions of what
mathematics has tad

In order to escape this division, p&siclidian mathematicians are bound to
diminish the significance of the two kinds of absolute proofs: that is another
manner to neglect them. For instance, infpoelidian timesreductio ad
absurdumwas requiredd disprove, and because criticism requires strong logical
means. In the new mathematical area, this kind of proof is used to positively
prove, then as an indirect way of proving, for lack of a direct one: it is an obvious
depreciation

A similar fact may benoted about intuitive proofs. In the old mathematical area,
intuition was required to establish, positively, the autonomy of geometry, its own
ability to answer without counting any question of measurement. In the new
mathematical area, this autonomy ebgietry has no longer to be established.
Proving is only deducing from the axioms. Then, intuition is regarded as being
just a help fordeduction: it is another obvious depreciation. Something has been
lost, according to Popper, when fiaclidian mathemats was forgotten.

As a conclusion, | wish to remember what Bertrand Russell says, in his
Autobiography about axiomatic method. He tells that he began Euclid at the age
of eleven, with his brother as tutor. This was a great happiness, he says, though

this happiness was spoiled by a regrettabl
proved things, and was much disappointed t
Russel |l atd réfgsed tofagcept them fthee axioms] unless my brother

could offer me some reason for doing so, K
we cannot go ondé6, and as | wigdtedoto go or
And Russell C 0 n ctd thedpeemmises di Mathematice which | fel s

at that moment remained with me, and determined the course of my subsequent
wor k. o

Thus, Russell s early reluctance to axi 0me
premises or assumptions of mathematics: gesfaadoubt concerning the truth of

these assumptions, perhaps a doubt concerning their usefulness. But Russell has

never thought, afterwards, that a mathematical assumption may be mathematically



24 Abstracts

proved to be false, or needless, that is by a mathematuzt prhat happened,
according to Popper, in early Greek mathematics. In other words Russell has
never thought that mathematical assumptions may be, not axioms, but conjectures.

Then, his reluctance was somewhat differer
Howeverh at may be, Popper explains Russell 6s
Ainstincto which Russell, unfortunately,
what he intended to write about this point

mat hemat i cbsother,imeBckaims, was thisinformed, and he misinformed
Russell: there are geometrical (and other) proofs that need no assumptions:
absolut® proofs. o

10The World of Parmenidep. 297.
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Critical Rationalism and Decision Theory
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The two main areasofspal | ed fAnor mativeo decision the
under uncertainty, where Bayesianism (abjective expected utility theory) is the

most prominent approach, and decision making under risk, where the v.
NeumanrMorgenstern (NM) theory is widely accepted. Normative decision

theory is normative in the sense of a hypothetical imperative: it ippsedly, in

the interest of a decision maker to decide in line with the theory. This claim seems

to be false in the case of Bayesianism. The NM theory, in contrast, is closely

linked to the propensity interpretation of probability. It seems that, atifeast

simple decision problems, an adherent of the propensity theory would accept the

claim that it is in his own interest to decide in line with the NM theory.
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The physical motivations for a propensity interpretation of
probabilit y
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Karl R. Popper has been perhaps the first modern philosopher of science to realise

that oOoquantum mechanics [(QM)] and probabi
Both have well established nhamatical formalisms, yet both are subject to

controversy about the meaning and interpretation of their basic concepts. Since

probability plays a fundamental role in QM, the conceptual problems of one

theory can affect t he tthdtdnkyrecedtlyfouBda!l | ent i ne,
some support in the physics community.

As a matter of fact, with the pivotal work of John von Neumann (1932), QM was

provided with a consistent axiomatic formulation: a physical system is
represented by a)weamplekHikprt¢pace,whichl | v a r ay
encompasses all the physical variables. What is, however, the ontological status of

q is still to date object of heated debat e

Roughly in the same year, probability theory underwent a systematization (as an
axiomatic masure theory on a Boolean algebra), mostly thanks to Kolmogorov

( 1933) . LoBibdermFerscliuagl934)- although it owes its fame mainly

to methodological issues and the novelty of falsification, therein proposasi
extensively devoted to probaibjl (in particular to the frequency interpretation,

see e.g. Miller 2016) and to some problems in quantum theory.

QM is indeed related to probability as follows: given a certain experiment with
experimental settingsand a possible outconae quantum thexy allows to

compute the probabilitg(a|x) of finding that outcome. Yet, there is to date no

unique and satisfactory explanation of the mechanisnighds to the observation

of a specific outcome in a certain experimental run (this has gone downoiry hist

as the quantum measurement problem, see e.g. Brukner 2017). On the other hand,
despite the weltlefined laws of formal calculus of probability, the symbuts|x)
=r(read: At heagvemxo b adn diswheas mdber between 0

and 1),as well as the argumerdsandx are in general left open to interpretation

(see e.g. Popper 1967, eight thesis).

For about 60 year s, Popper has been one of
Copenhagen Interpretation of Quantum Mechanics, the \astBpted anti

realistic, subjectivist and instrumentalist viewpoint on how to interpret quantum

formalism. Popper, indeed, strove for an objectivist, realistic interpretation of
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guantum theory, and only in his late years he gathered the support obillastri
physicists (see Del Santo 2017). At the same time, at least since 1934, Popper
fought against subjectivist interpretations of probability (which interpret
probability as a rational degree of belief of an event to occur, based on a

subjective lack of ko wl ed ge) . I't is thus not a case t
mechanics and in probability @yolved in a way that is impossible to
di sentangl e. Despite the severe criticism

propensity interpretationf probability (PIP) he rightly encapsulated the
importance of the relation that bonds quantum theory and the propensity

interpretation in Popperdés view: O0The supfr
us to understand quantum mechanics, quantum mechanics provides ewdence f
or natwurally gives rise to, a propensity i

For many years, Popper had adhered to the (objective) frequency interpretation of
probability (specifically as expounded by von Mises, and improved by Popper
himself) that regardgrobability as the relative frequency of evemtamong the
eventsh. Yet, from 1950 (see a letter from Popper to S. Korner on 21/04/1956.

PA, 48/27) Popper started developing BiE. Propensities were first presented in
1953, in the course of lectures (published in C. A. Mace, 1957), and eventually
presented to the academic world, in 1957, at the Ninth Symposium of the Colston
Research Society in Bristol (Popper 1957). There Poppeed delineating the
problems of the interpretations of probability, related to quantum theory. A major
concern was how to treat the probability of a single event, something that
frequency interpretation leaves uninterpreted. However, it ought to beesdre

that the reasons that led Popper to abandon the frequency interpretation are not to
be sought in an alleged untenability of the frequency interpretation. Indeed,

Popper always maintained the frequency i nt
o0 bj e c(Popmenld:); the actual motivation came, as anticipated, from
physics. In fact,single ase probability 6is of i mportan

guant um t he o rfynctibnedetaamiresthe tprobability okangle
electronto take up acertainstatender certain conma tionsd (P
second and more technical (not about physics though) papdPgRopper
explicitly stated: 61l gave up the frequenc

(I) The first was connected with the problem of gdieuantum theory.

(2) The second was that | found certain flaws in my treatment of the probability of
single events (in contrast to sequences of events)

[é] the first point [é] was the first in t
had dev e lheigea tthat grobgbilities are physical propensities,
comparable to Newtonian forces, that | di s

It was in fact an attempt to interpret in a realistic and objective view the quantum

doubleslit experiment that led Poppertohn e convi cti on that O6prob
Aphysi c aheymust begrpedsities, abstract relational properties of the
physical situation [é] and real not only i
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experimental result, but also in the sens they could, under certain
circumstances (coherence), i nterfere, i . e.
1959).

This revolutionary idea, despite having been presented for the first time in the

course of what has been tderf i Weerdl da sWadrt hlel o i
about foundations of quantum mechanics ( Kc
ignored by physicists for at least a decade.

I will show that it is only with the publication of Quantum Mechanics without the

Observer (Popper 1967) that Popperdi)the first time fulfilled his original aim

of applying propensity interpretation to quantum physics in a comprehensive way

and, consequently, (ii) he received the first attention by the community of

physicists concerned with quantum mechanics. | wiltdrgffer an overview on

the main reactions, both positive (D. Bohm, H. Bondi. B. van der Waerden, F.

Selleri) and negative (J. Bub, P. Feyerabend, P. Milne). This reconstruction will

be based on unpublished private correspondence between Popper arjdrhis ma

i nterl ocutors among physicists, retrieved
(Austria), as well as through a thorough analysis of the literature available.

Propensity interpretation has been expounded by Popper in a number of works,
throughout about faudecades, and went through many refinements. D. Miller
(1991, 2016) has rightly highlighted that the PIP was not developed in its ultimate
and most sophisticated formulation until ®estscript(Popper 1982), wherein
propensities were eventually formwddtas the first objective interpretation that
could consistently deal with single case probabiliéesl also frequency of

events in the long run. According to this view, it is eventually the whole universe,
everything that lies within the light cone ditconsidered event, that can possibly
contribute to influence the probabilities (propensities). Although | fully agree with
this view, | will focus on the local condition that determine physical experiments,
namely the local experimental conditions that directly controllable in scientific
practice. Therefore, | maintain that for this purpose the PIP was already fully
developed as it was expounded by Popper iQnzntum Mechanics without the
Observer(Popper 1967).

I will then attempt a discussion tife main features that relate propensities to

fundamental aspect of physics. In this regard, | will discuss, for instance, the role

that determinism plays in quantum mechanics and support the fact that
Opropensities -pxédme calues ordysas indeterminisian

world. o6 (Miller 2016) . Mor eover, I owi || r e
reality that Popper assumed in different period as the underlying assumption for a

realistic interpretation of probability. In fact, it seems thatigfinst work on PIP

(Popper 1957, 1959), Popper used (quantum) physics as a mere triggering

motivation for a revision of the issue of singlase probability, but the ontology

of the propensities was scarcely outlined. At first, Popper defined the prteggens

as Oabstract relational facts [that] can I
(Popper 1957). The ontology of propensities was however thoroughly discussed
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only later, when Popper maintained that it is not solely thedmeetion causation
to define what is physically itrcendbd , but r ec
ki cked, and (Pdppec B67, dightth&sis)b a c k 6

Coming to quantum theory, the ontological problem in the microscopic world has

puzzled physicists for oveime decades. Historically, the most prominent

realistic class of interpretations of quantum theory was developed with-the so

calledhidden variablanodels. These all share the feature of ascribing the whole

oddity of quantum theory (wavearticle duality,entanglement, etc.) to the

existence of underlying hidden variables (H&)not experimentally accessible

(either in principle or provisionally). Albeit HV were firstly introduced to restore

classical determinism (i.e. ( a | 0 pr&)) and-therefore pposed to account

for the observed probabilistic behaviour of quantum mechanics, models of

increasing complexity flourished throughout the 1969%0s, which did not rely

on strict determinism, but still maintained a realistic description of the physical

world (realism in this context means that physical objects have well defined

values of all the physical variable at any instant in time). Following the idea of L.

de Broglie of a pilotwvave guiding quantum particles, Bohm proposed the first

fully developedmodel of QM in terms of deterministic HV. However, contrarily

to what many physicists believe, Bohm himself was ready to abandon strict

determinism. Popper and Bohm had a long and fruitful intellectual relationship

(not free from tensions though), and theews on interpretations of quantum

mechanics were convergent to a large extent, even more than Popper himself had

possibly realised, according to Bohm (letter from Bohm to Popper on 13/07/1984.

PA 278/2). | shall therefore draw a parallel between Pé@pper p hy si c al
propensities and hidden variables, showi ncg
(propensities}even though, to my knowledge, never stated explicitly by Pepper

are not only strongly related to the interpretation of quantum mechanics, as

ceasedssly stated by Popper, but, given the fact that they are granted a status of
physical reality, propensities are actuall
interpretation of quantum mechanics thus results composed of two elements: a

corpuscular ontologgf directly detectable particles, and physically real

propensity fields (hidden variables) that can be indirectly manipulated by altering

the experimental conditions. Admittedly, Bohm noticed that in his-(non
deterministic) HV machastic movement af thenparticegar d ot t
as affected by a field of propensitieso6 (I
PA 278/2). In this light, propensities as hidden variables survive the fundamental

limitation imposed by the KocheBpecker theorem (Kochemd Specker, 1967),

which states the incompatibility of nerontextual hidden variables (i.e.

independent of the choice of the disposition of the measurement apparatus, called

context) with quantum mechanics.

In conclusion, the aim of the present paper is to provide an historical account of
the devel opment of Popperds propensity int
on the essential relation with (quantum) physics, as well as a brief reconstruction
ofther esonance of Popperds proposal in the <c
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Afisi, Oseni Taiwo, Ph.D.

Department of Philosophy
Lagos State University
oseni.afisi@lasu.edu.ng

This work is to grow an afppopessityi ati on for
probability. Two major tasks are to be accomplished here. First is to show the
pragmatic evaluation of propensity probability in the practice of Ifa literary

corpus. Second is to establish that Popper
with his disposition to singlease probability is a derivative of Bayesian
probability. The aim is to establish that
i nductive in nature, yet to rise with it t
criticalrational s m. To accompl i sh t hustficationiamc cept t hz:

is unstable, but | inject the least amount possible of justificationism into the
needed rescue of critical rationalism.

Popper developed a bold form of propositional calculus he tepnogensity

probability. This differs from the purely frequency interpretation of probability

that deals with statistics of sequence. Ty
propensity probability. First is his disposition to singése probabilities. Send

iIs how Popper's propensity theory of probability is made explicitly in relation to

environmental factors.

Popper had rejected the frequency theory of probability for offering an account of

probabilities with respect to statistical sequences. Thefreque st s, i n Popper
view, failed to consider probability in terms of a single case, but only in terms of
infinite sequence of events. Poppero6s pr of
not in terms of the sequence, rather in terms of the factorsathditions the

result of such events. The crux of Popper ¢
therefore, is that the probability of the result of every kind of event is conditioned,

dependent or determined by the factors of the physical environment abititat p

in time, and not by the result of the frequent sequence.

There is an implicit symmetry of science ¢
probability. On the one hand, the singl@se propensity is a property of

experimentation with which severe tegtiof hypothesis can be achieved. On the

other, there are ontological properties evident in propensities of physical factors

that determine the outcome of the probability of any happenings given certain

initial conditions. Both are mutually accommodated®®io pper 6 s propensity
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probability. As David Miller rightly posi't
significant for quantum theory and for a new metaphysics of nature.

There is an underl ying practical rel evance
probailistic cognition of the traditional Yoruba knowledgelfa, to which this

study partly looks into. This is intended is to bring to fore an indigenous

knowledge system dfa, which emphasizes dmoth the scientific and the

met aphysical, as Poppe ifdisstructuredpneabisaryt y pr o b e
format in its organisation and application of knowledge, which can be tested in a

singlecase manual experiment. The outcome of every mamaay thf theZp'Y'Y

in Ifa corpus is embedded in the mathematics of the binomial probability

distribution, and it izletermined on a number of physical/metaphysical/spiritual

factors.

The2pYYis Ifads divining chain, organised in four binary pairsaggd on the
divination tray named thepon ifa.The gG@s an 8 pieces of coins chained

together. When tﬁegcg@ tossed on the divination trépponifad gach piece

has only two mutually exclusive outcomes and all eight have a total of 256
possilbe combinations. The complexity here can be made simple by an example of
the outcome of t os sdonaftailg notbothandnotYyou get a f
neither. With this, one has two mutually exclusive and exhaustive possibilities.
Each possibility is of @ or q chance. This is different from obtaining ¥2. The two
possibilities have a total chance of one (p +1).=But if one tosses the same coin

8 times, or one tosses 8 (equally weighted) coins once, you get 2x2X2x2X2X2X2x2
= 2 to the power 8 = 256 pobl outcomes. But it is not the relative frequency of
the sequence of events that is importarntanit is the result of divination, which

is largely determined by factors external to the&G

In the Ifa system, a disposition to probability is usedrder to remove any bias

that may arise from the preconceptions of the priest who toss

Ordinarily when the G@s tossed the priest uses the appropriate poems and
aphorism called thedwifa to achieve a divination for a given siticat. As earlier
mentioned, thegGGlivination chain consists of eight dike seed, attached
together by a string, each having two distinctly differentiable sides. The divination
chain is cast by gently swinging and then throwing it onto a flahserfThe

manual swinging randomizes the arrangement of the discs, so that when the chain
is thrown to the ground, a random pattern manifests. Due to the fact thg

has eight disks that can manifest dichotomously, it works as an eight bit random
number generator with the capacity of generating 256 distinct patterns. Each
pattern corresponds to adtrifa, each of which describes key social

circumstances and various prescriptions relevant to each circumstance.

The underlying process and method#fé@fivination share many similarities with

the processes in Popperds propensity probe
represent real life situations that understand that the outcome of any events is not
determined by the relative frequency of the nemdif sequence, which sees the

world as a physically closed society, but are categorised by genuine freedom and
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creativity. Unlike the relative frequency probability approach to mathematical
modeling which is deterministic in its assumptions and resuttpepsity
probability of Popper captures the essential stochastic nature of real life and is
therefore capable of modeling real life without any unfounded assumptions of
determinism. In a similar way, th& oracular system models the random nature
of vainous life events by introducing a probability distribution defined by the
divination chain.

I n spite of the application of Popperds pr
situations, this second section of the paper examines the technical detals of t
account of Poppero6és theory of severe testi

relationship to Bayesianism. |In Popper, | e
the probability of t hePopperidefieed theesevierEy0 gi v e n
ofatestby omparing the | ikelihoods of the evid

the ol der background theorie
with respect to background t
definition that prob(ET) is much greater than prob(E, B).

s, vis., ATo,
heory ATO, or
The Bayesian explanation for this would be as follows. Let us take the case where

from ATO (with any auxiliaries) we can dec
high.

Now considering the background theory B andhgre are two cases:

I f on the one hand AEO is highloy | ikely
at least prob(E, B) is very high, then the Bayesian probabilification of T given E is

low. In Popperian terms, either S(E, T, B) = 0 or at least §(B) is very low. In

this case, AEO gives roughly the same degr
well able to decide between them.

21 f on the other hand AEO0 is quiOte wunli ke
or at least prob(E, B) is vetgw, then the Bayesian probabilification of T given E

is high. In Popperian terms, either S(E, T, B) = 1 or at least S(E, T, B) is very

high. I n this case, AEO gives quite differ
is well worthy of consideration tieelp deciddbetween them.

This paper steps away from Popper to the extent of employing Bayesian

principles. However, this is intended toclearbers t abl i sh Popper 6s i de
severe test. The Bayesian prineiples, in ¢
inductivism needs to be relaxed. It is by making probable the imprebabtaing

that a theory manages to be susceptible to a severe test; and it is when the theory

passes such tests that it can be looked upon with favour.

Another way to consider thisisannst abi | ity i-n Popper6s own
justificationism. Popper sought not aald kind of favouring of a theory but
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rather a justified kind of favouring of a theory. Favouring a theory because it has

passed many tests none of which is severe would be a migiakieof favouring

in Popperds own view. Only favouring a t he
number of severe tests (and has not yet failed any tests) is justified, according to

Popper. So Popper must to some extent have been oriented to justification. Th

account of Popper that we need is one that minimises the needed justificationism.
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This paper is concerned with the problem of defining the relatipnodfabilistic
independence a way that reveals how, if at all, it is a generalization of one of

the various relations abgical independencthat are familiar to logicians. It is

well known that in this regard not all is wellthin the classical theory of

probability, in which probability is intrinsically a singulary function, or within the
modern variant of that theoryatwas given currency in the axiom system of
Kolmogorov (1933). More incisiveness might have been hoped for in those
subtler axiomatizations in which a relative (binary) probability function is adopted
as primitive, especially the axiomatic theory analyisegppendix *iv, and

presented systematically in appendix *v;Ttie Logic of Scientific Discovery

(Popper 1959). But it turns out that the classical definition is even less satisfactory
here than it is in its classical setting. Near the end of hisdipp& became aware
that something was amiss, and in the final appendix to the 10th editioigi&f

der ForschundPopper 1994) he proposed an alternative definition of

probabilistic independence. This appendix, on which Dorn (2002), §2.4, reports,
has, pedictably enough, been neglected, anyway in Endgisguage publications

(by me as much as by anyone). A recent paper (Fitelson & Hajek 2017) devoted
to the same topic does not notice it. It is the primary purpose of the present paper
to show to what extd Popper's definition is an advance on the definitions
commended by Fitelson & Hajek. But | shall also address once more the question
of what logical significance the relation of probabilistic independence en joys, and
shall broach the idea that theraigenuinely attractive alternative.

Probabilistic independence
In the classical theory, where absolute probahil{g) is primitive, the
probabilistic independencef elements, b in the domain of the is defined by

DU u(a, b y4 p(ab) =p(@)p(b).

This is a symmetric relation. An immediate and untoward consequence of this
definition is that every elemebtis independent of every elementor which p(a)

= 0; in particular everp is probabilistically independent of the contradictory (or
zero) elemet s, even thouglb, beingdeducible frons, is logically dependent on
s. It is rather less immediate that every elenagatrr whichp(a) = 1 is

independent of every elememtBut if p(a) = 1, therp(a™ b) pP@), whenceby

the addition and monotony laygb) p@b) p@), and thereforg(ab) =
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p(a)p(b). This implies that the tautological (or unit) elemeistprobabilistically
independent of every elemdnteven though, being deducible frorh, is

logically dependetnonb. These anomalies in the classical theory are perfectly
well known, and some effort has been made to surntbant. There is, in
particular, a stronger asymmetric sense ofpttedabilistic independencaf a from b
that uses the relative (often calleonditiona) probabilityp(a, b), which, provided
thatp(b) 1 0, i ®a, B =plabyp(e).drhidbstironger definiens is

bv. V@b z p(a, b =p(a).

Since the first term on the right here is not defingab) = 0, the conclusion that

every elemena is probabilistically (but not logically) independentsié

thwarted. It remains true, nonetheless, that the elemgimdependent of any
elementb that is not identical witls itself, and that the elemenhand any element
bforwhichp(p) I 0O are mutually independent.

In appendix XXto Logik der Forschundopper acknowledged these

shortcomings of the classical definitiosstndt ought not to be probabilistically

independent of other elements. But he thadlgat it must be possible for some

other contingent statements with zero or unit probabiliig examples of the

|l atter were O6Ther e heexries tesx ias twsh iatteg orladveenn dm ce
be counted as probabilistically independent of each adthsrsolution was to

introduce two new relations @feak independenae(a, b) andindependence(a,

b),

DW w(@a,b) 2z p(a, b =p(a, b)
DI I (a,b z w(a, b &w(@,b&w(b,d &w(b’, g

(Popper called these definitionsandba respectively). The main theorem

(Haupttheoremof appendix XX demonstrates that neithiemor s bears the

(symmetric) relation to any element. Fitelson & Hajek also disniidg because

it requires that odédanything prdperthofext r eme pr
being probabilistically independentitdel6 ; t hi s i s a state of af
judge, may perhaps be acceptable for contingent events with unit probability (86),

but it is intolerable for contingent events with zero probability (88gyTropose,

as successors tda, b), two other definientia of the probabilistic independence of

afrom b: the weaker one is jus(a, b) released from the restrictionth@b) | 0,

while the stronger one jastw(a, b) itself. Popper had shown that, amgoother

things,w(a, b) impliesv(a, b), and hence thai(a, b") = p(a); and, near the end of

the appendix, that(a, b impliesu(a, b), so thaindependence, newly defined by

DI, oO0i mplies classical i ndepeuouabBVv@e o . It i
b), w(a, b), 1 (a, b) is equivalent to any of the others, and hence that they provide
stronger and stronger definitions of independence. It is evident toq tikatu, is

a symmetric relation, whereasandw are asymmetric. Fitelson & Hajek appe

to regard this as a discovery, rejoicin
i ndependencedéd, as they audaciously | abe
directionof i ndependence6 (A8).

rn

g t
I



38 Abstracts

Popper did not give an explicit construction to show that the relef@om) can

obtain between two contingent elemeatbwith probability 1, such as the

existential statements lately mentioned, but it is easily done. There are some other
nice results that he did not assert (let alone prove). One, which he would surely
have been pleased about is that, accordimg,tao elenenta is independent of

itself, or of its negatiom”. He would perhaps have been less pleased to learn that
probabilistic independencéa, b may obtain even when the elembrbgically

implies the elemerd; that is, when they are, in the usual setwgcally

dependent

Logical Independence

If we are to decide between the relatiofe, b) andw(a, b commended by
Fitelson & Hajek, which may be too weak, and the relat{anb) commended by
Popper, which may be too strong, we shall have be cleaoet the job that
probabilistic independence is being asked to do. At one point Fitelson & Hajek

note that OWe may well want inductive
be continuous with deductive | dgico (A
example 1957, point 3) been inclined
probabilistic independenced, and the

elements are probabilistically independent, or approximately so, lurks
unacknowledged behind many gements of probabilistic independence. But
there are several different kinds of logical independence too, and some of them
turn out to be more appropriate than others.

Simple(logical) independences simply nordeducibility. It is what is asserted

when itis saidthat the axiom of parallels is independent of the other Euclidean
axioms, and that the axiom of choice AC is independent of ZF set theory. More
generally, a set of statements isimplyindependenif and only if noain K is
deducible from thetber elements. There are two wiatlown extensions of this

idea. The set is completely independe(ioore 1910) if and only if for every
subsen of k, all the elements of can be true while all the other elements are
false. It is immediate that a completely independent geboth consistent and
simply independent. It is to be noted that Popper did not attempt to show that the
four conjuncts in the definition DI of thelation| (a, b) are consistent, which of
course they are, or simply independent, which they are, or completely
independent, which they are not: it is impossible that exactly one of the four
conjunctsw(a, b, w(a’, b), w(b, a), andw(b", a) is true. Althou@ this fact deftly
intimates that the relatiom(a, b) is needlessly weak, the virtues of complete
independence are really far from obvious. It is known that, in classical logic, there
are infinite sets that are not equivalent to any completely indepesetg(tent

1975). What is decisive, however, is that, unless all probabilities equal 0 or 1,
there exist completely independent sets whose elements in pairs are not
probabilistically independent, even according to DU (Popper & Miller 1987, note
2). A braveattempt to solve this problem has been made by Mura (2006).

A setk is maximally independeriSheffer 1926) if and only if it is simply
independent and no (ndautological) consequence of any elenemt K is
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derivable from the other elements. The eleta®f a maximally independext

have no content in common, and are what was traditionally callecbntraries
Tarski (1930, Theorem 17) showed that, in classical logic, everyiset
equivalent to a maximally independent set. Maximally independentatsrare

not in general probabilistically independent (Popper & Milbgdem Theorem 1).
Nonetheless, it is attention to maximal logical independence that looks like the
way forward.
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From cosmic paths to psychic chains

Bernard Burgoyne

Middlesex University
bburgoyne.london@googlemail.com

Al t hough | had been aware of Popper 6s
surprisingi to mei that | had never thought of trying to reconstructrilation to
mathematics, and even more so, to its foundations. So | started by looking at what
may have been his orientation to mathematical problems around 1920. Popper

wo r k

writes of this time: AAt the University &

theexception of those in mathematics and

Department of Mathematics offered really fascinating lectures. The professors of
the time were Wirtinger, Furtwangler, and Hans Hahn. All three were creative
mathematicians of worldpeut at i on €& Al | t hes.dFremden é
had recorded a similar homage: if not directly towards mathematics, certainly
towards what he took to be the methods of the sciences. The man that Freud had
described while he too was inin histwentiégsass hi s fAhousehol d
Hermann von Helmholtz.]

t h

wer €

Godo

Thatdos a good start, but what was Popper |

because é | thought that i n mathemat.

cs |

of trutho. AStandatradmsd arfd st rauft hpor aaaftdh earl rt eha

programme set within a somewhat wider domain than simply that of mathematics.
[The text of his intellectual autobiography was written a half century after the
experiences being described; but the text clearly hagharbgard for historical
accuracy]. In any case, at least we can say that a serious concern for the nature of

mat hematics was, in Popperd6s case, |l ongst ¢

Already at this early period Popper had developed his distinction between critical

thinkingandd gmat i ¢ thinking, dogmatic theori

was needed if critical thinking was to be possible. Critical thinking must have
before it s omfeltoheiwergnow o locate some af thezearkest
Afdogmat i c -andbefork-thatgne of theé lonian Greeks, it might not

be too hasty to attempt to reformulate this distinction as that between metaphysics
and the progressive critical articulations of sciénce

1 KRP: AutobiographyUQ pp39 40].
2[UQ p41].

3 A reformulation that would also raise questions concerning a critical articulation of mathematics.

Zin
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Popper regularly comes back to give explanatioasa descptive leveli of his

concern with fAstandards of trutho. ALearn
scientists and mathematicians proceedo, gi
mat hemati cal background of physicso: progr
new theoretical and mathematical fhfeans for
As he describes his notion of metaphysical research programme, Popper makes

the foll owing comment: there have been Act

what a satisfactory expln at i o n °sThioapgdlied with epicial pertinence

to questions of what can be called the metaphysics, or foundations, of
mathematics. A central question here is whether or not formulations of
mathematical problems constitute the leading ideaseini¢éwelopment of the
philosophy of mathematics. In sketching the nature of this question, | will look at
the proposals put forward by Arpad Szabo6 and by Popper as regards the relations
of early Greek [lonian and Eleatic] cosmology and mathematics.

P o p prelationsto Szabo (as well as to the work of Imre Lakatos) itself needs

some outlining. Popperos early distinctior
mathematics and deductive methodology in science needs much revision in the

l i ght of L ak a¢nvatitpo a deleatidof refutatian m éhe logic of

mathematical discoveiiyon the importance, that is, of countstamples to

proofclaims in the progressive development of mathematics. | do not know when
Popper first becanmnébustthisavoudraséande ab- 6s wor k
perspective on the development of critical r A h a r darghmentsin n g 0

Eleatic philosophy, including problems in the philosophy of mathematics. These

issues could be pursued piecemeal, but many of these questions camtegu

single perspective by introducing what Popper called his theory of transference.

Popper proposes a theory of transferénoae that is central to his theory of

science, and to his account of mathematics. In fact he proposes at least four such

theories, and they stand in relation to each other in the form of a critical
progression. This is an important method f
met hods of &dppdeschdobes the method he pr o]
l ogi cal p r oslatead (my italics) the sfibjectiaeror psychological

terms é into objective termso. This gives
to Logic. It should be noted that this involves a-@rag relation. (2) Popper then

extends this initial parallelism toralation of transference between problems of

scientific method and problems of logic. (3) He then augments this by a further

4JUQ pp 89 andL31, and N205].
5[UQ pp150151].

6Szab- had published a series of papers starting i
work by 1959.

" KRP: Objective KnowledggOK pp6-8].
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extension to a transference between the history of science arftd Rigialready

there are some difficulties: they arise fromthp hr ase fAwhenever | ogi c
are at stakeo, or rather from a combinatic
probl ems are at stake € what is true in |c¢
hi story of scienceo. Tthedirstphrasd operatingg s t hat t

on the left hand side of the relation, ruins the transference®laim

Actually, Popper drops the first clause as he gives his version of hiproweiple

of transference Awhat i s true i n | ogilythisi s true 1in
moresuccinct formi as well as avoiding the difficulfiy requires a generalisation

of his initial claim. He moves to such a generalisation: and it iRigther

generalised pr i nci pl e of transferencéeénqgHetcall s
generally, what holds in | ogic also hol ds
here contains a new qualificadtndafter Apr ovi c

this conjecture, it is straightforward to propose the further transferences of form

(2) and (3)0. Popper in fact extends these generalisations even further. This can

be best seen in his [somewhat earlier] re:¢
London Colloquium on the Philosophy of Science ofi 1dly 1965. Popper

found Sz ab - éxstencd ohtramsferenice relations between Euclidean
geometry and El eatic |l ogic Avery interest:i
particularly at the question of the origins of axiomatisation, but again Popper

generalises this problesituation to that of the éstence of transference relations

bet ween Euclidbébs geometry and Il onian and I
existence of a series of transference relations of this kind is a statement of the

philosophy of mathematics: a statement within a prograinmi¢éhin a

metaphysical programnieof mathematics. So we have here a series of

8 | have elsewhere described an identical form of transference befvgyehoanalysis and
mathematics. The elements on the analytical side that require translation into mathematical
structures are associative pathways (or logical thread, or signifying chains).

At best the falld subject i vikue of som& erspedified o mes s o me
logic. KRP was aware that there existed a wide class of logics, and that establishing a priority

amongst them invoked a metaphysical series of claims about the problems of mathematics. He may

not have been totally aware dfet great multiplicity of contemporary logics, or of the variety of

mathematical theories used in constructing very many of them.

YI'n proposing this version, KRP takes it that he i s
expectational andoinientati 8ee [ OK pp26 and 80].

11 There is a need for the availability of certain functions to be able to be able to carry out such a
programme. Its development would involve the introduction of a metaphysical programme for the
theory of sets includng some assumptions as to the question
[extending even into the theory of large cardinals].
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problems involving the philosophy of mathematics, and the relations between
logic and the structure of the mirtd

Any solution proposed to pr dbol ems tohfi st he
domain would hopefully provide an initial account of the autonomy of

mathematics, allowing problems of the philosophy of mathematics to find their

roots in mathematics, rathétan proposing that a prior philosophy direct the

orientation of the mathematics's.

Popper has set out a transference between the psyche and logic, and given the
nature of modern logic, this is effectively a transference relation between the
psyche and mathematics. His proposal of course is for-vapdransference
relation. The work of the Hungarian psychoanalyst Imre Hermann has

extended this notion to a tweay transference relation between

psychoanalytical structures and mathematics. | have elsewhere given accounts
of the mathematics that would be involved in this, gsmpart the work of

the Irish mathematician William Rowan Hamilton.

{Some of the themes involved here are: Transference in Dugald Stewart from
1811; in Freud from 1891, in Hermann from the 1920s onwards. This theme of
transferencé in its originalphilosophical and then psychoanalytical and then
mathematical aspectss at the centre of the problesituation of the
formalisationi that is, the mathematisatiérof psychoanalysis. On these
accounts, the problems of psychoanalysis can be solvedrsdting them into a
corresponding mathematics, solvingvhere possiblé the corresponding
mathematical problems, and translating back [andw&ea]. Any particular
theory of psychoanalysimiathematics transference can itself be tested by the
ascertaing of clinical results. If such a transference is-tmay then it is also at
the centre of a reconstruction of the problgitnation of set theory from Zermelo
onwards of course with a praistory starting in the initial years of the
nineteenth centyrwith Herbart}.

12 Clearly a central aim of these transference theses is to avoid any form of psychologism. | will
sketch an account of how this is damgng partial order relatiorisas developed for instance by
Sierpinski and Garrett Birkhoff (whose texts Popper worked on over decades).

13 5zabo at times seems to deny this autonomy, finding directive principles for mathematics in the

dialectic of Eleati political philosophy. A contrary view is put forward by Kanamori [in his

Appendix toThe Higher Infinit¢ where he may well be referring to Szabé as he distinguishes the
structure of mathematics from fit hdtheseradtiengti cal ¢t o
KRP i in his reply to Szab® seems to give an autonomy to cosmology: of course, he is here

referring to a cosmology that since the time of Thales and Anaximander has had mathematics
embedded intoitor , to use KRHMGwitt er ms, transferre
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As for the title of this piece: it asserts a transference between the cosmological

problems of the early Greeks, and problems formed by the pathways and chains in

the mind. This presupposes that a clear structure is available for the gystce

constitute the psychieand this has been generated by the mathematical

philosophy of Herbart, which is the starting point of a programme that goes from

Herbart to Riemann to Dedekind to Zerméta. routeit discovers the modern

theory of topologyand builds set theory [the notion of cha&ia technical notion

ofchainii s at the centre of Dedekindob6s set th
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On Situational Logic as a Method in a World of Propensities

Arne Friemuth Peteen

Universty of Copenhagen
afpetersen@free.fr

Human knowledge, like animal knowledge, is uncertain.
Scientific knowledge is very much hypothetical. Still, people
love certainty. And so, it seems, do some mathematicians.
(For example, they like proofs.)

POPPER about 1990.

Not being a mathematician, it is, indeed, a relief for me to have passed the gate of

admission for participating in this Symposium. Despite the announced handicap,

and far from being certain, | trust, however, that the following sleatifbnterest

to the meeting, as PdstscdpttaThelLopicohvi |y on Poy
Scientific Discovery1982 83).

In what follows | shall try to show that there is a link betweeridba of
propensityand thedea of situational logievhich may besummarized this way:
situational logic is a method by means of which we may discover causal laws of
phenomena, or other types of lawful interactions, between phenomena brought
about by propensities at work in the observational or experimental situations
under investigation.

1. On Propensity Equal to Probability as a Property of Generating Conditions

Li ke the physical not i mopemsitydratvé attentiod of f or ¢
to the existence of unobservable dispositional properties of the wuatdnatter

has a tendency or disposition to realize itself depending on its own composition

and the surrounding fields. O6Propensities
writes, O6éas possibilities (or as measures
endowed with tendencies or dispositions to realize themselves, and which may be

taken to be responsible for the statistical frequencies with which they will in fact

reali ze themselves in |l ong sequences of r e

The propensity theg holds that probability ia property of the set of generating
conditionsthat constitutes or defines the sequence of the repeated events in
guestion. Such ¢6égenerating conditionso6, wk
or actual sequences of events, Popppr¢it, p. 34) views as oOa se
whose repeatedregliat i on produces the el ements of t
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would | ater say: Oopr
re it

p
Its physical al S

o

0]
e

Paper prepared for the Symposiufayl Popper and the Philosophy of

Mathenatics, Klagenfurt, Austria, April 57, 2018, but not delivered due to a
transport strike in Frandet he Aut hor s point of departur e
available afterwards to the participants for discussion.

Letme remind you of ilB)opemng exanspleandiBiL 0, pp. 9
explanation of these points: O0The cl assi ceé
system upon the following definition: fAThe
of the favourablgossibilitiesdivided by the number of all trequal

possibilties 6 Thus, the cl| as s possiilitiestatdéher y was abo
probability of the event #Atails turning uf
are altogether two equal possibilities anc
At @ai.l §he ot henotf poesr wisd . tFiomiBl arl y, the po
of throwing an even number smaller than 6
For there are 6 sides and therefore 6 equal possibilities and only two of these

possibilitess, t hat i s the sides marked 2 and 4,

number smaller than 6 turning upo.

But what happens if the die is loaded or if the penny is biased? Then, according to

the classical theoryé we can no |l onger sa\)
the two possibilities of the coin, aggual possibilitiesAccordingly, since these

are no equal possibilities in such cases, we simply cannot speak here of

probabilitiesin the classical numericalsengse. Ther e are still the s
possibilities; but they are now negualpossibilities butoadedor weighted

possibilities; possibilities thanay be unequal and whose inequality or different

wei ght may dbe assessed?é

The idea of weighted possibilities, Poppieid.) argues, is fundamental for a
more general theory of probalkdudlity. 61t i
possibilities cou and should be treated as special cases of weighted possibilities:
obviously, equal possibilities can be regarded as weighted possibilities whose
wei ght s hap p*Ascasesof ldaded dieg and humah life tables show,
it is, Popper (1988a, p. 123) says, necessary to develop a probability theory to
account for the different ways in which both inanimate and animate matter appear
in realizing themselves according to their weighted possibilities or propenAities.
general theory of probability sed for working with weighted possibilities would
therefore be of great use in all the sciences, in physics, biology, economics,
history, psychology and so on.

‘N

The step from weighted possibilities to the propensity theory of statistical events
can now be r&d out from the following fours points, stressed by Poppecit,
pp. 11 12):
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(1) o661 f we can measur e twokumingupi gmt of t he
throwing a certain loaded die, and find it to be dhli5instead 00.16666 = 1/6

i then there mst be inherent in the structure of throws with thigdiea t endency
orpropensitt o r eal i Zwo tutnihgeupe v dtt @M s small er t han
tendency shown by a fair die. Thus, the first point is that a tendency or propensity

to realize an event is, meneraljnherent in every possibilitgnd in every single

throw, and that we can estimate the measure of this tendency or propensity by

appealing to the relative frequency of the actual realization in a large number of

throws; in other words, by findingut how often the event in question actually

ocCCurs.

(2) So, instead of speaking of thessibilityof an event occurring, we might
speakmore precisely, of an inhereptopensityto produce, upon repetition, a
certain statistical average.

(3) Now this inplies that, upon further repetitiGnupon repetition of the
repetitions’ that the statistics, in their turn, do show a tendency tov&iadislity,
provided all relevant conditions remain stable.

(4) Just as we can explain the tendency or propensitynafgmetic needle to

turné towards the north by (a) its inner ¢
carried with it by our planet, and (c) friction, etdn short, by the invariant

aspects of the physicsituation so we explain the tendency or pemsity of a

sequence of throws with a die to produceé
inner structure of the die, (b) the invisible field of forces carried with it by our

planet, and (c) frictions et¢.in short, by the invariant aspects of iteysical

situaton t hat, is, the field of propensities

The tendency of statistical averages to remain stable if the conditions remain

stable, Popper considers to one of the most remarkable characteristics of our

universe, and he concludes that this characteristiooanbe explained by the

propensity theoryibidem); by the theory that there exist weighted possibilities

which are more thapossibilities and, in fact, areendencies or propensities to

becomerealPa aphrasing Niels Bohr, we may say:
creating the world, be sure they were | oac

As an example, we may consider a table by Peter Medawar (1986, p. 196), which
shows how our life expectancy may be considered an outcome of pragseasiti
work during the lifetime of human individuals, and how in principles such
propensities may be assessed with the help of the sciences inviadbézl 1gives

an overview of the life
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Period Mean Expectation at Age
0 60 80
1755-76 Male 33.20 12.24 4.27
Female 35.70 13.08 4.47
1856-60 Male 40.48 213.1 3.12
Female 44.15 14.04 491
1936-40 Male 3N 16.35 5.25
Female 66.90 17.19 5.49
1971-75 Male 72.07 17.65 6.08
Female 77.65 21.29 7.28

Table 1 Mean Expectation of Life of NMizs and Females in Sweden over Two
CenturiesFor Medawar these cumulated results are sufficient to show that life
expectancy depends on genetic factors, or propensities, that always let women live
a bit longer than men, and on factors, or propensitigbeahilieu, as described

in the text, even though it is difficult to arrive at precise estimations of life
expectancy in a von Mises distribution or a Weibull survdiatribution over

individuals plotted in according to their own aféor a criticism 6this

interpretation, see Miller, 2016, p. 23&3pectancy of men and women living in
Sweden over the last 200 years. It appears that life expectancy for different age
groups (0, 60 and 80) has increased markedly, bringing the expectancy for men at
80upt o 6. 08 years in the 197006s and the
years in the same decade. While the continuous differences between life
expectancy for men and women, where women always seem to live a bit longer
than man, reflect certain genetispositions, the overall increase in life
expectancy over the |l ast two centuries
factors, as Medawar would call them, such as new forms of medical care,

nutritional factors, improvements in the care of childrenelddrly people, etc.

Now, in considering this case of I|ifeo0s
answer an important question of method, namely: does there exist a fihethod

an instrument like a pair of scalieshat can help to find out thectual weight of

the weighted possibilities? Or, does there exist a method that allows us to attribute
numerical values to possibilities that are unequal?

As can be gauged from what has been said so far, the ansyes &statistical
methodi providedwe can repeat the situation that produces the probabilistic

Wi

u

exp

r
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events in questioand provided that the propensities remain constanprovided
the events in question repeat themselves, without our interference.

2. Situational Logic as a Method of Analysis

To this, | now wish to add that we also have to know which of the repeatable
factors (parameters) to look for and pick out in order to find the regularities of the
phenomena we are interested in.

It is here, in my opinion, that situational logic comegdlat is to saywe need
analyses of the situation in which the propensities are at work in order to be able
to specify thénitial conditions and factors of importance for our experimental
setup or for the way irwhich we carry out the observations weshvto repeat.

The met hodol ogi c a lideavof sguationaldolgids theltheBi® p per 6 s
that even events taking place in, say, complex social settings may be explained by

a rational reconstructiorf the situationi.e. by finding out which are the

contributing factors responsible for the events we have observed or recaded

more generally: what isnplicit in the situation (Popper, 196Y963; 1994).

According to this view, interactions between people will, by and large, be

explicable by genetidispositions to act and by in situational factors such as

spacetime parameters of thghysicalenvironmenplus customs, traditions, and

institutions of thesocialenvironmenplusactualized intentions, aims and goals of
theindividual agents of the siation. Thus Popper does not excludelilte
psychologicakituation of the actor in question, his needs and dispositions to act.

What Popper (1966Ch. 14 tries to play down, however, is the eventual
contribution t o t bubjecseworldaftexperieanceenf t he agent
order to predict the course of a man crossing a busy street, he argues, it is more
important to know the relative movements of cars, trams, lorries, etc. in the street

than to know what the subjective experience of this manhie e is crossing

the street.

The kind of explanation offered by situational logic will be of the form of a

generalized historical accourh. Thi s means that the situatio
finds himself] is supposed to Ibgpical rather tharunique [And] thus it may be

possible to construct at times a simplifireddelo f  t h e (Poppey 72, on . 6

p. 270.) OModel 6 is here used in the sense
conditions and of typical relations between these conditions. plsysics,

model s have to be animated by some o6dri vir
events and predict singular events. Such singular events can then be explained,

even if the animating principle or driving force may only in part be explained.

Among posile animating principles famodels of social interactions between

people Popper has proposed the aforementiagaéidnality principlewhich, in its

weakest zero formulation, states that OG6AGQgEe
to the situationinwhic t hey find themselves. 6 (Popper,.
Admittedly, this formulation does not tell us very much, and it does not assert that
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human beings always aettionally. It is rather to be considered as a consequence
of the methodological view that we shdiry to explain human action in terms of

the objective features of the situation in which theyi antluding the objective
aspects of the agentsd understanding of ttF
expectations and aims. The rationality prinei@ not, then, a testable hypothesis
about reality; for being only an approximation, it cannot be universally valid, and
so must therefore be false. Often, however, it may be sufficiently near the truth to
provide a first explanatiod e f e n d i n ghoiPecopkpepingdhe rattonality
principle despite of its dubious status, Lagueux (2006, p. 203) has argued that the
principle cannot be dismissed and replaced by some principle that admits
irrationality without making our understanding of social phenonapassible.

Models of social events, which are animated like this, may be seen as a general
substitute for universal laws, which the social sciences have had such difficulty in
finding. Such models are necessarily rough approximations to the trutlyas the
are usually schematic simplifications of real life situations. For this réaand

also because the rationality principle is only an approximéti®opper warns

that tests of social and behavioural models are neitheraléaor easy to obtain.

Thefollowing theoretical considerations, and the examples from behavioural
science irSection 5will further indicate why this might be so.

3. More on the Speci al Case of Propensiti e

The idea of propensity draws attentiorthe existence of dispositional properties

of physical and organic entities, or, as mentioned above, that matter has a

tendency 6to urged depending on its compos:s
Propensities are thuslational propertiessince they are dermined by the total

set of generating conditions pertaining to the entire system under consideration,

not only to dispositional properties inherent in the individual entities. (Life

phenomena may be compared to chemical affinity, crystal formation, iasmot
pressure, and resonance that may) be said e

Popperds modi fication of the frequency i nt
allowed the conjecture that probabilities are dispositional properties of the

generating conditons of the situation in question. The modification further

permits an interpretation of the probabilitysigular eventgas properties of the

very events themselves, and where the probability is to be measured by a

conjectured potential or virtual $istical frequency rather then by an actual or

observed frequendyas Popper (1983, p. 356) expl ains
singular evena possesses a probabiljpya, b)owing to the fact that it is an event

produced, or selected, in accordance withdenerating conditions rather than

owing to the fact that it is a member of a sequdmde this way, a singular event

may have a probability even though it may occur only once; for its probability is a

property of its generating conditions: itisger at ed by them. & The co
which the singular event occursvhether we think of the event as a member of

potential or virtual sequences of repeatable eviehts/e to be visualized as
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endowed with a tendency, or disposition, or propensity, tdym® sequences
with frequencies equal to probabilities, which we may be able to calculate.

It is at this point that the importance of the propensity theory for the life sciences
becomes particularly obvious in that the different strains of organismsesréose
form sequences of repeatable entities while, at the same time, each singular
organism can be shown to possess distinctly individual properties.

As a case of special interest Popper (1982, p. 209) considers the problem of
explaining the organizatiofo | i vi ng matter in discrete in
organi sms €& wi t h t hedachingsautarky hageeoftec hearr act er ¢
compared to crystals; and indeed, they could be compared with physical systems

that are endowed with strong propensitie retain their character as relatively

autarkic systems we mightcall these peculiar propensities towards autarky, with

their surprising independnbhateate of envi r onme
propensitee of t he system. Th egtiesare,of couesé;at i onal ,
and yet, they do resemble Aristotleds 1 nhe

other physical or biological propensities. (This is no accident: Aristotle was a
bi ol ogist.)®o

Following the propensity theory it seems possiblestiargly to ascribe, say the
capability of migrating animals to move in certain directions, to a kind of
O6magnetic effectd which, as it were, r
kinetic | evel by an o6inherent @haspensi
upon these more chantike physical propensities, thereby leading the animals to

their chosen habitat. So, when we move from the inanimate to the animate world,
there seems to be an increase in complexit
now ¢éi setthat this kind of é superposition
already plays a role, in a rudimentary way, in classical physics- @obdies,

osmotic pressure, resonance); and we can therefore form an intuitive idea of how

it may fit into our physiclworld, and yet transcend it, by superimposing upon it a

hierarchy of purposeisa hierarchy of systematic and increasingly purposeful

bi a fGpscit, f. 210.)

ot}

epl
tyo

Examples of organic processes conducted by propensities, or system of
propensities, are nugnous. They may be found in what organic chemistry

(Fairlay & Kilgour, 1966, pp. 2681) describes amnzymeepressiorandenzyme
induction where the production of a particular enzyme is regulated in accordance
with either a surplus or a lack ospecific compound in the vicinitMore

complex still are the propensities guiding the diffedregmical cyclethat are

active in the metabolism of an organism. In case there is a disturbance of the
normal functioning of such a cycle, the system of pngities may adjust itself in
order to reestablish the normal functioning of the cycle. We may say that the
propensities reveal t heeswadishthesormbly t he Oef f
functioning of the cyclé.
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Biological structures are not determimngsstructures as they change according to
developmental prprogramming of the individual organism and with the

dynamics of the environment. Even in identical twins, we see tpatetically
identical system of propensities comes to manifest itselbinlagically different

way during ontogeny as a result, for instance, of a developmental difference with
respect to the resistance to various
of the twins to reestablish health after periods of disease may cadseersity of
immunity towards a number of diseases in the two individuals. Furthermore, it is
known from the literature that, as early as 8 years of age, one identical twin had
become a diabetic and the other began to develop obesity (Williams, 1956, pp
11f)

Thus propensity refers to relative probability with regard to both individual proper
ties and that of the life situation of the individual. On the human level both types
of propensities may be subject to chance caused bymade interventions. For

this reason the death risk of people with a certain illness may be greatly reduced
(or if unlucky: greatly increased) by the invention of new medical aids and
changes in the environment. As before, we can speak of relative probabilities
summarizing the daome of all the forces active during the encounter between
the individual and his life conditions. Although greatly simplified this type of
calculation can be read out directly frdife tablessimilar toTable 1 above,

which are used by insurance comigarto fix the life insurance fees of people
according to their state of health. The contents of such tables change with the
invention of new medical treatments for a given illness. Life expectancy is thus a
propensity class on which statistics can be dased this, in principle, is the case
for all biological (including behavioural) characteristics.

What counts in the o6life tablesdé of
individual survival, whereas in biology in general stress is put on the suofival

the species. In both cases, however, life manifests an urge, a propensity, to realize

itself and survive as long as possibler as Popper (1992,

things |living are in search ofina better

which the propensity theory may clarify the agjd assertion that organisms
struggle to survive in worlds with different selection pressure.

4. Steps from Chemical Propensities to Organic Preferences.

Variations of propensity and form in the mineraddgdom, and their subsequent
limitation, seem to have been necessary conditions for the origin of life. Not

surprisingly, Popper considers t
be a question of reproduction. Logically, therefore, the questi® Wh e r
start?6 has to be answered: oLif

The argument is that as long as natural selection is considered to be the main
factor responsible for the evolution of lifaight from the beginning a more or

less similainternal selectiohseems to be logically prior to natural selection

itself. In other words, if such a selection did not exist in some crude form even on

nsur e

he real
e does
e starts

y
i

W (

f
!
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the chemical |l evel , |l eaving a variety of r
would not have been gnmaterial for natural selection to work on, and

consequently no improvement of life, in the sense of adaptive changes, could have

taken place.

So, at first, natural selection has to improve the closeness of reproduction, partly

in order to enforceitsomaf f ect s: o601 f reproduction i s no
(1988b) argues, Onatural selection cannot
property which at one point in time had proved unfit could crop up generations

later in spite of being eliminated by nedl selection at the first instance. When,

however, as it happened, the results of adaptation by natural selection are retained,

it may be said that reproduction within the strings of life considered is fairly

close. 6 Similarit yoredé seenagthe actidentdl stavsting c an t h e
point of life, whereas assimilation and growth are to be considered as mere parts

of a solution to the problem of reproductibas a means of establishing some

sort of reproductive unit or seléproducing device.

From this logical reconstruction Popper conjectures that the first reproductive unit

was a kind of very small chemical machine, something like RNA, the reason

being that RNA develops chemical activity and that it seems to come before

DNA. Still, such protetypes of chemical machines are likely to have been more
primitive than RNA. Fol |l owi6é)idgea&c hr ©di nger ¢
crystals as possible ancestors to living organismsand €ams t hés (1971) mo
recent idea about clay pores as4liwimg geological formations, which give

prototype RNA an opportunity of reproduce itself, Popper (1988b) embarked on

the following idea about the origin of lifee. for precellular living structures not
necessarily equipped wit hthamemicrad ndesd: A& Acec c
|l ogic of the origin of I|ifed it may be cor
were chemical cycles, some short strings of, say, aagitbequipped with two

main propensities, or tendencies, which amount to more or less the $ame: (

tendency for the organism to double itself in length, and (2) a tendency for the

organism to double itself in such a way that it can split. These two tendencies for

making a similar reproductianwhich could be the logically first tailors of

naturalselectioni may have been particularly easy to realize in an ecology of clay

layers in water, where these chemical strings could spread over the porous

surfaces, perhaps utilizing the porous clay both as an equivalent of a membrane

and as a means of limitjy the variability of the reproduced organisms. It is

conceivable, though only a guess, that this early form of life made use of a
precursor of the copying©®lgeaswithait f ound i n
saying that many more processes had to be adgfecelthis small chemical

machine could become autonomous: enzymes had to be invented, enzyme

producing devices and codes had to be brought in to stabilize growth and defence;
membranes were needed to envelop the whole organism and make external

drifting around part of new ways of life for, at first, the bacteria and the protozoa,

and later, in the metazoans to further internal division of labour between separated

parts of the organism.
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Although any idea or theory about the origin of life is bound to reman

testable in the strict sense, even though we may happen to be successful

experimentally in showing that it coutebt have happened the way sketched

abovei and that we have to think aew to hit upon a better hypothesis

analyses of the logic dlie origin of life may, however, yield useful working

hypot heses about not only |lifeds origin bt
general. In fact, such applied situational analyses, or explanation in principle, are

important parts of the propensityeory applied to organic processes.

Another consideration emerges from what has been said so far, namely a
hypothesis about the evolutionary significance ofpteferences of organisms.

As mentioned in note 4, complex systems of preferences are usaalght to

have evolved only in higher vertebrates; however, it may be argued that
something corresponding to preferences comes in already with the first
organismdike creature$ not, of course, as functionally as the behavioural
preferences behind,saayr 6 s (1963, pp. 89f.) dbéet hol oc
mechani sms o0, b uddfacwHpoeferencdfora gertdinikikdeof habitat
can be said to exist when the reproductive tendencies of our first chemical
machines turn out to be successful on only gpe tf geological formation and

not on another. As maintained by Campbell (1974, pi 8381 the main point of
preferences is that they influence the activity of the organisms, and that the effects
of similar preferences in all (or practically all) mengef a species can be

measured also in the evolution of the species. That behavioural preferences can
have a downwardausation effect upon the genetic level has not been realized, let
alone recognized, by all biologists and theoretical evolutionists.

Thetitle of this section may be understood to mean that the propensity theory may

explain everything from chemical bonds to dispositions of organisms, but this

does not appear to be easily done. For although propensities and dispositions are

alike, because hey can both be specified as Opossi
tendencies to realizethemselg (i n | ong sequences of repec:
propensities have got rm@mswhereas dispasitions are always ainhor goat

directed. Propensities and dispositions, such as preferences, are therefore not

homological metaphorsHow and when aims came intiee world is not yet
understood: O0The near esnorgdnicwoadistkei m we may
tendency for, say, a gas to arrive in a state of equilibrium. But here there are at

least two decisive differences in relation to the aims of organisms: (1) The

tendency for a gas to arrive in a state of equilibriunpisan activity and (2) an

equilibrium state in a gas doestcorrespond to an organic state like

homeostasis, since the equilibrium state is characterized by a maximum level of
entropy, while any kind of Iiving state of
(Popper, 187.) What is more: aims of organisms are only rarely attained, so the

equilibrium state of a gas cannot correspond to an organic state like homeostasis.

The activity of organisms may thus be described only partially by physico

chemical principles. Organactivity is problem solving, and the activity of

inanimate matter is not of this nature.
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5. A Preliminary Analysis of Life Situations, With lllustrations From Behavioural
Science and Anthropology

Situational logic in the life sciences is concerned mainly with questions of how
organ isms solve the problem of adapting themselves to varyingdifelitions.

Il ndeed, one of Popperoés (1974a, p. 134,

natural seleton in the Darwinian sense only works as a powerful explanatory
system because it is, in itsedfcase of applied situational logfc

By applying situational analysis it is possible to refine our search for factors that

have been or are of importance¢ouch adaptati on, as G¢gnter

(1987) biochemical theory of the origin of the first ligi@nsitive cells shows so
magnificently. Multipleforms of interaction take place on different levels of
selection when organisms adapt themselves tertieonment. The question now
must really be: what are the important factors on a given level of interaction, and
how has the resulting adaptation coabeut?

Although the situational aspect of the propensity theory is most important,
situations have beenuch less dealt with in situational analysis than the logic of
it. In trying to make up for this, the following preliminary analysis of problem
situations, based on ethological methodolddgscribedife situationsof animal
species as being of two matategories:

() Repeated specigsy pi c al (6a priorid) situati
(i) Singul ar or repeated (6a posteriori d6)

To these biological problem situations we have to add a third, and very different
category of situation, namely that of

(i) Singularor repeated exosomatically constrained situations.

ad i. In such speciegypical situations, repeated over generations as part of their
life-conditions, the genetic endowment of members of extant species is supposed
to have evolved through natural selentas solutions to problem situations
belonging to the history of the species. This will hold for spegjeisal organs

and behaviour patterns of most spedi#@mno sapiengcluded. In other words,

the genetic endowments are the resulong-time probem solvingn, or

adaptation to, speciggpical life situationsi.e. to situations that each and every
individual of the species had to face some time or other during its lifetime. This
may be how both the resulting organs and prokdetwing activity, vhich may be
observed in presetltay individuals of the species under consideration, come to
follow something that resembles universal laws. It is sucHikeabehaviour

typical of the species, together with the typical set of organs of each individual,
which make up the initial conditions for any new attempt at solving problems for
these and later specigsembers. In this sense, the phylogenetic results of problem
solving in the past can be called 06a
generation oindividuals, they influence organic growth and behavioural

proi

ons

or
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functioning to a high degree. The counterpart of the initial conditions was
provided by the changing ecosystem of each generation of the species.

ad ii. Singular or repeatddarning situationsnkae up a c¢cl ass of Oever
situations which an individual may encounter in the typicat and social system

of the species, and also of situations that may be encountered less frequently,

perhaps only once in a lifetime. They are problem situatiorieisénse that the

individual comes t&now them and their charactemly through encounters and,

as a consequence, may remember them positively if the problem was solved or, if

not, in a negative vein or with fear. The
designate experience or learning obtained during such encounters. It will be

situations of varying degrees of freedom in that both the individual and the

situation will be constrained either by limiting dispositions to act or by limiting

conditions of theituation. This is seen, for instance, when an individual is faced

with a given problem for the first time and then spontaneously performs, say, a
pre-programmed or previously learnt behaviour that turn out to be either partially

0t o t he pol il éenaepend onttheharttimeldarning capacity

of the individual, whether ghallmanage to make another, more appropriate,

trial. Another constraint may occur if the individual adheres too strongly to

something already learnt or imitated frarthers.

ad iii. Singular or repeated exosomatically constrained situations are such
Oeverydayd situations which, for exampl e,
manmade inventions, have been disturbed to such an extent that seme pre

programmed ordarnt solution to problems do not work any longer. The kind of

situations encountered by animals in most laboratory experiments, and those in

which many industrial workers spend part of their lives, are known to provoke

stress and stereotyped behaviourle/bnly casually or gradually rendering

gratification to the participants. In such constrained situations of individual or

joint problem solving, the participants ar
solution, which makes them miss the real eausf the misery. Nevertheless, it is

remarkable that living beings are able to solve problems in suchialmgical

and artificial situations. As Medawar (1957, pp. 96f.) pointed out, not all

exosomatically evolved systems and tools are evils asispethaps only their

misuse and othemintended consequenca®i whose genetic and organic side

effects we may, however, only come to know hundreds of generations from now.

In the remaining part of this talk | intend to recall three examples from

behaviaral science and anthropology to illustrate how human adults and children
maybehave appropriately to certain situations without knowing,\simce during
phylogenynatural selection seems to have provided the necessary syypaeas
(perhaps universaproblemsolving behaviour. The examples also show how
situational analysig as in thecase of Darwin, mentioned abovenay be

employed without the researchers being aware that they are using situational logic
in their research.
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(1) The first example isaken from a welknown crosscultural study by

Professor Irendus EHilibesfeldt (1972 01983 of greeting behaviour in

aboriginal societies and in the Western world. This study revealed that humans
use a quick and conspicuous eyebildtwhen they greeforeigners, when they
emphasize something during a verbal discourse, speak about something
astonishing, or show a positive (affirmative) interest or a negative (arrogant or
hostile) attitude towards others. All 28 ethnic groups investigated displayed this
kind of nonverbal communication during interpersonal encounters in the specified
situations, and it seems that we have here an almost universal way of showing
spontaneous interest in others, especially in critical situations such as greeting.
Despite itggreat social importance, the eyebrow flash is a mimic pattern which
primates andtHomosapiendgdisplays without being conscious of doing so. It is a
pre-programmed behaviour on which evolution seems to have put a high premium
in order to make these primatestter survive intrapecies and intandividual

conflicts. This assumption constitutes one part of the animation principle
necessary for our model to explain this presumed universal behaviour; another
part is made up by a schematic representation alifglegphylogenetical

relationships between various nonverbal expressions and their accompanying
affective statesHijgure 1). An interesting level comes in with human culture

where the same nonverbal signs have been interpreted differently by different
ethric groups; as the figure shows, the eyebrow flash is equivalent to a factual
6nod in Greek culture and to a factual O0ye
important for the present context to note that the behaviour in question is released
in the sameaype of situatior(Situation category)ithat, basically, is a situation of
surprise or greeting. Although eyebrow flashes also appears in other situations
their propensity for appearing in greeting situations may be considered very high,
approaching therpbability 1 for occurring.
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Eyebrow-flashing evolved
from friendly surprise
expressing a 'yes' to

social contact either
requesting it or approving
a request

Surprise —

eyebrow-lift \
Greeting
Flirting

Approving —— . Factual "yes’

Opening of the eye Seeking con- (e.g. in Polynesia)
accompanytng attention, firmation
the eyebrows being lifted .
as an epiphenomenon Thanking
Emphasizing

Eyebrow-lift =~ —— Expression of
evolved from indignation

annoyed surnrise\ )
\ Expression of

arrogance

Rejection . Factual ‘no’
Disapproval (e.g. in Greece)
Eyebrow-raising
when asking questions

Expression of curiosity

Figure 1 Hypothesis for the evolution of eyebrow movements into
communicative signals in man. (From Efbesfeldt, 1972.)

(2) In thel970sanother ethologist, Professor Hubert Montagner (1978), showed
that 3yearold children who played in a room with toys of the same kind, but less
in number than the number of children, or with a similarly limited number of
objects available, like low taldeposed on each other with the upper table turned
upsidedown, would have a high tendency to start fighting over a toy or a table
leg. This finding, interpreted with minor modifications in terms of the ethological
theory of aggression was, for a time, ddased almost a universal law. In the
early1980sJacqueline Nadel (1986, pp. 1@%) and Pierrdvlarie Boudonniére
(1988, pp. 7792), former students and colleagoéslontagner, showed that 3
yearold children, who had been given the possibility of plgymth different

toys, but always toys corresponding in number to the number of children in the
group, would spend most of the time imitating one another by picking up the same
kind of toy, but very rarely aggressing each other. This finding was explayned
referring to traditional learning theory, which claims that imitation is among the
first principles of learning. Comparing the two kinds of study it becomes obvious
that the difference in behaviour between the two groups of children did not follow
any d the animating principles put forward by the authors but rather varied in a
predictable manner as a function of the situatiae. the number of toys

available to the children during their time of play. What the animating principle
should be is, at prest, not clear but it is likely that we have to do with
spontaneous behavioural tendencies that are released in the individual child, much
like the eyebrow flash, according to the nature of the situaBiuation category

i.) However, much will dependnchow evolutionary, developmental and
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psychobiological theories manage to clarify such antagonistic and imitative
human behaviour.

(3) A tribute to Popperdés situational |l ogi
music, his preferred pastime activity. bfiitherefore end by summarizing a most

exiting story, brought home to us from the Upper Orinoco by the French

anthropologist Alain Gheerbrandt, about what happened when, on several

occasions, he played a Mozart symphony on his transportable recordtpltheer

Indians he encountered. (The presence of a record player did not change the

situation toCategory iii.)As Gheerbrandt (1992, p. 191) noted in his expedition

di ary, Mozartos music did not only win oVe
saved the life of the expedition, but music suddenly became the main objective of

the wholeenterprise since one of the mieensof the Yanomami tribe, who had

been deeply moved by Mozartds music, spont
group to start off toin-vawjtupheh&aneomaas st
called the Makiritares of the mountains of Upper Orinoco, aplgrwith the aim

of comparing their powerful musi c with t he

On their way searching for the Makiritares they encountered another fierce tribe

of the Yanemamis, and in trying to resolve the ensuing dangerous conflict,

Mozart had to be calleid to redirect the conflict in a peaceful direction; this

appears to happen thanks to an exosomatid tti@ record playeir and some

inherited preferences for tonal harmonies. For wBgmphony No. 26 (Kochel

184)sounded out again in the age old togpiforest, Gheerbrandt noticed how all

the Yanomami men, except two chiefs who remained on their guard, came along

and settled down close to him and the record player, lying on the ground or

|l ooking hypnotized at t he fteningeffectoy di sc: 07
them and us®p.citGheg.r b3 adh)dtwr(i tes, O6it rel ax
to make the soul breathe. It is oxygen at the same time as it is the most gentle

consolation. It drives away all fear, melancholy, the weariness ofiesuléte
exhaustion of the journey and the tough 1|
secret locks of our being, it relaxes and calms us down, it makes us feel like

smiling and talking gently, it makes everything come out with a thousand voices,
thousandcoour s, t hous anThe rhusic alpo dtttacted theswormgne s . 0

and children from their huts, and even the young girls cami® dake in

Mozartds musi c.

This description seems to me of the same nature as many ethnomusicological

findings made thisentury in different parts of the world. The possibility of the

existence of a universal musical semantics preferred by all peeglsept,

perhaps, composers and performers of modern Western music and rhythmical

sounds and noigeis not only in keeping #h other human ethological

phenomena, but also an important comment to the atonal fashions ofcidléedo

second o6Vi enn e siofwBichiPopper (1996, ppMd ant-22)0

has been particularly critiombhs Coul d it I
virgin habitats on our planeBituationcategory ), he evolved aesthetic

preferences which, in music, were spelled out in natural scales, rhythms, and
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harmonics like those still animating folk music and attuning the musical

sensitivity and comumicative musicality of people in unspoiled parts of the

world?°l t was at any rate thanks to Mozartods
(op. cit, p. 334) for some precious moments felt at one with the Yanomamis and

had a glimpse of how natural harmoniesl ahythms may prepare and adapt the

human mind to new and perhaps dangerous ct
really the universal language, as one says, but | shall never forget that we owe to a
symphony of Mozart those rare moments where the abysBldsip which

centuries and development have eroded between us, the civilized of the twentieth

century, andhem the civilized or barbarians of the stone age.

The examples used here illustrate that life situations, or scenarios, are indeed
capable of reasing reactions typical of humans at different ages, and they may
also serve to indicate the existence of basic motives for human behawvigur

what amounts to the same: the animating principles for our models of human
behaviour. The greater part okde motives are largely unknown or not
recognized, although we experience daily their effects on our own conduct. Their
way of functioning resembles that of chemical affinity and chemical cyces
analogy that becomes particularly tempting in casescbic, repetitious

reactions that implapproaches t@r withdrawals fromotherorganisms, certain
objects and situations.

Such human activities are typically released and execut@iduationcategory i,

where no learning is required of the agent, whmbst cases is quite unaware

thathi s own behavi ourandhappens tosdiva @ pablanshet o hi mo
may not be aware @ither.We may thus clagsehaviouralphenomena as

activities that argenetically preprogrammedso considered by the etholsts,

and asnherent propensitiesy Popper) and exempt of learning to a great extent.

Human activities found iSituation category ii and ijiiof which there are none

among the above three examples, requoresciously planned actiomisat most

often wil have beerearnt by the individual agent over a certain time. Unlike
behaviouractionsare not onlyplannedby the agent (a case of downward

causation), but are typically also higldgnscioudo the actor when carried out,

unless they have become auttic like speech movements wittientionand
consciousness now focussing on the messages to be conveyed. Not surprisingly it
is inthis world ofactionsthat we also find the major part of human knowledge,
acquired by trial and erralimination, and whe the individual actor may try to

come to grips with situational analysis and its logic.

6. In Conclusion.

Explaining his schematic repreélsentation of
Popper, in a private conversation around 1970, pointed out to me how great the

importance of weighted probabilities must have been, and still is, between each of

the so far specified stages of cosmic evolutidrom subsub elementary

particles and elenmeary particles cooked in the stars and resulting in atoms, to
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molecules, and further to liquids and solids condensed in space, to crystals and the
first living creatures on earth, virus and bacteria, and further on¢alkal lower

and higher animals Wi their gradually emerging conscious life. From one stage

to the next there appear new higharel entities which, seen in thearview

mirror, must have been most improbable since so many other possibilities could
have been realizédpossibilities thawould perhaps not have led to either

mol ecul es, or |liquids or solids, | et al one
in a creative universed6, he said, dédon a wc
were highly i mprobable before they arose. ¢

As we have seen, this view of the world which Popper (1990) specifiad, as

world of propensitiesimplies, among other things, that the so far emerged

phenomena exeatsattownwaetifects upon the coc
phenomena take shape ampgpear.So there is always something new under the

sun, thanks to downwarhusationt? The universe therefore has a history and an

evolution, admittedly an evolution that is hard to follow and foresee, due to our

lack of knowledgé although a surprisingumber of laws have been found by

scientists using methods appropriate to the logic of situations in attempts at

reducing explanations of hightzvel phenomena to explanations of loverel

phenomena.

By these reducticmethods science have taught us mabout the world, but as
Popper (1974b, pp. 2781) argues, this does not mean that any given
phenomenon shall be completely reduced a la Demodriirse all attempts at
reductions can be shown to be only partial. For this reason we cannot be
philosophcal reductionists but onlynethodologicateductionists.

According to the propensity theory, one of the driving forces behind cosmic
evolution is the enduring tendency of matter to realize its many potentials under
conditions that change gradually or giitty due to outcome of this very same

urge of matter to realize itself.

Notes

comment s, for w
oag byesttkeri N such a
ould be At wice
9 for 1, 3, 5.6

!Among Mr. David Millerdéds valwuabl e

my simplified way of considering loaded digsa di e may be |
geometric analysis, we can show that-edd mber ed si des sh
numbered sides. lnat case, the probabilities would be 1/9 for2, 4 6,d 2/

2David Miller (2006, p . 159) has el aborated Popper
most situations a given agent acts o6in a state of
deluded. There is accordingly always some looseness inwhathown si tuati onal anal y:

Although the agent may know a little he is always to some extent ignorant. It is in this sense that
trial and errofelimination, conjectures and refutations, is a kind of situational logic. This means that
0t he gfolwbhbwl edge is a more gener al phenomenon t ha
of evolution is therefore nQprit,p.256.y ri cted to biolog

5This conception of oO6urged is somewhads enhl1®GYP)led co
uses in his interesting article.
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4 This also holds for the life cycles of developing organisms, and the effect of propensities will here

reveal themselves in the controlling effects of genes. In his lightly disguised autobiography, Bonner

(1993 p. 93) has this comment without, however, me I
control elements for the [superstructure of] chemical and physical processes of development;

without the genes calling the shots there would be chaos. The genestgkattthe development

of a nematode is different from that of a fruit fI
one |ife cycle to the next for each of these organ

SWith the evolution of multicellular organisms, systems of anticipatior feedforward will have
emerged leading tdehavioural preferenceswith their downwarecausation effects upon the
reproductive unit, and thereby on the subsequent composition of the population. In other words,
behavioural preferences contributed te tiverall selection pressure on the organism in much the

same way as O6internal selectiond exerted a pressur
(For d6éinternal selectiond and d6externd®/dsel ectioné
vol . I, pp. 138f., or Popper, 1976, pp. 173f . ; 6 d
pp. 1421))

61988 also saw the publication of G¢nter W2achters
T e mp |, avhee thé material support for thest primitive organisms is conjectured to have been
pyrite, not clay.

7 Whereas propensities and dispositions are hwwhological metaphors, they are nevertheless
analogicalmetaphors, as signalled by the title of this Section, and one of the aims of the sciences
implied is to findwherein the continuum between propensities and dispositions they obtain a
homological character of similarity.

8 To the disappointment of manyagers, thrillers often turn out to be rather trivial, and Darwinism

considered as situational logic is apparently no exception, as Miller acutely has it (2006, p. 159):

6Since Darwinism is the applicationandperhapenj ectur es
at higher |l evel s, it too partakes the triviality o

Et hol ogi cal met hodol ogy i s ¢ ha-space.tTeerappmacdis by it s f |
ecological and the ethologists study animals in thatural habitatsas far as possible. Thamit of

studyis the organism in its lifspace or speciggpical life-situation. What is of interest to the

ethol ogi st i s not the animal 6s reactions to stimn
behaviourism), but ratheré¢h a n i ma I-tgpal l=elpaeiaur ireraation to significant objects in

the situation, and its business with other living beings in itssfif@ce. That is, behaviour which is

|l argely O6gmemaedriamrhd d6 pared i ndep e nthissapproachtis!| ear ni ng.
possible to identify basic HKHdmbsapidntholuded. i n a gi ven s

0From the point of view of folk music, the uprooted and artificial nature of modern atonal music
becomes c¢clear from the words of B®la Bart- -k (1932
tonal. Folk music of atonality is completely inconceivable. Consetlyy music on twelve tones

cannot be based on folk music. d

111 ater included in Popperl(9 77) , as Table 2, o6Biological Syst ems

“David Miller (2018) agues against this by saying:
the question is whether propensities at later times are functions of propensities at earlier times,

updated by conditionalization. | suspect not, and that genuine chance plays a role, in which case we

are not living in a world of propensities alofieln the present (nesubjectivist) context, what is

meant is that when the evembccurs, the propensity of the evénthanges from p(h) to p(h| e).

This is a terrible oversimplfication, since it is rare that the passage of time is associated with just

one event, or even an easily spdieid event. The view that | disagree with is better put by saying
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that the propensity of an event at a later moment is determined by the class of all events at preceding
moments. 6(See further Miller, 2016, A2.4.)
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Psychology of Reasoning, the Logic of Discovery,
and Critical Rationalism
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HugoMer ci er and DaThe BEhgmaobReasdddl7)roersa n t

radically original but already much acclaimed account of the psychology of

reasoning. Its hypotheses derive from the impetus of work that Karl Popper
unintentionally initiated. Mercier and Sperber explain reason in a way that,

equallyunin enti onally, echoes Popperoés | ogic
his whole critical rationalism. Without realizing it, they show in new ways why
Popper s breakthrough idea and his wider
much.

To anticipate: Mercieand Sperber propose that reason is not a faculty to lead

individual minds toward right decisions and true conclusions but a socially

evolved capacity to solve problems of cooperation and communication in the

hypersocial species we have been evolving iReason works in lazy and biased

ways on our own individual reasons but becomes much more alert in critiquing

the reasons others propose. Popper too rejects reason as a faculty of individual

minds, and proposes instead rationality in social terms, a readmésten to the
criticism of others: fAreason, |ike | angu

of

a ¢

|l ifeé we owe our reason, | ike our | anguage

1966: 225).

In 1966 the psychologist Peter Wason, at University Collegeldwo, introduced

the fourcard selection task now known as the Wason selection task. He thereby
initiated the modern psychology of reaso
become the psychology of the Wason tasko
Popper, tedung nearby at the London School of Economics, and especially by
Popperds account of the power of falsifi
whether people were naturally inclined to seek falsifications. No, they were not:

on average a mere 116% ofsubjects, when invited to pick which cards would

test a simple fAruleo in the card system,
|l ogically falsify the rule. Wasons6s wor
reasoning, whose results have been casistnd insistent in the hatentury

since: people reason very badly, in lazy and biased ways.

Nevertheless, the recent psychology of reasoning has been much poorer at

ni

C ¢

C
k

explaining than at simply uncovering reas:c¢

convergent explanations of human syllogistic reasoning have not shown why
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reason, if its function is to inmpve individual conclusions and decisions, should

function so badly. Mercier and Sperber by contrast try to explain the results, and

do so in a way that seems a | atienotecho of
that they make that connection. They gt@dl the evidence that individuals

reason so badly, but propose a different evolutionary function of reason,

according to which reason serves its function well, if far from perfectly.

They propose that reason has evolved not to lead to better indidaaland
decisions, but to improve social exchange. In our hypersocial species, where we
benefit enormously from cooperation, cooperation always faces a problem: how
do others trust us, how do we trust others? Not only do our actions themselves get
judgedby others, directly and, through gossip, indirectly, but we can also offer
reasons to explain our actions and ideas, to indicate that we are competent, norm
abiding, and trustworthy. We seek to justify our actions or conclusions to others,
and thereforeeek only reasons in support of what we do and say.

These reasons are much less the motivations or causes of our actions and
conclusions than swift aftehe-fact justifications to offer others (or if before the
fact, in anticipation of a need for aftére-fact justifications). Our actions and
conclusions are prompted by rapid, mostly unconscious intuitive inferences. Only
after inferences have led us to a conclusion or a decision do we seek to offer

justifications, if called on to do so. Reason, MercistanSper ber argue, fAdec

objectively assess the situation in order to guide the reasoner toward sounder

deci sionso but Ajust finds reasons for wh

stronger than the others. o (MS 253)

Our justifications are biasédwe usually seek only to support the position we

have leaped to and lazyi we do not seek hard for stronger reasons. Our reasons
are not likely to be good reasons: they are arrived at not by some common mental
logic, inductive or even inferential, by the interaction of specialized, opaque,
largely unconscious and opportunistic inferential subsystems; and we grab onto
would-be justifications only after we have leaped to intuitive conclusions.

But there is anot her siightenevathatinggeod on: fAr ea
ar g u mieespgedally those of othefsit han i n producing themo

hypersocial animals we can benefit from the information others can share with us,
but we need to sift what they offer so as not to be easily misledroputated.

We therefore need to assess othersodé reaso

the experimental evidence shows, we are much less biased and much more

demanding: we tend to sift otherso6 reason

and to accepconclusions only when the reasons proffered seem strong. Mercier

and Sperber therefore reject the term fAco

primarily for confirming evidence of propositions and proposalsdtiers
advance. They suggest insteadthawe shoul d see reasonds bi
seeking to justify the position arrived at by me or my side.

-

C

r

C

-
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Reason, Mercier and Sperber argue, is not a broad faculty of the mind, as it is for

Plato or Cartesian rationalism (or as Popper calls it, intadism). Rather, it is a

specialized metarepresentational module, a particular kind of intuitive inference

that focuses only on our own or otherso r e
Proposing our own reasons, in rgasoest i fi cati c
in argument, we are both more demanding and less biased. And when people have

diverse opinions and are given the chance to discuss reasons in pursuit of a

common goal, whether better understanding or better decisions, the performance

rises steept among huntegatherers, children, the unschooled, the educated,

juries and mockuries, communities using deliberative democracy, expert

forecasters, medical students and doctors, and scientists. Under conditions of open
discussion, for example, perfoamce on the Wason test rises to 80% answering

correctly, far beyond what has been achieved in any other condition, even among

highly educated subjects.

Reason operates poorly at an individual level, leading not only to sloppy thinking,
but also to belief @rseverance and belief polarization, but it operates well at a
social level where there is open discussion, and therefore best of all in science.
There, open discussion works all the way from lab meetings to publications read
be weltlinformed colleagues wh the time and motivation to courdargue, gather
counterevidence or devise counterperiments. These open exchanges of ideas
and criticism make it likely that, although scientists as individuals and as
researchers are as prone to myside bias as alyythe better ideas tend to

survive, at least provisionally.

Wason tested what Popper was the logic of scientific discovery as if it could
explain the psychology of discovery. But Popper had long rejected the psychology
of discovery, partly following Fregy partly because he thought more progress

could be made in the logic of discovery: as indeed it was, when in the early 1930s
he recognized the impossibility of verifying a universal claim but the possibility

of falsifying it. He recognized simultaneoushe importance of the sociology of
discovery, to explain not hypothesis forming, but hypothesis testing: the readiness
of other scientists to test and seek to falsify scientific proposals before or in the
course of trying to advance better hypotheses.

But almost a century later, after a hadntury of empirical results that remained
unexplained, the psychology of reasoning at last seems to have made real progress
in explaining the role of reason and to cast new light on the logic of discovery. If,

as Mercer and Sperber propose, our systems of intuitive inference are specialized,
unconscious and therefore opaque to inspection, and opportunistic, they provide
even less ground than many had assumed to suppose that we can induce from
known examples to reliablgeneralizations. If our intuitive inferences about

reasons for the conclusions we have reached are also after the fact (and tend to be
lazy and biased) then we have even more reason for scepticism about our
conclusions. The psychology of reasoning undsrathat confidence we may

have had in our intuitions, in their apparent-ssfidence, and in the adequacy of

the reasons we find in support of them. It therefore places still more weight on the
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centrality of critical discussion and offers still more argumts for the intellectual
modesty and the openness to discussion that Popper promotes.

Popperds antijustificationist | ogic finds
psychology, their focus on the strength of our eagerness to justify, and the

frequent logicalveakness of the result. His logical critique of empiricism and of

induction as a supposed means for reaching secure generalization by unbiased

observation finds a psychological echo in their emphasis on the role that a

network of diverse, opaque, swift Hatlible inferential subroutines play in
perception, memory, and the production of
reason as not a faculty of the mind but an acceptance of the power and value of

critical discussion, as a social rather than a purdiyidual process of inquiry, is

almost exactly echoed in theirs. His critique of the authoritarianism of those who
trust in their own supposedly superior r
ot her men to treat them aamdchoantheissel ves as
(MS 172: dAhow rational is it to think th
you are rational ?20)

€ c
r
at

Popper rejected an dintellectualisto theor
or the Cartesian senset,0 aonnde :p rionptoesreadc ta no nf, i
between world 1, the physical world, world 2, the psychological worlds of

individuals, and world 3, the world of objective knowledge, of problems,

arguments, discussions and other products of many minds. Similarly, although

with obvious differences, Mercier and Sperber explicitly reject the standard

accounts of reason, which they call Al nt el
assume reasond6s function is to |l ead indiuvi
decisions), and theyprops e i nst ead what they call their
one in which reason evolved as an adaptation in social discussion, where it works

Areasonabl yo well, not | one thought, wher e

Popper was right to reject the psychology of ov&ry and to focus instead on the
logic of discovery: he had reached bold and rich results by 1934. But the
psychology of reasoning may now have caught up with and provide new evidence
for his conclusions in the logic of discovery and in stressing thalsoée of a
rationalism alert to the power of criticism rather than based on the supposed
power of individual reason.
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p(alb)=r

“probability of a given bis equal to r” (reR,0 <r < 1)

How to interpret the word ‘probability’, and what the arguments
‘a’ and ‘b’ stand for is open to interpretation

Families of interpretations:

» Subjective: Probability deals with the incompleteness of
knowledge. It quantifies the degree rational belief in ‘a’ to
happen given the available information ‘b’.

» Objective: probabilities can be objectively tested by means
of statistical tests
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1. Frequency or statistical interpretation (Venn, von Mises):
‘p(alb)=r’ means “the events of kind ‘a’ occur, in a sequence
characterised by ‘b’, with frequency r”.

2. Classical interpretation (Laplace):
p(alb) is the proportion of equally possible cases compatible
with the conditions ‘b’ that are also favorable to the event ‘a’
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Objective Probabilities

1. Frequency or statistical interpretation (\Venn, von Mises):
‘o(alb)=r’ means “the events of kind ‘a’ occur, in a sequence
characterised by ‘b’, with frequency r”.

2. Classical interpretation (Laplace):
p(alb) is the proportion of equally possible cases compatible
with the conditions ‘b’ that are also favorable to the event ‘a’

Comments:

Frequency interpretation treats probability as an estimate or a
hypothesis =——=> “empirical” (Ballentine calls it “inductive inference”)

Classical interpretation is more ontic: probability is rooted in
inherent properties of systems (e.g. homogeneity, symmetry,
etc.): “we do not need to experiment with a regular polyhedron in order to
conjecture that, if it is of homogeneous material and has n sides, the

5 probability for each of these sides turning up in any one throw will be 1/n”
(Popper 1967, p. 31)
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Besides the formal calculus of probability, interpretations seem
' to be rooted in ‘real-world’ cases < interpretations of theories

Quantum Mechanics (QM): irreducible probabilities (?)

Axioms:

* The physical state of a system is described by a vector |¥ > ina
complex Hilbert space.

+ The state evolve in time according to the Schrodinger equation:
ih% |¥(t) >= H|¥(t) >, where H is the Hamiltonian operator

» An observable is described by a Hermitian operator 4 = A*, with
eigenstates Ala; >= q;la; >

* The probability of finding the outcome a; upon measurement is
(Born rule):

p(@;|¥) = [(a;|P)|?

» After the measurement, the system is projected into the eigenstate
- |a; > (i.e. the state changes in general)
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Measurement Problem:
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2. What is that interrupts the smooth, continuous-time, unitary evolution?
|.e. What makes a measurement a measurement? +— Objectivity/
Realism
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= Interpreting Quantum Mechanics
Ontological status of |¥ >

Measurement Problem:

1. Why a certain outcome (as compared to its alternatives) shows up in a
measurement? «— Determinism

2. What is that interrupts the smooth, continuous-time, unitary evolution?
|.e. What makes a measurement a measurement? «<— Objectivity/
Realism

Copenhagen (orthodox) interpretation |:> Observer

Bohr (1949): “the finite interaction between object and measuring agencies [...] entails
the necessity of a final renunciation of the classical ideal [...] and a radical revision of
our attitude towards the problem physical reality.”

Heisenberg (1958): “The conception of objective reality [...] has thus evaporated [...]
into the transparent clarity of mathematics that represent no longer the behaviour of
particles but rather our knowledge of this behaviour.”

» Properties of particles takes values with a suitable measurement (i.e. they
don't pre-exist)
4 * Quantum entities have a complementary dualistic nature of particle-wave
(one or the other is revealed depending on the experiment)
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= Quantum physics and statistics

The vast majority of physicists give for granted that
Probability = Collected statistics (frequentist interpretation).

With a classical system (e.g. a dice) one can collect statistics
with a series of throws. ..

But... “we must stress an important difference between the classical
situation and the one met in atomic physics. When dealing with photons,
electrons, or atoms we cannot perform more than one measurement
on a single individual object, not only because the state is modified, but
also because in many cases the object itself is either destroyed or lost in
the detector. A statistical experiment in the atomic domain is performed
with a large set of objects of the same type prepared in the same quantum
state. This is the same as performing many experiments with one object
only if the atomic systems of the same type (photons, electrons,...) are
identical. [...]

The situation met in atomic physics is probably similar to a set of dice
loaded differently from one another, with each of which only one throw can
be performed.”

(F. Selleri 1995)
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Popper’s propensity interpretation of probability

MOTIVATIONS:
Propensities, Probabilities, and the Quantum Theory (1957):

“The solution to the problem of interpreting probability theory is fundamental
for the interpretation of quantum theory; for quantum theory is a
probabilistic theory.”

» “Probability of a single event. This question is of importance in the
connection with quantum theory because the W-function determines

the probability of a single event to take up a certain state, under
certain conditions”.

“In the orthodox Copenhagen interpretation of quantum theory we find [an]
oscillation between objectivist and subjectivist interpretation: the famous
intrusion of the observer into physics”

“The idea of propensities is ‘metaphysical’, in exactly the same sense as
forces or fields of forces are metaphysical”

“It is also ‘metaphysical’ [...] in the sense of providing a coherent
research programme for physical research”
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Propensities, Probabilities, and the Quantum Theory (1957):

“In attributing probabilities to a sequence, we consider as decisive the
conditions under which the sequence is produced. [...] But with this
we come to a new version of the objectivist interpretation. [...] Since the
probabilities turn out to depend upon the experimental arrangement, they
may be looked upon as properties of this arrangement. They
characterise the disposition, or the propensity, of the experimental
arrangement to give rise to certain characteristic frequencies when the
experiment is often repeated. [...]

And just as we consider the field as physically real, so we can consider
the propensities as physically real. They are relational properties of the
experimental set-up. [...]

The propensity distribution attributes weights to all possible results
of the experiment. Clearly, it can be represented by a vector in the space
of possibilities.”
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Popper’s propensity interpretation of probability

Propensities, Probabilities, and the Quantum Theory (1957):

“In attributing probabilities to a sequence, we consider as decisive the
conditions under which the sequence is produced. [...] But with this
we come to a new version of the objectivist interpretation. [...] Since the
probabilities turn out to depend upon the experimental arrangement, they
may be looked upon as properties of this arrangement. They
characterise the disposition, or the propensity, of the experimental
arrangement to give rise to certain characteristic frequencies when the
experiment is often repeated. [...]

And just as we consider the field as physically real, so we can consider
the propensities as physically real. They are relational properties of the
experimental set-up. [...]

The propensity distribution attributes weights to all possible results
of the experiment. Clearly, it can be represented by a vector in the space
of possibilities.”

An overstatement?

“The main thing about propensity interpretation is that it takes the mystery
out of quantum theory, leaving probability and indeterminism in it”
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Quantum Mechanics without the Observer (1967):

More formal definitions:

* Propensities as a development of the (ontic) classical interpretation, but replacing
the ‘equally’ possible cases with ‘weights’.

+ Formal distinction between probability statement (i.e. about frequencies in virtual
infinite sequences) and statistical statements (i.e about frequencies in actual finite
sequences)

« Propensity interpretation: “probability statements [are] statements about some
measure of a property (a physical property, comparable to symmetry or asymmetry)
of the whole experimental arrangement. [...] Probability [is] a real physical property
of the single physical experiment [...] laid down by the rule that defines the condition
for the (virtual) repetition of the experiment”
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Quantum Mechanics without the Observer (1967):

More formal definitions:

« Propensities as a development of the (ontic) classical interpretation, but replacing
the ‘equally’ possible cases with ‘weights’.

+ Formal distinction between probability statement (i.e. about frequencies in virtual
infinite sequences) and statistical statements (i.e about frequencies in actual finite
sequences)

* Propensity interpretation: “probability statements [are] statements about some
measure of a property (a physical property, comparable to symmetry or asymmetry)
of the whole experimental arrangement. [...] Probability [is] a real physical property
of the single physical experiment [...] laid down by the rule that defines the condition
for the (virtual) repetition of the experiment”

Achievements:

1)  The ‘reduction of the wave packet’ is characteristic of any probabilistic theory and

not of QM

2) Explanation of von Neumann'’s principle for repeated measurements

3) Solution to problem of the relationship between particles and waves

3 Failures:
1)  Account of quantum coherent superpositions (and thereby of two-slit experiment)
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THE TWO-SLIT EXPERIMENT

Double siit Observing screen over time

MWDN

0 g 0 fooumuted @) %

Single quanta (particles) show an interference pattern
R. Feynman: “a phenomenon which is impossible [...] to explain in any

classical way, and which has in it the heart of quantum mechanics. In reality, it
contains the only mystery.”

Copenhagen interpretation:
» Asingle quantum interferes with itself: behaves like a wave
« Only localised spots are detected: behaves like a particle

« The particle has not a fundamental ontological status. The knowledge (after a
9 measure) collapses the wave packet and localises a ‘particle’ (there are not
trajectories).

]» Wave-particle duality
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Quantum Mechanics without the Observer (1967):

' Two-slit experiment has some similarities with the
' classical pin-board:

* Removing one pin from the pin-board changes the
distribution for every single ball even if the ball does not
come close to the place of the removed pin. The whole
apparatus changes the propensity.

+ The probability field is real because we can manipulate it (“it
kicks and can kick back”)

« Probability distribution can be seen as a descending wave
front. Giving further specifications (e.g. select only balls that
hit a certain pin = ‘position measurement’) we have
changed the apparatus and as such the propensities. This
is “identical with the famous ‘reduction’ of the wave packet”

» Wave-particle relationship: “particles are important objects
of the experimentation; the probability fields are propensity
fields, and as such important properties of the experimental
arrangement”

10
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Quantum Mechanics without the Observer (1967):

' Two-slit experiment has some similarities with the
' classical pin-board:

* Removing one pin from the pin-board changes the
distribution for every single ball even if the ball does not
come close to the place of the removed pin. The whole
apparatus changes the propensity.

+ The probability field is real because we can manipulate it (“it
kicks and can kick back”)

« Probability distribution can be seen as a descending wave =
front. Giving further specifications (e.g. select only balls that

hit a certain pin = ‘position measurement’) we have
changed the apparatus and as such the propensities. This
is “identical with the famous ‘reduction’ of the wave packet” ¢=‘

*  Wave-particle relationship: “particles are important objects
of the experimentation; the probability fields are propensity
fields, and as such important properties of the experimental
arrangement”

10 However it cannot explain interference!
(Popper always admitted this)
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First reaction of quantum physicists

Positive reactions from Popper’s supporters:

' > 03/03/1967 David Bohm: ‘I feel that what you have to say about propensities makes

a genuine contribution to clarifying the issues that you discuss”
> 05/09/1967 Alfred Landé
» 11/09/1967 Hermann Bondi

And the circle enlarges...

» 19/10/1968 Bartel Leendert van der Waerden: “| fully agree with your 13 theses,
and | feel it was very good you expounded them so clearly. | also agree with your
propensity interpretation of probability. [...] | feel my ideas are in perfect accordance
with your theses. | discussed them with Heisenberg, [Carl Friedrich] von Weizsacker
and [Friedrich] Bopp after a lecture | gave about this subject in Miinchen, and we all
agreed”

04/03/1969 Louis de Broglie: ‘I noticed with great pleasure that your ideas are very
close to mine.”

v

But also rebuttals

» Paul Feyerabend
» Jeffrey Bub

12
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The controversy with Feyerabend

The controversy with Feyerabend:

» 1956-1961 Feyerabend opposed Copenhagen interpretation (being
strongly influenced by Bohm and his mentor Popper)

» December 1968: Feyerabend published “On a Recent Critique of
Complementarity”: extremely severe critique of (Popper 1967), in
particular of his pin-board example.

» 1969 Margenau and Landé defend Popper

But Popper never intended to explain interference with the pin-board
argument (and he could not in fact explain it with propensities)

Feyerabend’s motivation also in personal resentment: “| was mad at
Popper [because] his paper did not pay any attention to my criticism of 1962.
Maybe he had not read my paper (which | sent him); maybe he did not like it.”
(Feyerabend to J. Watkins, 17/12/1967)
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De Broglie-Bohm interpretation (1952)
FORMALISM:

is
Every complex function can be written in polar form: 1) = Re'®

From Schrodinger equation one finds the classical Hamilton-Jacobi
equation for the action S, but with an additional term (quantum potential)
7 RS |

cow N B sem— |
s (ViS)* h*ViIt =
E_'_Z 2my, +Z— 2m. R +V=0
k=1 k=1
ONTOLOGY:

+ Particle exist in ordinary space with definite properties at every instant in
time (realism). Yet particles have “complex and subtle inner structure[s]”

+ Contrarily to classical physics (where the accelerations are caused by
forces living in ordinary space), in Bohm’s interpretation the velocities of
the particles are given by the wave-function vy, living in a (3N-
dimensional) configuration space.

+ There is a single y for the whole system, independently of N.

+ Particles follow deterministic trajectories

» But their positions and initial values are hidden variables

+ The y-field has no source (non-locality)

S universitat
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Propensities and de Broglie-Bohm interpretation
Popper’s “propensity interpretation of quantum physics”
. presents a striking similarity with Bohmian interpretation and it
should be considered a realistic ‘hidden variable theory’:

The waves in configuration space are waves of weights, or wave of
propensities [...]

Propensities are [...] physically real — in the sense in which forces, and
fields of forces, are physically real. Nevertheless they are not pilot-waves in
ordinary space, but weight functions of possibilities, that is to say, vectors in
possibility space. (Bohm’s ‘quantum mechanical potential would become
here a propensity to accelerate, rather than an accelerating force. This
would give full weight to Pauli/Einstein criticism of the pilot-wave theory of
de Broglie and Bohm). (Popper 1957)

However Popper never accepted this, probably because of
the determinism in Bohm'’s interpretation
“[...] in spite of Bohm's realist and objectivist programme, his theory is
unsatisfactory [...]. It is not only bound, like all other deterministic theories,
to interpret probabilities subjectively, but it even retains Heisenberg's
'interference of the subject with the object.” (Popper 1982)
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Propensities as a ‘hidden variable interpretation’

.

Popper’s criticism seems to be directed towards de Broglie’s original idea
of a wave living in ordinary space associated with each particle.

Bohm’s model posits a single (non-local) wave that acts in the configuration
space and guides the particles in ordinary space.

» Propensities may be also seen as waves of possibilities in a configuration
space.

» Popper’s propensities can be seen as a form of realist ‘hidden-variable’ (i.e.
not directly detectable, but only through an indirect manipulation of the
apparatus and therefore really existing)

* Propensities as hidden variables are weakly non-local (a localised change
of the apparatus influence the whole distribution but only within the light
cone) and contextual (different experimental settings are never equivalent)
|:> Propensities survive the fundamental limitation imposed by

Kochen-Specker theorem but not sure about Bell's theorems.

The main disagreement between Popper’s and Bohm’s
16 view on QM is then determinism, however...

Symposium “Karl Popper and the Philosophy of Mathematics”

_An unpublished letter from Bohm to Popper

BIRKBECK COLLEGE
University of London

Department of Physics Maler Street
o1/580 6622 London, WCIE THX

DB/0G 13th July, 1984

pe that this will elari
g 1

1 ho oy p
forward to hearing {rom you what you think about

Yours stacerely,
¥ :
Lwnel Bbm

D. Bohm

P.S. I enclose a paper that illustrates my ideas in more detail

room in it for "be

1. Phys. Rev. 96, 208 (1954).
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Thank you!
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0 Summary: the problem

The first task of this lecture is to present a well known
problem concerning probabilistic independence that arises
whenever elements with extreme probabilities (probabili-
ties of 0 and 1) are of serious interest, to criticize briefly
a solution published in 2017 by two leading writers in this
area, and to compare it with the solution offered by Karl
Popper in 1994 in appendix *XX of Logik der Forschung.

The question inevitably arises of what job the relation of
probabilistic independence should be asked to perform, in
particular how it is related to logical independence. Re-
levant here is an extensive 1997 discussion by Georg Dorn.

@ D. W, Miller 2018 Please do ot cite without perwission. 0-0

0 Summary: a solution

It turns out that probabilistic independence, however de-
fined, and logical independence, as usually understood,
are not smoothly related. This may be of scant concern
to physical interpretations of probability, but it is an un-
welcome result for the logical interpretation, whose main
aim is to give a metrical generalization of logical relations.

The second task of the lecture is to resolve the problem by
understanding logical independence in a different (but not
scandalously different) way, and by replacing logical prob-
ability by a different measure, contraprobability (which in
Miller & Popper 1986 was called deductive dependence).

© D. W, Miller 2018 Please do not cite without perwission. 0-1
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1 The classical definition of independence

In the classical theory, codified in the axioms of Kol-
mogorov, in which absolute probability p(a) is primitive,
elements a,b within the domain of the function p are
defined in this way to be probabilistically independent:

U(a,b) < p(ab) = p(a)p(b).

The relation I/ is symmetric. An immediate and untoward
consequence is the probabilistic independence of every el-
ement a from every element b for which p(b) = 0; in
particular every element a is probabilistically independ-
ent of the contradictory (or zero) element s, even though
a, being deducible from s, is logically dependent on s.

@ D. W, Miller 2018 Please do not cite without perwission. 10

1 Elements with probability 1

It is rather less obvious that every element b with prob-
ability 1 stands in the relation I/ to every element a.
For if p(b) = 1, then p(a vV b) < p(b), whence by
the addition and monotony laws p(a) < p(ab) < p(a),
from which it follows that p(ab) = p(a)p(b). As a con-
sequence, the tautological (or unit) element t is proba-
bilistically independent of every element a, even though
t, being deducible from q, is logically dependent on a.

In response to these oddities, the classical theory admits a

stronger (asymmetric) sense of independence in terms of
the relative (often called conditional) probability p(a,b).

© D.W, Miller 2018 Please do not cite without perwission. 1-1
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1 Alternative classical definition of independence

The relative (or conditional) probability p(a,b) is de-
fined, whenever p(b) # 0, by p(a,b) = p(ab)/p(b).

The stronger classical definition of independence is this:
DV V(a,b) < p(a,b) = p(a).

Since p(a,b)p(b) = p(ab) for any b, DV implies DU.
Moreover, V(a,b) holds, just as /(a,b) does, when
p(b) = 1. It holds too when p(a) = 0 and p(b) # 0.
But the conclusion that any element a is independent
of s is thwarted, since the term V(a,s) is ill formed.
Nonetheless, V(t,b) and V(s, b) both hold when b # s.

® D. W, Miller 2018 Please do ot cite without perwission. 1-2

1 Popper’s axiomatization of probability

In the theory presented in appendices xiv and *v of The
Logic of Scientific Discovery the term p(a, b) is well de-
fined for all a,b. Elements a, b have a conjunction ab,
and each a has a negation a’. The disjunction a vV b,
which is defined via De Morgan’s laws, obeys the general
addition law p(a, c¢) + p(b, c) = p(ab,c) + p(aVv b,c).

The self-contradictory and tautological elements s and t
are defined in the usual way. The value of p(a, s) is equal
to 1 for every a, and so the special addition law p(a, b)+
p(a’,b) = 1 holds if & only if b is distinct from s. The
absolute probability p(a) of a is identified with p(a,t).

@ D. W, Miller 2018 Please do not cite without perwission. -3
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