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"De gewoonten der menschen is zodanig, dat zy, zo dikwijls als z
enige gelijkheit tusschen twee dingen bemerken, van beide het ge
oordeelen;t welk zy van een van beid@aar hebben bevonden,

zelfs hier in, daar in zy verscheiden zijh."

People have the habit, as soon as they recognize any equality between two things,
supposehat equality in everythingevenin which those things differ.

"Er is geen ander zijn daanders zijn®
There is no other being than being different.

aDescartes(1684)Regulae ad directionem ingenii Regulen van de bestieringe des verstants(Den Haag 1966)Nijhoff
b Bruggen(1924)De grondgedachte van Prometheus(Amsterdam)Maatschappij voor goede en goedkoope lectuur



FOREWORD

My parents told me not to generalize, but theyt semto schools, where they taught
me how to generalize. At 'the age of discernment' | chose a design study in order to
learngeneratingnstead ofgeneralizing

In 1972, however, | still deved that design should be a science.

With somefellow studentsarchitectural and urban design at the Delft University of
Technology, | wrote a manifésif 100propositionsn order to convince our Faculty
of Architecture tcscientiz.

Glegg(1973) seemed to agree, calling his book: "Tégenceof design".

The study oempirical research methagd&iowever, disappointed me, rfetlow
studentsand our design teachetsopened our eyef®r thetruth of the existing
reality, but to designew possibilitiesrequired definitely differentnethods

Simon(19829, still did not satisfy. He recognizeddifferent logic fordesign the
importance of boundaries between inner and outer worlds of afjfactestill
descibed design as scientifdly 'solvinga problem’ As Cross(1982pndvocatedin
addition to sciences and humanitieshiad field should be recognizedesign.

In 1983 the Scientific Council for Government Policy of The Netherlands (WRR)
published a policyoriented future exploratioh.
It distinguished probable, desirable graksiblefutures, stressing the last 1983.

In 1984 Frieling, Zwarts Van Engelsdorp GastelaasdRijnbouttinitiateda
‘Netherlands NowAs a Desigri (NNAO) foundatiof. They invited 4 leadin@utch
designers to desighhe Netherlands ithree'desirabléand onépossibléscenario

| hadto write their Socialst, Christian Democratic, Liberal aridossibléprogram.
With my students and programmer Kyrdamadea computer gamthat would allow
anyone to desigiihe Netherlandsn its current map appearing on the scréd¢reach
interventionon the magpt dolls @ political partie$ appearedaughng or crying.

In 1988 a the major exhibitiorof the designs and the gammeAmsterdamfour
politiciansof the different partiepublicly playedthis gamedrawing ther future
Thedoll of their respective partglid laugh indee@ach time

We managed to fit probable, desirable @odsiblefutures in one algorithm.

aJong(1972)Honderd stellingen van Sharawagi(Delft)Sharaltggi/www.taekemdejong.nl/Publications/1970tot1980/Sharawagi%2001.doc

b Glegg(1973)The science of design(Cambridge 2009)Cambridge University Press

¢ Groot(1961)Methodologiegrondslagen van onderzoek en denken in de gedragswetenschappen(DenHaag)Mouton
BaardaGoed€1990)Basisboek methoden en techniekbandleiding voor het opzetten en uitvoeren van onderzoek(Leiden 1990)Stenfed Kroes

d Simon(1982)The Sciences Of The Atrtificial(CambridgeMass)MITPress

e Lawson(1990)How designers think, the design process demystified(Oxford)Butterworth Archipg@speecifies internal and external constraints.

f Cross(1982)Designerly ways of knowing(Design studies)vol3 nojp2Zrt227

g WRR(1983)Beleidsgerichte toekomstverkenning Deel@(avenhage)Staatsuitgeverij

h https://zoeken.hetnieuweinstituut.nl/nl/archieven/details/NNAO/section/allied/path/3.2/start/0
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Frieling, a 'founding father' of newtown AlmereThe Netherlandsanda professor
regional design in Delft, described his conception of the role of pél{tesirable)
and researchprobable) in design (possibie)

In 1988, however, | positioned probdity insidepossibility, both partly overlapped
by the desiraility (Fig. 3 p15). Sciencgproballities) itselfas a design
(possilities)® liberatesdesigning frononly scientific methods.

Design is not th¢hird field of Cross(1982)Scienceand humanitiesire desigrs.
Glanville(1999), cited byVahidov(20123 seemed to agrdater.

This goes beyond the many attemps to find the secret of design meyhsltsving
existingdesigng, analyzingandcomparing them,interviewingdesigners, design
students and design teactiestudying thgohasesf existing design processes
makingschemeg¢'maps')of necessarily successive steps in a design process

In these studies, the very start of any design prasessinly itsobjective stating an
aim, a purposeThis objective, however, is seldom one single purpose. It is mainly a
vague and wickedield of purposescausingproblems, stemming from a physical,
technical, economic, cultural and organizaticc@itextat different levels of scake.

A designer often summarizes them directly in a rough sofytaohypothesis, a
‘design conceftto beevaluatecand detailedn the nextstepsof known methods
The reverse, eough solutiorconfrontsthe clientwith thefield of problens (s)he
supposear evokes Any different solution, however, evokes different problems.

aFrieling(2009)De politieke dimensie van ruimtedjlordening(Rooilijn)6

b Frieling ed(2006)Research on New Towns(Almere)NTI

¢ Frieling(2002)Design in strategy IN Jongbrdt(2002)
http://www.taekemdejong.nl/Publications/2002/56 BEBIGN%20IN%20STRATEGY%20from%20Jong(2002)WaysToStudy(Delft).pdf

d Jong(1988)Inleiding Milieuplanning(Delft)TUD Intreergdeaugural address.
http://taeckemdejong.nl/Publications/1988/Jong%281988%29Inleiding%20Milieuplanning%28Delft%29TUD%20Intreerede.pdf

e Eekhout;ed(2005)Delft Science in Design(Delft)Delft Univigrsif Technology Faculty of Architecture Chair of Product Development

f Glanville(1999)Researching Design and Desigriresearch(Design Issues)15 2 Summer@B@nd many following publications.

g Vahidov(2012)Science as design IN Desiype Research in Information Systerigdings and Practices(Montreal)Concordia University

h Numerous publications that can be summarized as art kstoshowing the product of design, but not its process.

i eg Leupen; Grafe; Kornig; Lampe; Zeeuw(1997)Design and Analysis(Rotterdam)Uitgeveir@deven;Louwe(2003)Amsterdam als stedelijk
bouwwerk Een morfologische analyse(Nijmegen)Said other publications, eg referred in Jong(1995).

j eg Jong(1995)Systematische transformaties in het getekende ontwerp en hun effect(Delft)[Bperzdeon the University's birthday.
http://www.ta&emdejong.nl/Publications/1995/Jong(1995)Systematische%20transformaties%20in%20het%20getekende%20ontwerp%20en%20hu
n%20effect(Delft)Diesrede.pdf

k eg Schon(1985)The design studio, an exploration of its traditions & potential(London)RilBisations Limited, and many following publicatigns
Dorst(2015)Frame Innovation(Cambridge Mass)MIT and Dalke;Evans;Self(2013)Designerly Ways of Knowing and Doing(EKSIG)

| eg Jong;Voordt eds(2002)Ways to study and research urban, architectural and technical design(Delft)Delft University Press
http://www.taekemdejong.nl/Publications/2@0@ng(2002)WaysToStudy(Delft).pdf

m eg Roozenburg;Eekels (1996) Product desifymdamentals and methods(Chichester)WileyS&e&hout(1997)POPO of ontwerprhetien voor
bouwproducten en bouwcomponenten(Delft(Delft)DW#eer in English: Eekhout(2008)Methodology for product development in
architecture(Amsterdam(D§lIOS pressand many of his other publications.

n Buchanan(1992)Wicked Problems in Design Thinking(Design Issues)8 2 Sprizlg p5

o Lawson(1990)How designers think, the design process demystified(Oxford)Butterworth Architect® g3tifies the connected problems with
different weights to be balancedferently in each specific context. Their weighiepend on many more or less valigbpositions

p It's not so wickedln 20051 developed a computer prograRuturelmpactin order to analyse thgossibleéimpacts of a particular design project
desiredby the stakeholdeiis the probablefuture context they expect. See Jong(2007)Operational context analysis as a part of design related study
and researcWSEAS EEED)0http://www.taekemdejong.nl/Publications/2007/JongContextAnalysis.ppt
The application for students is still downloadable froitp:// www.taekemdejong.nl/Publications/Futurelmpact.zip

g "every formulation of a wicked problem corresponds to the formulation of a solution": Rittel;Webber(1972)Dilemmas in hTGeneyaf
PlanningBerkeley)working paper presented at the Institute of Urban and Regional Development, University of California, Bitdeley
Buchanan(1992)pl1&\lexander(1977)PatternLanguage(Oxford)OxfordUniversityPsassthe problem of many relations simultaliously earlier:
Alexander(1968)The Atoms of Environmental Structure(Cambridge Mass)MIT Press
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A solution to the field of problems evoked by that soluttealf revolves in a circle.
There is no method fonventing Eekels(1973alreadyrecognized that shyness in his
"Industrial goal develapent@ as a painful leak in methodology.

In 1992, my "Littlemethodology for desigatudy™, | attempted tdo stop this leak
| defined an aim as @esired improbablepossibility, and a problem asnundesired
probability. | did not start by an objective, exploring the steps of ddsigrard, but
backwardinto its tacitsupposition®f desirability, probability and possibility.

Art, design scienceand humanitieshange suppositionsshumor (Latin fluid") does
duringa joke. Creativity is the ability tdorget replace or add hiddesuppositions.

| recognized a conditionakequencef suppositions. If you cannot imagiivewitout

X, thenY 'supposesX (X ‘enables' imagininY). It became an educational means to
discover why students did not ungsand myY. They missed my suposedX.

So, | began to study the conditiosglquencef tacit suppositions

The assumption that®nce is a design, forcedeto include scientific suppositions.
| defined 'knowledge' as a setgbfaredsuppositions | then could also include the
'tacit' or 'implicit' knowledggeoften mentioned in interviews with desigrfers
Wordsare not always sufficient to evoke tilendedmagestacitly supposed

Any imaginaton of objects rests on a sequence of suppositions, images not always
expressible in words. The same object may be imaginable by diffarppositions
but the same suppositions also may produce different imagiféerent subjects

Someimages areeadied by detours along unnecessary suppositions, others even
cannotbe reachedunimaginablg by useless suppositions.

Which suppositions are necessary?

This study attempts to remove unnecessappositions blocking imagination

The ability toobserveandimagineany object, both supposkfferencefrom the rest.
The ability to imaginelifferentobjects supposes even more, but how to imagine an
object that still does not exist? There is only a wicked caontextuding the many
objects you may remember as imagessily, but not usefullfilling the empty object

Hertzberger's 'Avoid clichégollect images, put them in a differexntextand adjust
them' is the shortest and most concrete recommendation for designers | know.
It leaves, however, some questions unanswered. Let me try to answer them.

aEekels(1973)Industriele doelontwikkeling(Assen)Gorquid0

b Jong(1992)Kleine methodologie voor ontwerpend onderzoek(Meppel)Boom

¢ Popper(1963)Conjectures and Refutations(London1972)Routledge

d eg Dooren(2020)Anchoring the design process(Délfiiversity of Technologyhesis

el use 'contextvhereBuchanan(1992) uses th®rdt'placementandDorst(2015) 'frame’.

f Hertzberger(1999)Space and the architect: lessons in architecture 2(Rotterdam)010 Pubéstzéerger(2002)Creating space afught in:
Jong;Voordt; eds (2002)/ays to study and research urban, architectural and technical g@siffh DUP Science chapter 42, p 389
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8 1 DESIGN GOESBEYOND PROBABILITY

Human imaginatiomnay constructprobablepasts anduturesas produced bgroba
bility -basedempirical researchut alsamprobablé ones Some of theeare
realisable possible You mayinventthemby design butimaginationis oftenblocked
by unconsciousuppositionsThisstudyaims to unmask such bloclesi

Some possibilities can be explored by mathematimadelsextrapolatingactual
realitiesas probabldy repetition.That maysimulat improbable possibilitieaever
observed or imagineoefore Theyare howeverJimited to what can be reached by
repetitiveoperationsRepetition $ the core ofmathematicsbut not ofdesign.

Exact repetition oéqualunitsresults innumbersThere are, however, different kinds
of units, resulting in different kinds of numbers. Thdifferenceis usually indicated
by thenameof variables expressed in the differecharacter®f algebra.

Operationson numbersuch as addingubtractingmultiplying, dividing, powering,
integrationor differentiation, suppose repetitias well Iterationmay produce a kind
of diversity (eg fractal¥, but that covers only a part of glbssibilities

The diversity of living mture shows many more possibilities based@mexact
reproduction and so does designevolution,only differentgenes can producew
combinationsWithout any mutationa combination of equal genes would never have
produced the diversity required for the evolutionary survival of somefittast.

Designdoes notopy orrepete equal thingsther. It makes somnthing different
It maycombineold things, buthen only the combinatioitself may benew.

For an empirical scientist, designers are liars: they draw things that draenot
The modalityof design however, is notruth, buta wider concept gbossibility.
What is true must be possible by definition, the reversenot everything that is
possible isalsotrue. What is true is therefore a subset of what is possible.

That is why | consideany scienceo be a design, but design notsagenceonly.
Science seeks truth, equality, repetition. Desogrks fornew possibilities, making a
differencefrom what is actually true. Science attempts to recogruselityand
repetition Only repetition enables tpredict andanticipate.

Cusanus(1440xlready claimed thah reality absolute equality does not exist

Also measuring or constructirgye never completely accurate

So, he exact world of mathematical concepts and relationships cannot be anything
else than ardealimage ofreaurring experiences.

All apparentequality amounts to not more than similarity.
Moreover, even mathematics shodidtinguishthe proper variables firsbefore it

a Strictly spoken any event has a probablity, but | will use the vimggrobabléas an abbrewtion for'with a very low probability
b Cusanus(1440)De Docta Ignorantialllp92https://urts99.untrier.de/cusanus/content/fw.php?werk=13&In=hopkins&hopkins pg=61
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may compare, conclude equalisummarise and divide.
A creative mind, however, goes beyond repetit@reationmakesa difference’

Van Leeuwep took equality as the limit of differencis unattainable zero value.
Something different can always be imagined as more different, but not always as less
different.If you no longer cambserveor imagine less difference, then you neayl it
‘equality, but you stillsupposeat least twalifferentobjectsin orderto compare them

and to concludgheir'equality.

You can count only things that are similar in one way or the other, but you have to be
aware that they may differ in other respécts.
They at least must differ in location, otherwise theg'identical, the same thing.

Words generaliseepeating truths, probabilities, and causalities
Theseare the core of empirical science, but designirequmore. What is its surplus?
In order to specify in what sense desayireachescience) take

1 equalityas a special case of difference,

2 truthor probabilityas a special case of possibility

3 scienceas a special case of design,

4 causeasonecondition between the mampnditions to be fulfilledand
5 verbal languagas alimited representationf imagination

// g

Improbable No causes without No language without

no equality y b
without difference * Probability == Possibilities b= conditions, context imagination

Fig. 1 Primary suppositions of this study

These starting points liberatiesign studyrom thelimitations of empirical research
Sciencesupposeslesign (@signincludesscience)not thereverse
Generalizingsupposes generating.

This subordination to design will not easllg accepted by scientists

and designerwil | not accept easily thélhey cannot be considerédly as scientists

Words generalize. They summarizeaaof unique but similar experiences in a sound
or code A combination of wordslemarcates smallsubsetwithin thesesets

aCusanus referred Hyijksterhuis(1975)De mechanisering van het wereltitfgéensterdam 1980)Meulenhofi250

b According to Anaximandroas early as ca575), creation also consisted of separating opposites from tagriitel (apeiron).
¢ My teacher and predecessor as a professor in ecatdlgg University of technology in Delft.

d The statistical (epidemiological) approach to people in medicine is thedkfateful
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As a result, each succeeding word in a sentbmots the scope'éxtensiof) of the
previous word and vice versalVe can finally experiencan increasingly smaller
subsetas adescriptionof a specific experience anagination

A description in words catnerefore only arise from a combination of generalizations
You can make new combinations, but eaahseis always composed of
generalsable experiences that we alrealyppose tsharethrough words

Each subset of geneladtions is also a generalization.
What you calldescriptiohis then at most &ircumscription
This is sufficient forgeneralizingscience, but not fogeneratingdesign.

The languagés a limited meansf communicatiorthat can cover certatnuthsand
untruths, buby no means apossibilities It suggestshatit can covelanyimagina
tion, butit does not have that misleading completeness. Your wild lokszeme
literate linear,focused and limited, as soon as you learnaeédd andvrite 2

What you could not speak about, yioad to remain silent abaobtit

However, evemgreatadvocates of logic, such as Pythagoras, Newton, and
Wittgenstein, hid a mystical contrababeneath their languageound logic.

The meaning of words contains unspokegpositions images for which there are not
always wordsFor example, the wordsas§ ‘force€ and'acceleratiohsuppose
indefinablecircularassumptions, but in mechanics theilationsare déinable and
usablein practice

This madesome believe that relations are more real than objects, but that moves the
probleminto the definition of the worttelatiori itself.

A 'relatiort suposes differenbbjects, masses, substances, variables or whatever you
want to callthem,betweerwhich such a relationshixists.

That thereforesupposes, first of all, thahese objectdiffer.

Evenin order to concludanequalitybetween objects, theseust bedifferentobjects.
Science is looking for similaritigs orderto be &le to generalize them iaws, but
designing is making a difference, otherwise it is copying.

Differenceitself is nota 'relatiori supposing objectsin objectsupposs adifferences
In this studyto a 'practical sequence ofugpositions preceding each representation,
not'equal and'being are taken as the starting pdjriut 'differencé and'making.

New ideas camot be derived fromequalequalites but from 'differentdifferences
(among whichequality)they can

This has consequences for the use of words suchlasonship ‘property (‘attributé,
‘characteristiy and'category.

aKraak(2006)Homo loquens en scribens Over natuur en cultuur bij de taal(Amsterdam)University Press

b Free towittgenstein(1922) Tractatus logigahilosophicus Logisciphilosophische Abhandlung(Frankfurt am Main1963)Suhrkatitb

¢ Connections and separations are relationshigsffrence, however, may exist on itself, independent from what exists on both sides.

d That happened in previous attempts, such a¥testitutionstheorieof Carnap(1928)Der logische Aufbau der Welt(Hamburg 1961)Felix Meiner
§108 p150, strongly oriented on Russell(1903) The Principles of Mathematics(London 1996)Rassel §167 p179 also usedferencein the
sense of dissimilarity'Differencé is then derived from equality. In the negatldis, however,differenceis assumed.

v



8 2 DESIGN SUPPOSESPOSSIBILIT Y

DESIGNING DIFFERS FROM USING DESIGNS

The role of designers and their inventions in world history is overshadowed by their
economic, cultural and administratieéfectafter realisationTheir users, applications
and effects fill the history book&nly footnotesrefer to the designers and the

designs asneoff events, mutations that do not lend themselves to generalization.

My Dutchcountrymeroftenforgot the inventions with global effect from our own
countryandtheir contribution tdhe stormy development of science sinae th
Renaissangesven though they now determine our daily lives

This developmenthas beemade possible bglesignssuch as the printing présghe
telescope, the microscopehe pendulum cloc¢kthe steam enginghe Otto motorthe
transistorthe radio telescopgthe particle acceleratcrs

Scientific hypotheses and methods are alsentednstrumentghatsubsequently

make discoveries possiblEhe mathematical notation, the use of coordinates, the
empirical cycle, the theories, the experiments witiich they have been tested, the
mechanics, the thermodynamics, the theory of relativity, the atom model, or quantum
theoryare designedseparatelyrom their later applications.

Yes, science itself is not a natural phenomenon that has been discovened (fo
somewhere), but a human design, an instrument liabte and validtruth-finding.f
However,designng an instrumentrequiresotherskills than itsuse

M AKING POSSIBLE SUPPOSESCREATING CONDITIONS

A house is notlesigned ta@ausea householdbut to makelifferentkinds of
householdpossible It creates conditionfor a householdbut it does notetermire a
specifickind of household.

The difference betweerauseandconditionis crucial for the distinction between
empirical research and desigtudy.

A causes a condition for an event, but not every condition is also its cause.
By 'conditior | do notmeanprimarily the logical condition with &uth value (if ...

aGermans, Dutch and Flemish people are still fighting for the honor of having been the first with their inventors Johanbesghatirens
Janszoon Coster Dirk Martens

b The microscop (1595)and telescope (1609ere invented in Middelburg by Sacharias Jan8arthe telescope, Lipperheynd Metiusare also
called Dutch inventors. With a telescope from Middelburg, Galdaoned from planetary orbits to understand valleys to refute Aristotaturies
long suppositions With the microscope Van Lee@nwhoekopened up microbiology

¢ A patent from Christiaan Huygenwho also introduced the use of mathematical formulas in physics.

d Originating from an important discovery by tbiérechtastronomer Henk varedHulstin 1944, when he still studied in tNéW!Il isolation,
undisturbed by the stray light of publications, with Marcel Minnaettte Utrecht Observatory. On the roof, thanks to the obscuration enforced by
the occupying forces, the students were able to see for the first time the stars that were previously hidden by thie Stragkigto his work, the
Galaxy was charted wittadio telescopyfterWWII .

e An instrument to which the Delft engineer Van der Meade contributions with which he shared a Nobel Prize in 1984. This demonstrated the
particles previously predicted by therecht Nobel Prize winnér Hooft

f How design and scientific research can go hand in hand and have a direct effect on history is perhaps proven mostyiropissiigthDutch
genius Simon StevirHe wrote oubf convictiononly in Dutch, so that his grourlsreaking inventions and discoveries for foreign countries
remained hidden for a long time. They gave the young Republic of his pupil Prince Maurits a decisive lead in many areasldmbt surprise
me f we had passed the 8@ar war by such a frehinking élan. These were fairly underestimated innovations in mathematics, mechanics,
hydrostatics, astronomy, geography, maritime science, technology, martial arts, accounting, architecture, music, kag®égythe Dutch
language. Dijksterhuis (1943) Simon Stevin (The Hague) Martinus Njjhe#ds 600 pages to do justice to him.
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then, 'then ...if* or 'then and only then .if"), bu a'practical conditiohwith a
possibilityvalue: notif x then yis true, but'if x then yis possible

The'practical conditiohdoes not conclude, does not generalize jtbygnerates,
specifies, makes feasible in a constructive seriedl use the termcondition in this
serse unless otherwise stated, or if the context shows otherwise.

Suppositionsare conditions formagination

You can imagine somethingnly on the basis of all sorts bfdden selfevidentor
learned presuppositionsThere are, however, also assumptidimsiting that
imagination and thaiblockingour design skills.

Design does nobnly seek truth or probability

A design is not a prediction. Yet the designs themseinekidingthe inventions that
have made discoveries possible, are generally regarded as the scientific results of
seeking truth or probabilitylhat is a false assumption.

The printing pressexposed opinions to broad criticism, a condition for science.

The telescope brought Galileewunderstanding of planets, thealleys andrbits.

With his microscope Van Leeuwenhoek gave thelgead for micrbiology.

The pendulum clockf ChristiaanHuygensmadeexacttime measurement possible.
Numerous electrical experiments with often useless instruments preceded the theory.

Thermodynamicgamea centuryafterthe steam engine. Shortly thereafter followed
the combustion engine of Nicolaus August Qteogrocery withoué sciencedegree,
whose invention lives on todayhe theory of relativity was designed by an inventor
of refrigerator§ working on a patent office, before its validitgs beemproven.
Designrequiressomething elséhan empiricaprovingits reliability afterwards.

A theory isdesignednce and tested repedty with designednstruments.

Previous hypothesare not discoveredhut designecas a possibilityTheir 'truth
(operation)s 'discoveretlby empirical research. The hypothesis gives direction to the
research question. The assessment, preferably by others and in any case with an
attitude other than that of inventors, requires verifiable relialahiy validity.

The inventors have undoubtedly madeeof previous scientific discoveries and
results, but designing is more than just use.

Scientific research is part of that more comprehensive, typically human imagination
that we call designing, and nibte re\erse

Truth-finding leads to fixed, broadly sharadsumptiongparadigm¥that can even
stand in the way of that bold ability to imagine unlikeigprobablepossibilities.
Designers must dare to disregard standard suppositions, simply forget them or replact

al do not yet use the worduppositiohhere. | reserve this for conditiongaking ourimaginationpossibleas underlying stones in a construction.
An 'assumptiohthan is an arbitrary, non based statement 'taken for true', in a lagasahing or taken as (im)possible in a design

b https://nl.wikipedia.org/wiki/Nikolaus Otto

¢ Schils(2008)Einsteins koelkast(Diemen)Veen Magazines



https://nl.wikipedia.org/wiki/Nikolaus_Otto

them with others, to come up with something new.
Some call itreframing, but it is not just about the framework.

An empirical method does not teactdesigning

Everyone looks for opportunities in daily lifdesignghem before they are realized
and usedSearching for truth is a laborious part of this, possibilityincludes more
than truth.You mayknowwhat is already therex.ou have tanakewhich is not

You can know, but yoknow notcan. There are widely accepted methods for
'knowing, but'being abléstill shouldbe practicedy doing

Some designers have made their job of looking for pessibilities

How did they learn that? ltne design trainingdf my university we followed lectures

of researchers and designers in the morning. This was mostly about existing designs
and techniques, but art history does not make artists yet. In the afternoon we made
designs orselves, under the supervision of design teachers in studios.

In that other world of design studibile reminded of the lecturas the morning.
This medievascholastic sequengdectiones in the morning,disputatione'sn the
afternoor) can bettebereversedn design educatiorbesigning raises questions.
Answers do not produce desigiitie design teachers each told their own story.
It even seemas if there are as magsignmethodsasthere aralesigners.

The research teachers were miarenison They were empowered by the emgadiy
trained specialists with whom the teaching team was expanded to makegterpro
more 'scientific. This way, it could happen that design is now mainly taugtdrding
to the lines of empirically inductive and deductive rese§pcbblem defnition,
objective etc.)’ That is also expected from a university. It just doesnark.

Designing is more than induction and deduction.
It is also more than abducti¢Rig. 50 p107).°
There ismuchliterature about existing desigmauch lessabout howto make them.

We can know, but we apparently cantkoiow the prior'car.
How thenshould youearnto design?
In order o unlock possibilities you probably also havaitiearn things.

Design crashes in empiricism

My doubt goes beyond asdign training that crashesempiricism

Design study requires an imagination that goes beyond theaheissulaing ready
made images via various med&uch representations do not trgour own
imagination Theydiscourage it.

aSJong; Voordt(2002)Ways to study and research urban, architectural and technical design(D@2JDUP
http://www.taekemdejong.nl/Publications/2002/Jong(2002)WaysToStudy(Delft).pdf

b Simon(1969)The Sciences Of The Artificial (CambridgeMass1982)MITR@8%euristic search... is in fact the principal engine for human
problem solving ...

¢ Winy Maasoutlines the limitation of the Delfirchitecturakducation as "... coming up with solutions to problém®s HannemaZ017) Land van
Maas (Volkskrant) 1014

d Among others defended by Dorst (2013) Academic design (Eindhoven) TUE Inaugural adéréseossible, however, as a designer of
possibilitiesto derive a methodological justification from ttrath logic. (SeeFig. 3 p8 and notea on p44)
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Our representations have already been uniformed by the linear language in which we
communicate and generalize, the logic by whichaneeconvinced, the cliched learned
prejudices and collective errors that we do not know because everyone has them.
There are many learned and forced assumptions that we are not aware of.

They can, as seemingly sel¥ident paradigms, imprison and stifle our imagination
for a long time. They then stand in the way of developing demgiscience.

Which assumptions do so? A fish does not 'know' what water is, until it is removed
into the air It thus comes into a different world in which it can no longer live.

For humans, on the other hand, it could mean a rescue. Which assumptions have kep
us under water for such a long time, not susceptible to Prometine®s'

How can ve get air and land on the vast terrain of improbable opportunities?

The unlikely nature and chemistry of living organismisapterd p214) is at the

forefront of showing possibilities that no human being could have imagined before.

DESIGN RELATED STUDY SUPPOSES OBJECT AND CONTEXT, DETERMINED OR NOT
You candistinguish 4 types of desigelatedstudy?®

The distinction betweeinesearchandmore ecompassingtudy makes sense.

If the objectis already designed, and thus known in detail, mmnmay ‘researchit.
If the object is still variable, then it study (the columns irFig. 2).

There are two variants of both (the rowd=ig. 2).

The physical, technical, eco- OBJECT

mic, cultural andyovernance Determined Variable
context alsocan le determined
(‘known), or still variable.

If the objectandthe context are Variable  |Typological research| Study by design
known, thent is 'design
research akind of (art) history.
If, howeverjt concerns known objects differentcontexts, then it ismore
professionaltypologicalresearch

CONTEXT Determined |Design research Design study

Fig. 2 Types of desigmelatedstudy

Both are characterized by an empirical methmdthis method is inadequate if the
object is still variableln an ordinary dsign assignment tlemntextis known, but the
objectvaries in the head of the designdegignstudy).

Important inventionshoweverhave also been maaéereeven the context of the
variable objechas beemot yet determined. The inventor had no idea in which
context his object could ever be usttiudyby desigf).? | have in mind the electrical
experiments of the 18th century. Nobody laavhlididea of the objecelectricity and

of the countless contexts in which it would prove its use in the centuries thereatfter.

aThey therefore form a growing source of inspiration for tithelogy (biomimeticsor 'biomimicry). See for example Lems (2009)
Thermodynamic explorations into sustainable energy conversion (Delft) TUDthesis

b Jong, Voordt eds (2002)Ways to study and research urban, architectural and technical design (Delft) DUp28cience

¢ 'Contextrefers in principle to a textual environment, but this concept will be used in a more general samgeoofmerit

d Hintikka(1985)Logic of discovery and logic of discourse(New York)Plefuesds about answering a question, solving a problem and not about
making a design.
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USELESSSUPPOSITIONS BLOCK DESIGN

The summer of s@&nce is over

Since the miracle of Renaissangdil the first half of the 20th century, inventions and
discoveries have eliminated many blocking #aldeassumptions.

The desigrcalled'sciencéwas an instrument tonmaskfalse assumptions, to make us
immune to them and to shake up our imagination.

That role seems to be played out, although there are exceptions, such as the continui
stream of fascinating biological discoverasd medical inventions
Thesedominate the science supplementthe papers.

Fantasyand g@amessell better thamessdirectly 'relevantscientific dscoveries
The technique provides commercially interesting improvements (or combinations
already existing antbng-standing invention3

Direct socially relevant outcomes of scientifesearch are contegependent.
They are therefore immediately scientifically questiomeother contexts.
This undermines public confideman the current trutfinding.

What is universally generalizableagreadylargely generalized.

A local averageis still commercially interesting, but the excessively distant remainder
of thesingular, theunique is not supported by statistical reliability.

What remaingare special cases in which many uncertain comaxables play a role.

'‘New inventionsnow combine and miniaturize mainly inventions from the last
century (internet, iPhoneJ}hat israthercombinationmanagementhandesign.
Futile variantor updatesbecome a good selling hyp8roundbreaking design
requires greater deviatiorgaling to evade conventionguppositions

There are more myths in the worldw than inthe time of Thales of Miletus00 BC
They grow like mushroos Summer is over.

Their commer@l roots reaclhinto scienceYou shouldgo through her disciplines one
by one to see where their innovative potential has been affected.

Design instructions may blockimagination

In design practice, many regulations apply, develdpedmpirical research.
"Wherever there is the possibility of measuring performance, there is also the
opportunity to legislaté® Theymayprevent errors from past contextgh
undesirable consequerscdut Lawson(1990)p53 refers to desastrous failures.

The fewmeasurablgerformance factors pull countless others out of context.
Empirical 'ceteris paribugleprives the view a opportunities in other contexts.

To dictate a designenorethan what yearsf educationextended and relativated by
experiencehave already yieldeds dangerous. lhidesimprobablepossibilities.

aAll great inventions have been made by ndleort(2016)Gordon: Alle grote uitvindingen zijnmiddels wel gedaan(NRC)0319
b Lawson(1990)How designers think, the design process demystified(Oxford)Butterworth Archipgeture
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In design education regulations of 'prescriptive knowledgsgy/play the role of tacit
assumptions and prematurely block imagination.

A great challenge for design students would be: analyze an existing facility or existing
tool, makeits assumptions explicit, omit at least one, design something similar
without that assmption(s).

Knowing belongs to a modality different from designing.
Design and technology require imagination and skill.
That imagination is captured by hidden assumptions no longer under discussion.

Generating is at odds with generalizifagpteris paribg'is seldom right.
There are circumstances in which the general does not apply.
You should not let go exceptional opportunities. Avoiding riskssky itself.

Regulations areot true or false. They belong to the modadifythe desirable.
Know-thatbelongs to the modality of what is true, probable, untrue or unlikely.
Know-how is dualistic. As far ag concerngoutines with a fixed result, it is a
historical science of existing recipes.

Fromhistory, however, you can often ledratter what to avoid than what to do.

The current administrative, cultural, economic, technical, ecological and physical
contextis decisive for the success of such routines.

Know-how includes more than knetlat and routine.

Insofar as knowhow does not involve routines, it is part of the exploration of the third
modality: possibility Exploring the potential within a given context, you first have to
understand thatontextand sometimes thoroughly analyze it.

Design shouldavoid some usual scientific suppositions

There is no doubt that designeisethe results of empirical research intensively, but
their own work differs fundamentally from that of theuppliers

A researcher searches for truth, probigbdnd sometimes desirability.

A designer looks for possibilities, as far as theyrangyet true or probable, and even
not necessarily desired conscioulilyanyne.

A designerand particularly a designer of multifunctional facilities,

1 cannot isolate a singular problem from a field of problemsctirabe solved
together;

2 cannot isolate a singular goal from a field of diverging objectives for diverging
interests;

a The fact thattruth' itself is a modality is camary to prevailing views in modal logic4p). Modal logic would take a completely different form if
truth (according td-ig. 3 p12) would be taken aa limited and limiting part of possibility.
In the currentalethi¢ modal logicthe truthlogic is valid in all possible worlds and thus a limitation of possibilities.
Of these, the laws of nature arereofnological) partand also universallnecessaryHowever, they are both part of our languagedlytical
possibility) and our sense of existenceétaphysical possibility, which in the alethic vision are also included as necessary in all possible worlds.
The'possibility that | hold here concerns (more broadly that alethically) the possible worlds in‘atticms are possible, changes that can be set in
motion by someoner something. | call thdpractical modality with 'practical conditions

b Jong(2007)Operational context analysis as a part of design related study and research(Zoetermeer) WSEWNS EEED
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3 cannot worlonly in a goalorientedway, but also in a mea-oriented way (looks at
what is possible by what is available);

4 cannot formulate a research object before it has been designed, before the work is
done: that object varies in thought and gradually develops from vague to concrete
by looking, sketchinggalculating, reading and writing;

5 has only a context with many variables on different levels of ssals starting
point;

6 brings together explicit and unspoken administrative, cultural, economic, technical,
ecological and physical problenahjectives and means from this context in a
concept a representation or proposal in which more stakeholders can project and
weigh their own (sometimes unforeseen and unspoken) objectives;

7 produces a concepith a general hypothesibat is hardly worth mentioning: ‘This
will work’;

8 therefore has starting points different from a clear object definition, problem
definition, objective, hypothesis, a representation of how facts Ibeusbllected,
arranged and related to each other;

9 has many methods arrive at a concept: from material, form, structure, function or
intention, in all conceivable orders and intensities of this series;

10 has more references than written text: images, forms, types, models and other
concepts;

11 uses notions that cannot be generalized in everyday language as words;

12 differentiates meanings per scale level and per unique context.

This does not correspond the current assumptions of (conditions for) vaind
reliablescience. How, for example, do you start without a clear problem and
objective, even without a clear object of research?

The beginning is before all th&@ommon assumptions deserve doubt.

What does a problem, a goal, an object itself actually mean?

A targetfield aims at solving different problems simultanously, if at least (with the
means that language and drawing offer us) a possibility of solution is conceivable.

Problem signaling, however, includes an analysimigkingconditions

As a result, theoherenceof problems becomes desigelevant.

The target field stands out as a system of realizable conditions, hypotheses in which
different goals even seem to have been realized already in one solution.

A designer cannot keep probleggal, means and hypothesis separate as in classical
scientific research. More or less in the order of the above 12 points | will give below
my preliminary analysis of the usual assumptions that play a role here.

They then act as a problem field for thédwing chapters.
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PROBLEM AND TARGET FIELD SUPPOSE MODAL SUBSETS?

Any true or at least probable statement is by definition possible, but not vice versa.
Theprobable futures are a subset of the practically possible futeiges3].

There are also improbable possibiliti@ecause they are not true or probable, you
cannotpredict them causally (from known causkect relationships).

You have to design them: outlicenditionsto make something possible

Possible Conditional

B

g8
&5
oo
anE
g0
ig
g0
4]
o5
Design

Field of
problems

Politics Science

Fig. 3 The modal place of problem fieldnd target field  Fig. 4 Modally limited thinking

Thinking about conditions of opportunity differs from causal thinkirig.(4).

A house does natausea householdit makes different householgsssible

Deciding whether yowanta household ab requires a different way of thinking
(‘'modality’). Many desirable futures are not practically possible. Forget about them.

Other desirable futures are probable. Do not attempt anything. It will probably happen
also without your effort (many people ar@imy so without effect).

Do not act until there are probable futures that you do not want (problems).

If there are also improbable possibilities that you want (field of dngs,3), then

design them.

Designers look for improbable opportunities.

If those possibilities were likely, then they would not be designs, but empirical
predictions. Moreover, they are looking for something other than whaaeesdy
there, making a difference. Otherwise, designs would be copies.

The old discussion if design is a science, and therefore can be taught at a university, |
easily solved if you accept that science itself is a design, not the reverse.
Many will not accept such a conclusion.

aCited with own changes frodong(2012)Diversifying environments through design(Delft) Té#Bondhess p16
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8 3 VERBAL LANGUAGE CREATES PARADOXES

THE CONCEPT OF 'OBJECT' IS PARADOXICAL BY DIRECTION AND SCALE
'‘Objectis not the seHevident concept that most authors take for grahted.

It hastacit suppositionsAs a newborn (still without references) you will probably not
immediaely see separatebjectsin the multiplicity of impressions that you gpte-
cast (ob-ject is literally precast).This discernmenmust beearnedas a
representatiom a longterm repeated sequence of tactile and visual impressions.

This well observable process in babies sheds some light on assumptions of which we
are no longer awaref as adults¢hapter3 p48).

An 'object in our first phase of life is the part of an incoming image that separates
itself from the rest'€verything excepbr 'not the object) by '‘parallaxexercise’s

When you move, yogee something in the foreground appear more quibkly the
background'parallax), but when youdollow that object withyour eyes, the
background moves in relation to that objéobject constancy

Thatactive separatiofloosening, disconnection, digraction,abstraction) sugoses
theobservation of permanent differenceslhdirections despite motion.

This also sets the foundation for the conjunctimt (everythingexcepthe object)

‘Not' leaves everything except the object wedained.

The'attentionnfocuses on an objectdcus). Loaosing an objecthatis no longer
perceived ¢glearned with the gampeeka-bod), requires a stack of abstractions that
graduallyunderlie (are subposed in)concrete impressions and experience.

Parallax, however, does not help anymore in the recognizing of a constedlasi@ans
such as Orion, based on an arbitrary traditional meithf the figure.

Many other outlines would have been possible.

Such arbitrary outlines are taught by culture and becomp@sgd in the observation

The abstraction technique for deriving object constancy is repeatediactual,
(often taughtjnternalrepresentationge-presented, brought back to present)
Threeparadoxes appear when distinguishing objects:

a paradox operpendiculaty, an insideoutside paradoxanda paradox oscale.

'DIFFERENCE" IS PERPENDICULAR TO EQUALITY (PERPENDICULARITY PARADOX )

An omnidirectional enclosing sharp outline of differences between an 2D object and
its environment (the difference betwegas and 'no’) does not take up any space.

Each difference in the 2D surface has a direction. Perpendicular to that direction there
must be less difference (some equality, similarity) in order to see the difference.

aKant (1781) Critik der reinen VernunfR{ga) Hartknoch has said wise things, but in the course of his argument he taaithes growing number
of suppositions that | do not sharde laid down his foundation at least on the tenth floor. He does not memtiterlying floors (the suppositions
As a result, he needs hundreds of pages of scaffolding to keep disguipright on skny pillars.
One set of assumptions is tacitly stored in the tebject. Kanttakesthat concept everywhefer grantedias many dq)but it is not. Rcognition of
an object and the detachment of that object from an environment full of differettesresult of a long lastingarning procesg?28).
Other unspokesuppositions at Kant are hidden in concepts sucthasndivisible individualsubstance, ldg, knowledge, the concept @bncept
itself, and of course also in its categories and judgmeatp92).
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Thekind of difference may be directiesiependent, as long as there is a continuous

difference (laspictureof Fig. 5).

Fig. 5 A perpendiculaity paradox in vague and sharp object boundaries

difference.

This perpendicularity paradox applies als@ace takinggague boundaries.

It is immediately clear from a 2D drawing, but in a linear language this perpendicular
relationship can lead to condliations 'The bridge is open' says the skipper.

That is at odds with what the motorist reports. Who is lying?

' NTERIOR' SUPPOSES A CONTRARY EXTERIOR (INSIDE -OUTSIDE PARADOX )

There is also amside-outside paradgxwhich produces a seeming disagreement.
A ball is hollow, seen from the inside, but convex from the outside.

The impressiomf an objecthanges drastically coming ouytlentering, the
difference itself remains the same in the opposite direction (symmetry).

A linear verbal representation may distinguish a difference ‘figtmhto dark and its
reverse, but amtmmagedoes not prescribe a direction to see the same differen

Going out from home is like a birth.
To step out is called 'esistere’ in Latin and 'e&tasis’ in Greek. Existene@d ecstasy
do have the same origithe very experience of this paradox

Russels and Descartesparadoxes areinside-outside paradoxes

'l lie'is a double messag@éi. | tell an untruth, then itis still true that | am lying.

One message is about the action of my lying (true), the other is the lie content (false).
Onemessage'ifetalanguag is about the outside, the othsmabout the inside.

A child knows such a thindpuilding huts or tents and experieng the insideout
opposition of viewing direction as coming out and enteragjight-dark).

Something similar happens when we thadout'thinking' (philosophy, psychology).
Thesecondthinking is the content, thdirst supposes whate sayaboutthat'thing.
That applies even when we talkoutlanguagethe exchange of thoughts

We thenmust be prepared for apparent contradictions (paradoxes).

When we say somethirigbout, it suggests that we look atfibm the outside ofrom
above (‘at right angledo the area being looked)at

aAn example oRussell's paradothat a set cannot contain itself as an elenfemssell(1903)The Principles of Mathematics(Cambridge)University
Pres101 WWW201énttp://fair-use.org/bertrandussell/theprinciplesof-mathematics/index

17


http://fair-use.org/bertrand-russell/the-principles-of-mathematics/index

aaaaaaaaaaaaaaa

Whether thatontent is true or falsé¢hat| think about it is true (th&ogitc of
Descartes).So, you can tell truths about truths, truths about falsehoods, falsehoods
about truths and untruths about falsehoods.

You are outside the past

Could the past b&rue? If you talkaboutan impressionit is already a thing of the
past, no longer accessibleytour own action, no longeactual.

Even a football reporter can only tell what happiéitsalready has happened.

We are only convinced of thatrea) not actualpast if more sources telhe same
Those storiesannotbe chequedr tested
They are no longer accessible for a controlhagon

Moreover, every memory is based on a flat imarespite of all kinds o€onnected
additions and associations, little remains. The sequence of memories as a stack of
photos is therperpendiculdrto the imageshemselvesThethreespatial dimensions
are'perpendiculdrto each othemperhapghe fourth (time) too

A JUDGEMENT MAY TURN TO ITS OPPOSITE BY CHANGE OF SCALE (SCALE PARADOX )
If you observe the pattern kig. 6 in detd, then you only see differences: every
black dot has a whitenein its surroundings antthe reverse.

At a distancehoweveryou seesquality.

field of
0~0%0 "
a0~ @ VISIOon
0-0~0
O5totots
O O O . Ild'ff "
0a0~0~:0~0 Iference
0-0~0~50
O0~OAOKO
OOOOO.O
0-0~0 " lity"
OOO @) equality
Fig. 6 Scde paradox

The judgmentdifferenceé or 'equality can therefore be reversalteadyat a linea
scale difference factor of Jhat is a minimum and only a possibility, but there are 10
decimals between trgze of a grain of sand and of the earth.

These are at least 20 fact@sSq in theorythere aranore than 20 possibilities to
disagree, while you actually agree, if you keepewa on the scale of the claim.

The scale paradox leads to sensetig$srences of opinion.

A street with all different buildings looks like other streets with suchraitrary
mixture of buildings. Paradoxically, sorequalitybetween buildings in each strest
its ownis required to distinguish trdifferencefrom othe streets.

aThe latin bakground of cogitaréco-agitare thinking) is interestingrepeatedly acting withFor the Romanthinking was apparently acting parallel
to reality. | will indicate it further withco-actiori. Inventing or designg would then be countarctingto reality. Designing is then indeéejectingd
from an existing rality.

b A memory is also largely coming from the flat retina or flat skin. The third dimension must then be a construction vilily feassmbered)
experience of our own movements (motor skills).
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An urban planner who complains about the characterless uniformity of the streets will
thereforedisagree witlthe architect who enthusiastically praisesdiferent
character of each honmedividually.

Meaning rests osuppositions.

With otherscale suppositionshe meaningcan change.

If your conversation partnes arguing withtwo reversalsabove the scale you have in
mind, then you carvenagreewith each othewhile you mean sontking different?

With the insight of the scale paradox, | do momediatelyhave to assume mystical
forces like arinvisible handof Adam Smithin the economy or th'self-organizatioh
of 'complex systemshat astound physicists when they observe sudden order
(‘'synergy) in microscopical chaosefnergencea’phase transitidrsuch as freezing,
p204) under certain macroscopical conditions.

The scale paradadoes, however, give rise to theevantquestion whadisorderand
‘'ordet exactly meant

In physics,disordel (‘entropy S) isthe probability of a spatialdistribution(p194).

An orderly statdall gas concentrated in a corndrgnis improbablglow entropy)

In computer science, the amount of informatrdmch is at least necessary to describe
a systen(H, expessed inbits p197) is intended analogously.

Disorder requiresnorebits for representatiothan order
If in a larger radiusne or another repetition appedrsgen you can suddenly describe
the system with fewer bitdrfformation compression

Both kinds ofordeft aredifferentfrom ‘organizatiohbetweerdifferent organisms or
different organs with different functionk ecologyjustthisis concerneds a
valuable lesschaotic increase in thaformation content of a system.

A phase transition to less biodiversity may mean more order, but less otigemiza

An ecosystem with few species is easier to describematthematicahddition and
multiplication than an ecosystem with many species and many different mutual
relationships. Tén, tkere is plenty of reason to shift the attention to caganisms
and unlikely situations. That is also typically the focus of designers.

Self-organization theis a misleading terpfeedingthe riskyconfidence of laissez

faire liberals.| would prefer to speak of repetitipregularityor coordinatiorthat can

occur in large numbers of particles, individuals or waves as a sort of resonance in a
laser, or in awave in a football stadium (simply because you do not get space enough
in the opposite dirgion). It is questionable whethéself-organizatiohis desirable, if

it means extiction of deviating categorie'Synergyin the ecological sense of
symbiosiswith mutual benefit between different species is just the opposite.

aThis also applies to the exchange of cause and effedifierent time scaleSee for exampleJong(1998)Wat eerstvonen water, wegen of
welvaart In Angremond Htbr Watertovenaars Delftse ideeén voor nog 200 jaar Rijkswatepgiak?52(Delft)

b Alexander(2002)The nature of order 1,2,3,4(Berkeley)Center for environmental stneta®4 volumes to explain thencept of order.
Kaufmann(1993)The origins of order(Oxford) University Pnreseds more than 1000 pages.
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"FUNCTION ' HIDES SUPPOSITIONS OF SCALE, DIRECTION , CONTEXT AND STRUCTURE

Any 'function' supposes a level of scale

A good example othangeof meaninghrough the scales is the concepffafiction,
sooftenusedin scienceanddesigning? This change of meaning is already detectable
linearly by a faadr of ca.3 (around 10 in area), be it oftenngticed.

What is the function of a brick (nominal radid®&=10cm), a window (R=30cm, a

door (R=1m), a room (R=3m), a house (R=10m), a building complex ( R=30m), an
‘ensemble(R=100m), a neighborhood (R=300m), a district (R=1km), a city (R=3km),
aconurbationNR=10km), a metropolis (R=30km), a region (R=100km), antqu
(R=300km), a continent (R=1000km), yes, what is the function of the world?

Any 'intention' supposes functions and therefore a level of scale

The term'function is often understoodteleologically as purpose.

| can, however, imagine unintended funat, but | cannot imagine an intention
without (intended functions.

A design has more uimtended effects than intenddtlintention supposesunction,
and'function is scalesensitive, thefintention is also scalesensitive.

Politics concernsscalesensitive intentions.

If you define'politics' as looking for an answer to the questidfatshouldwe do for
ourselvesand whatshouldwe dotogethef, then salearticulation is necessary to
distinguish intentias.

What do we do together at the level of a house, building complex, ensemble,
neighborhood, district, city (municipality), regionally, nationatlgntinentallyor
internationally and what amge going to decentralize again?

A political party assumes scale levels in its progvamere'for themselvesand
'togetheracquiredifferentmeaning.

The meaning of' function' changes from physicto humanities

Administrative, cultural, economic, technical, ecological and phy#siceations differ
substatially in meaningMoreover, at every level of scale any of these functions can
get a different meaning and priority or dominance.

'Function’ hides an insideoutside paradox

If you define'function asoperationor working thenyou should distinguish anward
andanoutward functionA house has an inward function for its residents, but also an
outward for the neighborhoothe city and so on.

A car isconstructedandused Its internal structure should fulfithanyfunctiors of

aThat function concept for the design is central, for example in Kroes(2008)Et@ature of technical artefacts(Studies in History and Philosophy of
Science)030Vol 37 nr 1 In this, hardly any attention is patd the scale on which people can speafusfction

b With this 'nominal radius' & meant here an element from a series of dimemaomeghat each do not exactly represent the radius of the
circumscribed circle, but a radius that lies between the previous R and following in that series. A small r then coriescribedecircle
(resolution).
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transforming energiedut it has also an &xnal functiorfor a family, a businessa
city and so onA ball is hollow tofunctionlight and elasti@and convexor playing.

'Function’ supposes structure

| cannotimagine a functionwvithout an externadtructure(a setof connections and
separationswithin whichit operategeg a manager supposes an organization, an
aeroplane supposesstomersairports and free air)

A function supposes, however, aBo internaktructure(construction) through which
the facility canoperateat all.

On its turn,'structuresupposes a dispersion in spéaerd timg, a‘form(ation).
'Function therefore also supposésrm'.

Combination of functions saves space, specialization saves time.

This may be a boldtatement, but it is an actual dilemma in many desigims.claim
supposes complementarityf space and timé-ig. 9 p27). Separation of functions
on a large scajdhowevermay also require traffic time, diminishing thme profit.

M athematical functions reduce'function’ to operations on numbers
This limited use of the concelfanction is elaborated in chapt@mpl28

Any design is multifunctional

In order to desig@anobject, you ca start with the functioffunctiondism).

That is a widely used methodical gaalented start.

There is howeverrarely one'monofunctiondlfunction oroperationat issue

For example,here are always financiabnsequencesnd tlere are often more
stakeholdersvith different intentiongbuilt upon the different suppositions mentioned
above)enablingto use different functions of the same facility.

This way, each design is in principle mflinctional.

A program of requiremenis an enumeration of desired functions, but that is seldom
completeif you take everyscale, diection, context and structure into account

Some functions are so obvious that they are not in the prnofgraa home.

The designer also often finds function possibilities that no one has anticipated, such a
a door in which you can also3sit

If the overview of all these functions in the target field is no longer guiding because of
the multiplicity, a designer can also start in a rescorented(meansdirected way
with available contexts, materialsossible forms ostructures.

A sketchof shapes or structures sometimesy suddenlyoffer space to all requested
functions in unexpected combinations and still add functions that fulfill unspoken
wishes® The program othe stakeholders can change.

aAn example from the leates of Aldo van Eycln the 70s at the TUDelft about the huts of the Dogon people in Mali.

b Designers of a new large urban district (I will not name the location) stated that they had not studied the piles of firemieifimrequirements
and wishes, when they surpristheé stakeholders with a design, thihost all requirements and wishes had been met.

¢ Jong;Voordt(2002)Ways to study and research urban, architectural and technical design(Dg2RUP
http://www.taekemdejong.nl/Publicatie/2002/29 PROGRAMMING OF BUILDINGS from Jong(2002)WaysToStudy(Delft).pdf
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8 4 |MAGINATION IS BUILT ON P RACTICAL CONDITIONS

CONDITIONS OF DESIGN ARE A SEQUENCE OF SUPPOSITIONS
In design content form, structure functionand intentionsuppose each other in a
conditional sequence

There is nantention without a vague or specific representation of some function, no
function without an internal or external structure by which or in which it can function,
no structure without a form (stadé dispersion) in which it ‘takes place' in space, and
no form without material (‘contéipthat can take this form.

This conditionalsequenceloes not yet play a significant role in the tesign process
itself.2 It comes to the forby realization

A designer sketching forms is still free to alternate the focus arbitrarily to the content,
form, structure, functions or intentions. A desigtiemalternately adregsdifferent

skills, providing new perspectives and inspiration. The focus changeslitan éach
other quickly or slowly. That is why there aaemany design methoblas designers.

The conditional sequenckoweverjs important for realization.

In that sense a designer can anticipai ilhe design process in order to shift focus
once again. At the end of the design process it is a checklist to check the designed
object for its practicatonditional coherence (‘evaluati@fterwards).

A similar conditional seof possibility conditions exists for trentextin which the
designer is placed with a not yet developed object at the start of a design process.
There are physical, biological, technical, economic, cultural and administrative
conditions that supposedaaother in this order.

You cannot imagine a management or governance if there is no culture (authority,
language, motivation) that carries it.

You canrot imagine a culture that can maintain itself without an economic base, no
economy without the existing technology that makes it possible, and so on.

The estimation of such a context and the utilization of its possibilities requires again
different specift skills from a designer, prior to those required for the determination
of content, form, structure, function and intention in the design process itself.

Both object and contebof design suppose levels of scale difterentmodalities.

aJong, TaekeM. de (1988) Inleiding Milieuplanning (Delft) TUDelft Intreere@iraugural speech)
b 'Meta-hodosis Greek forthe way along
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DESIGN SUPPOSES MODALITIES, LEVELS OF SCALE , LAYERS OF CONTEXT AND OBJECT
So, lassumdour dimensiongacitly supposed imnydesign(or imagination)

modality levels of scale context layers object layers
True - Governance Intention
= 7 U U
Probable 10m Culture Function
= ? U U
Possible 3m Economy Structure
= ? U U
Imaginable Im Technique Form
" ? U U
Desirable e Biotics Content
U
Abiotics

Y means 'implies' b means 'supposes'r meansoverlapgd by
Fig. 7 Design dimensionsmodality, levelof scale contextand object

A higher layersupposean underlying layesymbolized a%.

In chapte6 p1141 wil discussts relation tothe logicalimplicationy (i f ét hen)

Suppositions can be sumnmad (ABC) or divided in more elementary components
(technique) without losing the conditionalitytife sequence igansitive).
Fig. 13 on p37 will divide themin amoregeneral extendedonstitution

For the modalities ifrig. 7 'imaginable’ is anecessarypasis 'desirable overlaps

In Fig. 3 onpl5the imaginables notbounded becaus¢éhenyou should be able to
imagine the other sidef the boundarythe'unimaginablé* The imaginable has no
conceivable limit, but it increases mnbelievablédiscoveries and design

Any desiremust be imaginable, buitdoubtif all possibilities are also imaginable.

The limit of thepossibleis not determined here hwyhat is currently possible at the
moment, but what can be evyassibletechnically and practicallyl'hat limit is not
certain. Fotthe time beingl accept the limitations that are generally accepted by
science such as the impossibility gberpetuum mobile

You can however,develop new possibilities that were previously unimaginable.
Our imaginatiorexpandsn a learning process with conditions for new images.

Since science is a human design, it is itself limitedhloypnan imaginationlanguage
and underlying suppositions (conditions for imagination).

In order to gain some insight of these limitations, | have describediadetail some
typical parts of the physical, biological and human sciences from my own limited
knowledge (chapterstd 10).

The question remains whethee#iereconstructios (‘'science'of theactual(accesible
by humanaction) reality also coversll technical possibilities.

aA variant on Wittgenstein(1918)Tractatus logigbilosophicus(Berlin 1963)Edition Suhrkamp Vorwort
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The instruments with whicbur exploratory capacity has been extendeé human
designghemselvesMathematicsmainly considered as untouchapig such an
instrumentlt reduces differences and changes to eqeslind repetitios (chapter7
pl123. It is a generalizing instrumenthat is an important limitation.

| do not share the Platonic idea that ideas are a condition for material existence.
Even mathematics as a world of ideas does not eseadysical conditions,
however much it helps us to get to know them.

It makes the endless repetitions with which we are confronted manageable.
Repetition of mathematical operations can lead to a yahet is reminiscent of
biological forms, but they are limited &xactrepetition(8 28from pl50onwards.

You always can imagine a ladevel ofscale(Fig. 7 p24), but not always a smaller
one(appraching zer.
So, a smaller level of scastouldsuppose a larger orfthink of relativity [@L.85).2

You may, howeverunderstandhe conditionsf attraction and repulsiop178) best
reasoningrom thesmalle scale(electrons and protons)to thelargerscale(electric
devices) The same accounts for quam physicgp189) and bioticgchapter p214).
So, | doubt if thdevels of scalelo have a contionality.

The layers otontextandobject areeachconsecutive conditions for their
imaginability (Fig. 54 andFig. 55 p120).

Thecontext layersas represented ifig. 7 p24, however, raise the questiomether
governance, econonandtechnqueare notpartsof culture a'set of shared
suppositions andnaterialconditions

Some kind of technquein the sense o§kill'® aresupposed imnylocal culture
These are actually not different from numerbiic mechanismsThey exist
globally, inescapable as practical conditions for every contempecaryomy and
culture,includinggeneral human skill®observing, moving, manipulatin@y nature

Theinventionandknowledgeof techniqus (technology, however, is culture.

A local culture, such as in Silicon Vallegould produce technological innovations,
but after thatthey started to live their own lives globally as a given context.
They have offered all local cultures new conditions to explore new possibilities.

Something similar applies tam@conomic competitive structureferring to a more
generabiological'sunival of the fittestthatyou camotevade.

Theobject layersin Fig. 7 p24 are identifiable moments attention and
representation in each design process. Theyedsbrequire a different imagination.
Since an object can always be placed within a context, but not thevedly around,
the object layers should be part of each context Jdyedesignrequires technique.

aThe fourth dimensioftime’ seems to indicate futufepast, but than does not concern the tsoale
bThe original Greek vaqd fituess, skilechn™ (Uye3d) means
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ABC xar

SHIFTING DISTINCTIONS ENABLE DESIGN
The first condition for our imagination is discernment, the ability to distinguish
objects insomestate of dispersio(form).

For designthat ability must be moriexible than for justusing its result

You should not only be able to recognize familiar objects that already have a name.
You must also be able to imagine objects with different contours (shitftirdgrs)

The conteneven shouldhotyethaveaname.

For example, anstellations of stars have got a regf@g Orion)

So, you can remember and recognize them easily.

The starry sky, howear, has infinite possibilities to capture a collection of stars in a
constellation. You can add or omit elements in yimage

If you add a third dimension to the image, then suddenly quite different groupings are
possible. Thigarliercauseda Copernica revolution changingthe representatioasa
sky domeinto the conception of an infinite universe.

Biotics include technique by shifting distinctions

Biotic

The context layers iRig. 7 p24 raised the
guestion whether technology and economics
G atst should not be counted as 'culture’.

The summarizing ABC model &fig. 8is a
simplification that avoids this questiovithout
eaEeE——— s losing the main sequence of implication

cause € > effect

Abiotic

Moreover, t is a representation in which the

Fig. 8 ABC model order of cause and effect reverses.

The causal thinking, anchored in our language (subjdtdirect object), loses its
direction from causento effect in biology (chicken or egg).

Consequences interact with the causesiprocity, adaptatiorthrough feedack).
That mechanism is followed in the techniqloyljerneticy.

Imagination can reverse time.
You can first anticipatéhe consequences and then cause them to be so.

Van Leeuwen'sre(gu)lation theory shifts borders
The ideas of the ecologistan Leeuwershift some crucial boundaries in contienal
distinctions. My shortest summary lois ideas would be the following.

The only premise that has no lomgmy suppositions is the concept of 'difference’.
Every other conceupposes difference with other concepts.

Everything differs!Equality’ is only a special case of differenaa imaginary 'zero
value', a limit that only can be approaclied.

aYou can already find this view &usanus(1440)De Docta Ignoraniial p92 and_eibniz (16631716)Kleine philosophische Schriften
(Leipzig1879) Koschny127 "... dass es niemals eine vollige Gleichheit geben wird." (Was zu einem meiner wichtigste Axiome gehort.) ". This is

26



010 R&T

Variation.xar

Also 'changesupposeslifference (with 'now') and stabilitgluration,is such an
imaginary special case. Everything changes (pantg) rladbeit to varying degrees.

SPATIAL VARIATION TEMPORAL VARIATION Accord|ng to Van Leeuwem)etween th|s
Pattern Process ' . .. . ..
equality difference stability change 'Spatial variatiohand'temporal variatioh
() e - = ® e . ) )
A A thereis a premminantly negative (not

causal) relationshifFig. 9).

diversifying > tropical rainforest {steering

oak-hormbeam forest
bluegrass land
living high moorland
dune valleys

Most likely is a relationship between
decreasing difference and increasing
change (‘equalizgi and ‘disturbing.

EQUALISING DISTURBING

salt marshes and mud flats
dry dune grasslands
rural fields
shifting sands
deserts

Thereverse('diversifying and 'steering
however, is itself a change.

Structure ' Operatiqn o
(c)onnecuon SeDa:a.“O(S (c)ontmunty dlscongn_un% So,lncreasmgjlverSlty anctlecreaSIng

Fig. 9 Van Leeuwen's spatial and change, implicitly couteracts itself:
temporal variation it disturbs.

Makinga difference then is more difficult than easily equalizing a differénce.
The concepts dilifference and'changéare more fundamental than the abstractions
'spacéand'time’, derivedfrom observed differences and changes.

These abstractions aneresometimes used as adjectivispétial and'temporal), but
their use is meant only to distinguish the twariations.

'Variationi can be interpreted adifference in differenceand the difference between
the two variations as a third degree differendidference in difference in differente

The assumed negative relationship between the two variagomnadsof the second
law of thermodynamicghe entropy lavwhat states thanysystemdevelops into

more disorder (a higher entropy or probabitiges 34p194).

Van Leeuwenhoweverassociates this disorder with more equality and change and
the process towards more disorder with equalizing and disrufitign9).

Thisrelationof pattern and process repeated istructuresandoperations
connectiormakes discontinuity more likely than separatis@paration gives a greater
chance a continuity. Connecting and separajnhoweverare themselves operations
that cause discontinuity. Separation is therefore more difticait connecting.

This appealsiesignersdrawthewalls first, and then the gaps.
For them,'structureis usefully defined aa 'set of separations and connections

remarkable for a great mathematician. With regard to change, he also states:08{p22d@ genommen ist es richtig, dass kein Korper vollkommen

und génzlich in Ruhe ist, aber man sieht bei einer mathematischen Betrachtung der Sache davénisinédy he puts the reality content of

mathematics into perspective: nothing is really $ame or the remaining equal, everything differs and chawgibshim, just as with Van

Leeuwen time is no more than an
aAttributed to Heraclitesamong others by Plato.

b Change is a form of differencia thefourth dimension. There is therefore some reason to propose the time dimension as perpendicular to space. In
this case, between spatial aethporal variation, according to Van Leeuwarperpendicular paradox applies as a special case of the spatial paradox
that equality appears perpendicular to differefitris, technical possibilities such as the selectorSigf 10 appear

¢ Every child knows thaif onceit hasbuilt a sand castle on the sea front. That is always leveled by indifferent vandals or the sea.

d Jong(2007)Connecting is saseparating is difficult In: Jong; Dekker; Posthoorn eds. Landscape ecology in the Dutch Context (Zeist) KNNV
uitgeverijp208.http://www.taekemdejong.nl/Rlications/2006/Landschapsecologie/Onderdelen2/Conneisteasy.doc
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BOX BOWL PIPE GUTTER DAM DECK WEDGE WHEEL TAP SIEVE

Fig. 10 Selectos, the elements of structure

You can imagine separation in 6 directig6sdegrees of freedorfor movement, two
opposite per dimension): indirectionsas a boor cell from which yowannot
escape, in 5 aslaowl, in 4 as agipe atube(or anarmchaiy, in 3 as a gutteor slide
in 2as awallin 1as a deckFig. 10), and in no direction as a void

Van Leeuwertalled these elementary structure componsetsctors?

If you involve the temporal variatiomlternatingseparatiorandconnection) then a
wedge(to makea separation), a whe@btation about one direction), or val{@oor,
tap, switch transistoy are also selectors. If a separation is seleavith respect to
size or othegualities then you have a sieve (fillenembrang

The membrane a foundation of living organisms.

A cellis a selectivly enclosing membrane (box) that sifts input and output.

This enablesan internal arrangement, which can hold up against the ubiquitous, ever
increasing external disord@entropy).

Tubes in an organism nourish its cellgh low entropy,and theydrain the
superfluous substances with a higher entropy outwards.

This concept of structure is also crucial in technology. Each device is a set of selector:
that worktogether connecting or separating elements from eachother.

The termsorgar, 'organismand’'organizatiohalready suggest that structures at

different levels of scale (bounded by frame and grain) deserve themmpvoach

Vague loundaries extenddifferences
A vagueboundary('gradient, Fig. 5pl7) is a sequence of consecutive differences that
take up spaceoffering different possibilities for survivaFluctuatiors do so in time

Van Leeuwen found more different and rare plant species in gradients than elsewhere
After all, on a broad gradient, for example from high to low, more different species
with different moisture requirements can find their own optimtira (nore generally
accepted concepf 'ecological tolerancd-ig. 11).

A sharp boundary has fewer differences and less species in its envitphoteas a
front line also more competition and dynamics. Van Leeutiverefore proposed to
concentrate our nature policy on sustainable vague boundaries (greaiehtsot on
the categorization of ecosystems with 'taigpcieson both sides

alLeeuwerf1973)Ekologie(Delft) TUD Sektie Landschap p35

b See Rodenacker(1976)Methodisches Konstruieren(Berlin)Springer

¢ Leeuwelrf1965)Over Grenzen en Grensmilieus(Amsterdam)Jaarboek 1964 van de Koninklijke Nederlandse Bataresigieg

d This view was taken over in VROM (1966) Second Policy Document on Spatial Planning (The Hague) State publisher p10@dmad aesul
‘gradient map For a short time this was the norm for nature pdlicyhe Netherlands
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2 | Ecological tolerance The species X flourishes at its optimal height, k
< . . . .
— it is surrounded by languishing specimens x at
z ' slightly too dry or too wet locations.
2 If it stays dry or wet for a long time, these
T mplitude s eraremental varabe  marginalspecimens will flourish instead.
wind, temperature, minerals
too ‘milieu juste’ too i ) _5 Aesthetic quality
little ‘beau milieu’ much © )
high, : environment of species X g
dry : H §
XxXXXX zxx x ] <n]i7n“'amplitude"mi(; Variety
» XX too too
- ;(( X" little 'right middle’ much
A oax X X Jow, monotony | repetition variation chaos
Xx X % : wet boredom | recognition surprise overload
Fig. 11 Ecological tolerance Fig. 12 Aesthetic qualityvarietyy

Thatcategorization howeveryetbecame the basis of Dutdature policy

Ecological categorization is probably the most laborious and questionable form of
scientific categorization It became outdated by climate chalmgelotheraccidental
succession of environmental influenc&be charateristic species composition must
always be adjusted or further divided, but the landsgap@ientsstill exist.

Van Leeuwen'siew has faireaching consequencts the design of scienand for
design itself Categories (setgre primarily determined by exterrdifferencesand
boundaries, and not by internal generalizatiosugfposecequality.

That makesnanyusual categorisati@and generalizatiaquestionable.

Diversity compensatexhangeand the reverse
Van Leeuwerassumed aompensatory relationship between spatial and temporal
variation in the landscaf€ig. 9 p27).¢ He left the causality direction in the middle

'‘Change equalizes (‘pioneer vegetaljprest diversifies (‘climax vegetatigns
commonlyaccepted in ecology, bthe impact ofEquality causes change and
diversitycausesstability is lessunderstood. It becomasiportant f you takeinto
accountabiotic diversity and thaliversifying effectof selectoran the landscape

This 'relation theory(or perhaps bettéregulation theory is criticized with
methodologicahssumptions hitting many accepted scientific theories as well

aln that sense, gradients anddluations are risk coveragfes survival of species

b Onpage321 will use ecological tolerance as an analogue for aesthetic quality.

¢ This 'plant sociologydistinguishes vegetation in areas where the same composition of species is often feocidias and gives it a Latin name.
The distinction between very heterogeneous collections that have something in common yields complex methodologicakpmBienasinée
(1996) The vegetation of the Netherlands (Leiden) Opuluspress. Thesptaaklbgicalvegetation categorization and mapping for the Netherlands,
under the direction of Westhoff from 1942 with an admirable perseverance was established. A treevardnldt least ten bulky folios filled with
tables with field recordings saw the light. Téestem, generally known and accepted aswhesthoffDen Held system, was later regarded as
unsustainable by Den Held in inventories in South Holland.

d Jong(2003)Het belang van ecologie voor bouwkundig ontwerpen en omgekeerd (Zoetermeer) MESO
http://www.taekemdejong.nl/Publications/2003/Het belang van degiedhtm

e Leeuwerf1970)Raumzeitliche Beziehungen in der Vegetation in: R. Tuxen Gesellschaftsmorphologie Strukturforschung(Den HxBa63Jemk
Leeuwen(1971)Ekologie(Delft) THD 3404

f Sloep (1983) Patronen in het denken over vegetaties: Een kritische beschouwing over de relatietheorie (Groningéig t&sartation appeared
at the same university (Groningen) where Van Leeuhahreceived an honorary doctorate for his relation theory a few years earlier.
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This criticismmay belargely overcome byecognizingthe paradogs of scal€Fig. 6
p18) and perpendicularityHig. 5 pl17). Van Leeuwercould be right orsomelevels of
scale but(without contradictiohnoton other levelsThis invitesadditional research
to determine the levelsf scalewherea change of paradigmsaytake place.

Here is especially importarthat the abstract concepts of space and tamnotbe
imagined without directly perceptible diffences and changes. Vice versa they can.
The intellectual constructionspace and timisupposedifference and'changé

EQUALITY SUPPOSESDIFFERENCE

In this study | accept Van Leeuwsmnderlying insight of equality as a special case
(‘'zero valuéor limit) of difference, and stability as a special case of change.
Differences can always be thought of more different, but not always less different.
Less than the smallest observable or imaginable differervadiesl ‘equality.

With a microscope or telespe you can always se®redifferences (even if it is only
a difference of plagdorm). The result isthat'equaity’ does not have to be in logical
contradictionwith ‘differencée, and 'stability’ nowvith ‘change'There is only alegree
of difference and change. That degree, however, may differ per level of scale.

In physics and chemistry, 'equilibriuma’primarily associated by equalitgtability
and high probability (entropy) on two levels of scééw particles(mechanicsand
many particlegthermodynamicsyvith a highprobability of dispersion in spag¢as
long asattractiveforcesare smaller thetherepulsiveones)

Biologists, howeverassociate 'order' and ‘equilibrium' primarily tngh degrees of
differenceandchangeof cells, organs, organisms and organizations in between these
two levelsof scale in physicd.ife concentratesome particledeaving others to
entropicdispersion(differently atmanydifferent levels of sca)e

'‘Chaos' may be popularname for thaliversityof quantities pften caused bgqual
operations (changes) repeatedly feeded back by their own result (iteg§a28p150).
That isnotsurprising if you take equality and stability as special cases of diffefence
changg(such as equal operation®ependicularity solvesgrbal contradictions.

The term 'far from equilibriumthenmeansless entrop, (more ordej.
The term'close to baos' translated as ‘close to diversig/confusing, if there is only
adegreeof diversitywith an infinite maximum.
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8 5 DIFFERENCE APPEARSIN THE SENSES EQUALITY IN THE MIND

Y OU CANNOT PERCEIVE , CHOOSE OR THINK WITHOUT A DIFFERENCE .

Differenceis sugposed in any modality dfig. 3, pl5, in our senseandin our minds
It is the single andbnly requireda priori category for both.

Everything differs, but sometimes wencludeequality.

Every object we give our attention maisst be chosen and separated from a formless
multiplicity, before it can be thought of as a manageable unity.

Our language, our limited imagination and memory force us to select with sharp
boundariesand to further reduction and generalization of dathiwit.

Design, howevetbegins withan empty andaguely bounded object.

Our minds, our language and science reduce every unmanageable multitude in sets
with a labe)] aword. Wordsgeneralize similarities in concepts, types, classes,
categoriesThey raluce the variety of passing images to imaginary equalities, to find
rules that can make our own actions (including thinking) effective.

If everything is made equalnd suitable for repetitive operatiomm@weverthenyour
attention weakengjou get'bored’, andyou needto be surprised by new impressions.
You move between monotony and chaos, boredom and su(prgsel2 p29 and

272). These limits and the optimum between them (aesthetic qudilitgr per person

Alexandef, however, claims 90% equality in aesthetic appreciatfdrumans
For him, it is a trustable human intuitimecognizing the right balance between order
and chaos for selfrganizing systems.

A THIRD OBJECT IN THE IMAGE MAKES THINKING IN SETS POSSIBLE

According to some biologistthhumangdistinguish themselvedsom anmals by the
ability to oversee a series of actions of which only the first is diregigutable

| would add', and of which only théasthas an outwaréunction.

| call theintermediateactionswith a function only within that seriémterfunctional

Making tools, following a course, using language to coordinate actions are all
'Interfunctional actiorisvith a more distant purpose.

Inter-functional actions can also be found in animals (nest construpaoimer
search, hatching care) and even in biochemical processes (chemical patbwiatyse
criterion of Harrison et al. differs in the wolersight the concept, the ceaction
(see note PB) that accompanies or even precedes the successive actions.

You do not have tassumehatbirdsbuilding a nesbversee their reproductiaycle
Such a genetic progracomponent igxecutednore directly by animals than by

aDick Bruna has helped millions of children in different cultuxesecognize concepts by sharp boundatieslers(2006)Dick
Bruna(Zwolle)Waanders

b Alexander(2002)The Nature of Order Book 1,2,3,4(Berkeley)The Center of Environmental siraictomgarized in Alexander(28iNew Concepts
in Complexity Theory

¢ A demarcation criterion between humans and aniidtarrison;Weiner;Tanner;Barnicot(@9)Human biologyOxford)The Clarendon Press

d latin for 'taken together'
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people planningintermediaryactions The input of animalss only a variation
triggeringsubroutines of the compulsory progrénvig search, plaiting, twig search,
plaiting). Theseare carried oulifferently depending omctualcircumstances.

The'overseeingof actions in animals is probably no more than two actions that can be

considered (flee or fight, chasing away or luring, nesting or eatirgjjevnated
(huntingeating).

The urgency is determined by tphysicalstate in which they find themselves.

An 'unblocking stimulu® from the environment triggers subroutines (the appearance

of a prey or predator, the temperature of the approaching spring, the concentration of

chemical attractants).

Peoplehave a greater variation in their activities than repetitive processes or routines.

Humansmay oversee more actions than animals, and three of(8esp60: Three'is
an innate limi) already can explain their variation of activities.

If the overview ¢€on-cept, aco-action see note }8) is a part of threactionsimagined
at the same time, then there is an interfunctiagtibn in the representation available
between the first and the last action.

An actionitself can be includeds an objedn the representation betwetmo objects
such as a start armhend stagespecifying anactivity'.

A verb (an operatdoetween two variables$urrounded bywo nouns: a active
subjectand a direct objedbr result) already enablealanguageof full sentences
Speaking itself is &eries of actions of which only the first is directly executable

If the sequence is often performeah oldemeural systentakes over th&outing.
The serieshowevermaybe interrupted by an incident in the environment.
This can come from outsidand eventuallye a side effect of your own action.

These are often creative moments that distract and open a new route.

Their'third objectgives people more space than ansrtal follow a different series of
actions.The'third objectin theimageis evolutionarily a minor neural mutation with
major consequences.

A memorycannotonly be seen as educational experience from the pasidition to
the sensory topicality, but in the sam®agethere is also room for a future.

This third object thus makes consciowanting possible A third object can contain
the sequence between two stages and develop to the abstradimoe' of

aHall;Meddle;Healy(2015)From neurons to nesisstbuilding behaviour as a model in behavioural and comparative neuroscience(J
Ornithol)156Suppl1p13343

b Tinbergen(1965)Social Behaviour In Animals(London)Methuiscusses numerous examples of unblocking incentiveardgieghat there i 0
way in which anticipateéffects of behavior can play the raéthe causes of behavior, as is the cadaimars.

cFeigenson; Carey(2005)0On the Il imits of infadB8lB8sd quantification of
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From two different objects one similar characteristic can be detached and presented ¢
an adjectivéethird olject (apple, egground): a first form of'analysi$(separating a
property), '‘abstractioh(conceptualization of roundness) and categorization

Two similar objects can be summarized in a thilgext: their'set (round objects).
Two sets of actionspw two objectsthencan be coordinated intoooperatioh

'SET' SUPPOSESA BOUNDARY

Each concept, word or category refers to a sebgcts (extensigrthat resemble
each othef'equal’) in pairs. They are then summarized in one third objectgdte
Concepts are usually defined with eqpabperties

That supposes, howevat first differencewith the restor moreprecise: more
different with the rest than with the other objects in the'skemnienty.

So, sets can beetterdefined with that difference at their inadary

You also draw them that way in Venn diagrams, althoughdgseribethem with
common characteristicpfopertiey. This solves Russédlparadoxhat a setannot
contain itself as an elementhe borders coincide, so thatintains itself on the
outside, but not on the inside: a matter of view direction or definition.

After the similarities, you may discover differences within the set (for example
isotopes of the same element, subspecies of what was first known as ong)specie
subsetsWith the'years of discernmerthe awareness of differences within a set
grows. You learn to make a difference in which was first considered as equal.

Science generalizes by naturecdnnoteasily deal with increasing diveng

Biology is the most used to it. About one and a half million species are known, but
new species are still being discovered and subspecies are distinguished.
Moreover, to our scientific annoyance we must taémitthat every individual

differs within each species (an insight that physicians only reluctantly &kcept

Further classification leads to ever smaller subsets.

Statistics will get less and less grip on these subsets in the face of an increasing lack
sufficient cases. To makedabmpletely unmanageable, it turns out that every

individual ends up in a different environment, and behaves differently in that context.
What then remains of definitions, if you only have generalizing words available?

DEFINING SUPPOSESCONSTITUTING , NOT THE REVERSE (CARNAP'S FAILURE)

A definition (finis is latin for'boundary) requires that the terms with whitne

definition is defined'definientid) are not already included in the description or image
of what hado be defined'definiendum.

That would result in a circular definition floating in the air.

aRussell(1903)The Principles of Mathematics(Cambridge)University Pdss WWW201ettp:/fairuse.org/bertrandussell/theprinciplesof-
mathematics/index

b A drug or therapy would then have to be tested per individual before it was prescribede lteeawerage effect for a group neglects many rare, but
potentially dangerous, individual effects.
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If you then want to define the definitive concepts in their turn, then there are fewer
and fewer concepts that you can usthose definitions. Where does that start?
Carnap (1928)has worked out rules for a definition tree with which our personal
(‘eigenpsychiscHeexperiences can be translated into symbolic I§Hienstitution®).

His Konstitution distinguishesun experiences in numerotesmswith German names
that you have to remember in order to understand the following paragraphs.
Then they have to be assembled into logical symbols to form a long, branched
staircase witldefinition steps:

Later, in the foreword to a second edition in 1961, Caathpitted'dal die
Zurickfuhrung hoherer Begriffe anfedere nicht immer in der Form von expliziten
Definitionen moglich ist'you cannot build a constitution with explicit definitions.

Constituting is something differentfrom defining

You do not have to formulate amgcessargonditions for a subsequentraept, but
conditions ofpossibility. Otherwise you would never be able to makev
representationsSuch a backward constitutie®unusable for designers.

Carnap leans heavily on Russell (19GBg faerunner of logical positivism

That implies that the foundation of our thinking consists of propositions, classes and
relationships. Russell (1902kims in 826 p23: "Diversity is defined as the negation
of identity2.", and in 855 p50: "... differendeecomes a class concept of which there
are many instances as there arespairdifferent terms; ... ".

Then'equality is also a class, or should | just deny it via thagatior?

Carnap (1928 8§75 pl106pncludedhat a constution theory should not start with a

class but with aalationship:'Relationen als erster Setzungen, da zwar von Relationen
leicht zu Klassen Ubergegangen werden kann, das Umgekehrte jedoch nur in sehr
beschranktem Maf3e mdglich ist."

The distinction between relation and class is circular

There issomething in it but in §108 p150 he chooséénlichkeitserinnerungas the
lowest step of his staircase.'Anlichkeitserinnerunca relationship if difference
(according to Russell¥ a class? Perhaps tHatinnerungis the relation and
'Ahnlichkeit is the class you are remembered about.

He calls'Ahnichkeit a relationship between objects, and then put them in a class.
Classes then have an interteagjuality, but they must differ externally, otherwise you
do not know which class ofAhnlichkeiteri you have to remember.

aCarnap(1928)Der logische Aufbau der Welt(Hamburg 1961)Felix Meiner
b I will use this term in somewhat modified sense a&dastitutionand reserve the spellirigonstitutiori for what Carnap means by it.
¢ This shows that you first have to make distinctions (differences) before you can put them back in generalizations)equalities
d Carnap(1928pnly assembles the existinge states explicitly in 8144 p193é auf keiner St uf e gshawhnicbtduschdiet ut i o
Verwertung der Angaben der anderen Menschen, etwas el ementar Neues
emeant as mutual equality
f Carnap(1928)151 p202 " Ein solches Gebilde (z. B. ein Stamm, eine Familie, ein Verein, ein Staat usis. Ral#tion konstituiert werden, nicht
als Klasse, weil die Ordnung der Glieder innerhalb einer soziologischen Gruppe zum Charakter der Gruppe gehdrt. Dighkéritzaéissi
Konstitution als Klasse folgt schon aus der Mdglichkeit des ZusammenfalleRed@nenbestande zweier verschiedener Gruppen."
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The distinction betweemnelatior and'classthen supposeselationshipitself and
there aréclasses of relationshipfelationshipshenare also objects and their set is
again a classlThat whole distinction between relationships and classes is circular.

You just have to consider the scale paradox on two sides.

If there are objects between which you find similarity, you give their set a name that
distinguishes it from other sets. The quarison of objects supposes that these are
mutually different objects, otherwise you could point out the same object ten times
and find that they arequal (or even worse: that there are ten objects).

An object must occupy a place or time that is noupead by the other object, in

order to compare them. That primahjferenceof place or time applies to objects that
we have in mind as well as those that take place outside of us, so that'plac&n
and distinguish therby sensesndin thought.

Thatis, by the waya nice starting point to avoid metaphysical discussions about the
duality between body and mind.

Constitution goes beyond truth

If you reserve the terrgonstitutionfor the suppositions that makeext
representatio possiblea instead ofrue or probable(‘'definition’), then thateplaces
Carnapsdefinitions. It immediately prevents the suggestion that a next step with
definitions only yields the same with other wofds.

It canopen step by step new possibilities, building onatheeexisting.

For such a constitutioalso applies, as in the case of definitions, that the constituents
(‘constituent§ may not occur in the description orage of what is to be constituted
(‘constituendun.

By ‘conceptsl do not onlymean words, but especially imagesconstituing, the
imagesby which you imagine something precede the wgmis make up for them

Therefore, just as much as with definitions, fewer and fewer words or images remain,
with which you can constitute something, if you want to constitute the comgtitue
concepts in their turn.

The question then is, where that ends, or in other words: where starts our imagination
| want to answer that question here. Carnap thought it started with "memory of
parable".| chooséedifference of whichequality isonly the limit.

You cannotderive anything new from equal equalitielsom different differences you
can, even a concept @quality. A number is also a difference: the difference from a
object'l' repeated in two directions: one couint® zero, anotheinto two.

aA suggestion against which Carnap (1928) §151 p203 still has to defend itself with art and flyingwbrk € da C di e Konstitutic
auf Grund bestimmter anderer Gegenstande ... nicht besé&gtler Gegenstand mit den anderen gleichartig sei, sondern im Gegenteil: wenn die
Konstitution é& zur Bildung neuer |l ogischer Stufen f Jlfhenhehastco geh©°r e

explain whatSeinsartis. | think youre working on it for a while. .
b Carnap(1928)8110 p1dfelieves that to solve introducirieilahnlichkeitfor a next step after the firgthnlichkeitserinnerung
That subdivision of equalitguposes secretlgdifferencein thetotal '‘Ahnlichkeit.
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In physics it is a difference from a physical unit, for example the meter that is kept in
Paris, or a difference with the swing time of a 1 meter sling on earth according to
Huygens(approximately one second).
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8 6 A STUDY OF PRACTICAL CONDITIONS REQUIRES DESIGN

STARTING POINT , PROBLEM , PURPOSE AND HYPOTHESIS ARE DESIGNS

By the previous secti@i hope to provieé sufficient insight into mystarting points.
The first principle is the assumption that every representation is bislippositions
(conditions for imagin@on). These are based on a long series of deag@ntacit,
preconditions that have bekarnedone by one in a conditional order.

Theproblem is: some suppositions are necessary, but othaydblock imagination.
The question is, however, which tacit assumptions are strictly necessary for design
(finding possibilities) and which are not, or even counterproductive.

That is difficult to deternme.

The suppositions that suppose each other have a sequence.

To build a house you should no start with the roof, but with the foundation.
The aim of this study is not to cover all usual constructions.

Theaim is to broaden our practical imagination bynevinguselesdlockades.

This should, however, not lead to unreal fantasies, but to improbatirealizable
possibilities You shouldconstruct a minimal set of suppositions which must pass in
every real design procesdy hypothesisof that minimumis a field of 15 "picket

posts' inthe ABC sequencéom Fig. 8 on p26 with which my previous attempt
ended(readU as'is supposed by' denables imagininyy’

Abiotic : difference Uchange Ucoherence Uselection  UcombinationU
Biotic : metabolism U regulation U organizationJ specializationU reproductionU
Cultural: information Usecurity U affection U identity Uinfluence

Fig. 13 A hypothetical constitutiorof the imaginable
Sa Abiotic suppositionsenableBiotic ones Biotic sugpositions Culturabnes
Difference can be addedverywhereSo, changeb (supposesilifference in
difference coherencd difference in changeselectionb difference in coherencge
combinationb difference in selectian

Thearrangemenof this tdble showsalsoa specialverticalrelation

metabolism b difference in combinatigriregulation b change in metabolism
organization b coherence in regulatipspecializationb selection in organizatign
reproduction P combination in specialization

information b metabolism of remduction security b regulated information
affection b organized securityidentity b specific affection

influence b reproduced identity

The conditionald) andp are transitive, so you may conclude: differebidafluence.
The conditional®f Fig. 7 p24 thenalso ould be inserted somewhereFig. 13.

aJong(1992)Kleine methodologie voor ontwerpend onderzoek(Meppel)Bddmepeated here with some changes
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So:governanceb influence;culture b identity; economyb security;
technique b reproductionpiotics P reproductionabiotics P combination.Technique
then may be subdivided intention b function b structure b form b content

Fig. 13is not the onlypossibleconstitution Thewordsalso do not fully cover the
imagel had in mind but hey are the besbveringones | could find.

Themethodis simple: check if you cannot imagine B without A, then A is supposed
in B2 If you can, then A is superfluous and potentially blocking your imagination.

The challenge is, however, to choose and distinguish theargld's and B's in
words. Which suppositions should you to check on their sequence?
Which supposition is the first, whereupon you can bariglimagination?
That suppositionwvould be the only onrot havingany supposition itself.

You need a first suppi®n and an image of the rest, a hypothesis.
That is on itself a design. You may prefer another design. Pleaseit.

My hypothesis ig-ig. 13 onp37, beginning with Van Leeuwendifference’ (80) as
the first supposition. It includes ‘editg as its limit value. 'Equal equalities’ do not
produce something new. 'Different differencds, but it confronts us with a paradox.
There is 'more' and 'less' difference, there is differenchange and so on.

Anything differs. So, different differences suppas¢egoriesof difference such as a
quantiy of difference (more or less), differencecimangedirection (eg dimensions
X,¥,z,t), in content, form, structure, functionintentionetc.of anyobject

The paradox is, thatategoriesof ‘different differences' suppose intereguality.

Van Leeuwen solves this paradox by concerning equality as the least imaginable
difference. Thaimpliesthe possibility of ‘more’ or 'less’ difference within this concept
of difference itself. You may take 'difference’ primarily as difference in spacédut
intentionof designers is also, to make a difference in tiom&nge the second
supposition irFig. 13 on [@37.

| want totest its potential for imaginatioboes it unlock the usual scientific
vocabulary without blocking the possible worlds of design? This |lgtadominantly
linear, but rootsbranctesand crossingarenot excludedan objectcan require more
suppositions at the same tintlee staircase cdme splitin severaldirections

It could have been taskof philosophy to clarify or (r&€onstruct suclstructuresbut
that task hasd®en lying bo long since in Carngp928)the classiclogic failed.
Philosophy gets stuck in the mode of truth and desiralgdityics) it lacks themode
of possibility, designlt still consists mainly oits history.Even philosophers with
assimptionsbeinglong overtaken by science are still ruminated.

There is however an extensive field anoreurgent philosphical research outside

aln this text, however, it depends, myimagination.
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The physical (Abiotic, Biotic) and whether or not shared Cultural or Conceptual
possibilities(ABC in Fig. 8 on p26), are our conditions for survival.

To the best of my knowledge, | will describe some exaspf scientifically often
testedsuppositions in chapter@to 10 as bref and understandable as possihlan

ABC sequenceYou can checkor each component whether the above series suffices.

This should clarifythe boundary wherempirical science st@g@anddesignbegins

A more difficult task then,is to deleteassumptias that are not strictly necessary for a
feasible design, or even block the viemvehat is possible

| amnot able to finish that worky checking every word in our vocabulary.

K NOWLEDGE SUPPOSES INDIVIDUAL CONCEPTUAL CONDITIONS

If you want to know the order of Abiotic, Biotic and Cultural conditions for our
imagination in detail, you will encounter a familiar circular argument.
Suchconditions are alreadyupposd in the'knowledgeof conditions themselhge
Someconceptghereforemustprecede the ABC dfig. 8 on p26.

KnowingABC is then ..cABC .... That firstc of individual understanding a
condition for the second (thecommoty sharedsupposition$.

In order b distinguish theml call this first ¢ ‘conceptual conditiorn®nd the second
commonlyshared conditions famagination 'Cultural conditions

In each of us, these conceptuanhditions havdeen developestep by step from birth
to ever mordearned assumptions: ascABCe

The circular reasoning then is an engal cycle.If | first make a presentation of the
child psychological development that every adulist haveexperienced, then you can
judge from your own experience whether tlegiresentatiors plausible.

If you agree, then a reasonakled of objectvity is created aabasis for next steps.
Carnap (1928galled this foundatioreigenpsychischand took that as the basis for his
'Konstitutionstheorie

In chapter8 p 177, | will start with A as if it were physical facts that exist odesiof
our consciousness, regardless of how or by wiiey are described.

We getimagesof it from everyonss long series ofeigenpsychisch&lementar

erlebnissg but that is flawedit is not'a priori logicd', but conditionally
reconstrucable.Those pieces have to be rearranged and, as a jigsaw puzzle, produce
contiguougepresentatiom more directions.

Our'knowledgéof the outside world develops in parallel {@gitatng, see note p)
as a reconstruction or simulation of what we have observed.
We assuméhat this knowledge enables usstarvive in that outside world.

The possibility oability to know, howeversugposes a preliminary development of
imagination.This development can be reconstructed from individual shithy and
from general cultural Isitory.
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Cultural history beging prehistory with preserveobjects without verbal remains.
The verbal languags a revolutionary invention, a tool that can partially express our
supposecknowledgein a linear, actiororiented, generalizing forpcapturel written.

Within this developmentogic' is created as correction of a limited number of
connectiongconjunctions)n our language (logdsbut not in the world outside.

Logic is notinnate'a priori, but ax inventedanguage tool fomanipulatingsets.
The same applies to mathematics: a logically correct langeraagging tchandle
more equalitiegand repetitions than with which our thinking faculty is equipped.

| MAGINATION BEGINS WITH CHILD 'S PLAY
That | must start with some primitive conceptual conditions, before | systematically
reconstruct theugpositions of our imagination in ABC order, has another reason.

The child psychological development can itself be presented as a coaldsgvies of
suppositionghatconsecutivelybuild on each other.
With this, chapteB p48 offersa preexercise for the systematic constitution

The reasoning afhapter3 is roughly as follows:

You cannotimagine
anobject without different directions;
a sequencwithout different objects (and directions);
a size without tiferent sequences (, objects and directions);
adistance without different sizes (sequences, objects and directions);
aplace without different distances (, sizes, sequences, objects and directions);
aquality (attribute) without different objects in different placesglictance...);
a quantityof somequality (a variablg.

These primitive layers of growing imagination are not congemitatiori categories.
In the longterm practice of the chilslplay, they have been demonstrably taught as
conceptual conditions for adult life.

They each in turn redpe increasingabstraction detachingan objecin all directions
form a contextloosening thesequencérom a setof different objects, disconnecting
the sizefrom differentsequencesand so on.

You could call thisdiscernmeritwith a limit (zero poinf of 'indifference.

Once youreached thgears of discernmen(inot only in ethics)you canmagine
differences of quality and quantityhis is a condition to survive in different physical,
technical, economic, culturahd administrative contextexXternalconditions).

For thatability, readingandwriting is strictly not even necessary.

There are illiterates who have brought it farorder to be able to coordinate actions,
social life does requirelanguagein which differences of quality can be put into
words (actions as verbs, other objects as nouns akishdd of additions).

aDiamond(1997)Guns, Germs and Steel(New York)Norton gives a nice overview of her physically determiatiohevol
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Writtenlanguagehen dramatically expands the number of actions that can be
summarized, memaed and exchanged in oimeage

The mathematical language in particular makes long repetitions manageable with
variables and operator§his in turn demands precision of the everyday language in
which logic(chapter6 from pl103) provides. Inchapterd, | come back on the meaning
of the language itself and ipgacticallimitations for imagination.

These are minimum conditions to make further abstractions and to get to know their
further deeloped, more or less generally accepted assumptions. | will pass some of
this fromchapter7 (p123 to the extent that | have understood them myself.

These are examples in which science has replacémoddrect assumptions in an
empirical cycle with design moments (hypotheses, instruments).

After | have finalized veryoughly some cultural conditions in chaptld p263, | can
put them in tle perspective of subjective conceptual conditions and culture itself.

Thatis just a sketch design, an illustration of the methioshould shed some light on
generally accepted assumptions that are not stretjyiredto make new
representation®) designethencan free heror himself from unnecessary ballast.

SUPPOSITIONS SUPPOSEA CULTURAL EVOLUTION
Child psychology has leads for a systematic sequence of prirsi@sitions.
Everyone has psonally experiencethatsequence

The historicakeguencean which a culturegcience in particular) replaced old
assumptions with new orfesias some parallels with it.

Yet the culturahistorical evolution gives a less clear picture of successive conditions
andsuppositions.

How difficult it is, to abamon socidly shared assumptions is evident from the old
assumption that the earth is flat, or the center, around which stars spin and planets
wander.This was refuted by Pythagoras, Plato, Aristotle, Eratosthenes, Copernicus,
Kepler and Galilé

The parakel with child psychology is thdifficulty, to accepthat not everything
revolves around you, a crisis that every child experiences.
Piagetcalled thatdecentralization(p56). There are events that escape your will.

There arestill cultures and religions that attribuggerything awill '.
In principle children also do this: a ballants to fall.

It takes years to get out of the modality of the desirable and to make way for the
modality of an intersubjective or even objective truth and probability.
Even then you castill attribute to everthing a'divine will'.

aDijksterhuis(1950)The Mechanization of the World Picture: Pythagoras to Newton(Princeton)UniversitgiPessa nice overview. All sorts of
incorrectsuppositions have held up the progress of science for a long time, but they have also been cleared by that same science.
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To be able to place that modality within a much more comprehensive modality of the
possible, apparently also takesicheffort.

After LeibniZ 'possible worldst took centuries before the truth logvas expanded

with necessity and possibildyperatorg'modal logi¢). Modal logic however, still
definedthe potential as a truthased statemeritiot necessarilyntrué (p113).

Thepractical possibilities with which a child without language starts experimenting
from the outset, testifies to a more comprehensive modality of the possible.

Stevin precededGalilei

A nice example of incorrect assumptions that lasted for a long time is the illusion that
a heavy bullet falls faster than a light bullptoportional tats weighf) asassumed

since Aristotle It took almost two thousanyears before Giambattista Benedetti

finally decided in 1553 that a bullet would not fall slower if you split it in two.

Stevinproved that in 1586 also experimentally, when he dropped two bullets, one ten
times as heavy as the other, from the leaning tower in 'DEffey were heard on the

floor at the same time. He could neglect the difference in resistance through the air at
that distance. In any case, the 10x heavier ball was not 10 times as fast.

Galileo Galilet, professor in Pisa a few years later (from 1589 to 1592) did similar
experiments, probably also from the leaning tower on the spot, but the heavy bullet
always appeared to catch the light one

This was no impediment for histans of science worldwide to attributevins
successful test and his conclusion to Galddailure.

aBenedetti(1553)Resolutio orium Euclidis problematum(Venige

b https://adcs.home.xs4all.nl/stevin/weegconst.f8telin(1586)De Beghinselen der weeghconst(Leyden)Plamtigtest is described in thenhand
thereof (p66): "Laet nemen (soo den hoochgheleerden H. lan Cornets de Groot vlietichste ondersoucker der Naturens vedeorgirete ick
ghedaen hebben) &g loyen clooten'den thienmael grooter en swaerder &sder, die laetdamen vallen van 30 voeten hooch, op een bart oft yet
daer sy merckelick gheluyt tegen gheuen, ende sal blijcken, dat de lichste gheen thienmael langher op wech en blijietatedenaer datse
t'samen so ghelijck opt bart vallen, dat haer beyde gheluyden een selue clop schijnt tSglesigox beuint hem daetlick oock also, met twee
euegroote lichamen in thienvoudighe reden der swaerheyt, daerom Aristoiieemde eu@denheyt is onreclit.

¢ Galileitook notes of it, known aSalilei(1592)De Motu Antiquiorabut he did not publish them. €8
http://echo.mpiweberlin.mpg.de/ECHOdocuView?url=/mpiwg/online/permanent/archimedes/galil_demot 094 eh I&Me refutes Aristotle
on numerous points with calculations and thought experiments, among other thingsspeed of fall. But he is confused by the outcome of his
own fall tests. On p84 he writes (translatédgt experience shows the contrary: for it is true that wood at the beginning of its motion is carried more
speedily than lead; but a little later tn®tion of lead is so accelerated that it leaves the wood behind, and, if they are released from a high tower, the
lead gets ahead of it by a large distance: and | have often put this to th€hisstdbubt adorns him.
The manuscript is only published efthis death in 1687, because the inquisition made it dangerous for the autGaligidvas apparently not
satisfied with that manuscript. The only place where you could publish that kind of heretical ideas at that time wasSttiarmbuld publisin
Leiden safely, all the more because he did so in the Dutch language that was unreadable for the irGaidiienentually did so during his life:
Galilei(1638)Discorsi e Dimostrazioni Matematiche Intorno a Due Nuove Scienze(Leida)Emevior safetis sake in the form of a dialogue, so
that the heretical ideas seemed to come from a different mouth. In that, the fall tests diszatsed.Van Helden(1995)On
motion(WWWhttp://galileo.rice.edu/sci/theories/on_motion.hgives an explanation fa@alilei's failed drop tests, blido not like it. In my
opinion, a wooden ball is overtaken by an equally large lead bullet, because the counterforce of the air resistanog (iittreasied) equals the
weight of the wooden ball (its downward force) much more than the weight efatidullet. In the case of the wooden ball, the smaller mass
basically means that after 160 m, (or even earlier if you count the acceleration acceleration in the partial velotitiéstéctiva partial air
resistances) and with the lead ball only e km. Until these points their acceleration decreases steadily to zero, after that the speed is constant.
The wooden ball oGalileilost within a 100m of a tower so much of its accatfien already visible earlier.
Stevin had less trouble with two aullets. The small bullet from Stevin (with half of the wicatching crossectionit is 10 times as light as the
big one) would only reach that point after 1.2km. With a tower of 200m you can hardly notice that differeademacceleration redtion.
In any case, both have proven that a 10 times heavier ball does not fall 10 times faster.
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The same is true for the Dutch invention of the telescope.

GalileTbought such a telescope from Middelburg and made a few improvgnsent
that the invention could be attributed to him.

These are two examples of widely quoted, incongruous, incorrect assumptions that
persist for a long time, but this time to this day.

Useless conventions ofrpiting, writing and publishing hamper reading
Another exampl®f useless suppositioms the conventional way of publishing.

| can be mistaken, but there are some absurd habits in scientific publications that mak
me doubt the mirglof the authorandpublishers.

They are based on illusosgientific assumptions that create annoying barriers to
reading and understanding.

For example, there is a custom to divide a list of keywords ategories, such as
'Person$s 'Subjects(even subdivided ifLatin namesand’'Englishnamey,
‘Bibliography, 'Used symbols'List of figures. This results in unnecessary searching
and browsinglt ignores thealphabeticalfunctionof anindex

Categorization ishe taskof thechapternamessummarized in th&éable of contents
The titles of the chaptersisuld make clear at a glance what they are about.

Instead, the author often invents poetically concealing titles that force you to read
everything to come to the conclusion that it is known matter.

Poetryoffersa differentperspective nthe text, but ibelongs to the end of a chapter
or paragraph, otherwise you do not know what needs to be put into perspective.

The table of contents should be short and at the beginning of the publication or even
on the coer in order to know what you are buying.

A further division of the table of contents as a fssimmaryper chaptesaves
unnecessary introduction and extensibithe titles are not a summary or conclusion,
then it is belletry or concealment of ignorance. Start with a conclusion. | prefer to see
firm assertions as a titléhenyou become curious about how that can be defended.

Concealment in technical terms that can equally well be written in colloquiates p
fattening which | mistrust.
The author thinks it is interesting, but the reader dropsiodig@son the internet.

If you want to proveyour learning, or give access to literature, put those terms in
parentheses behind the normal description. New wardslogismy or new spellings
are crimes against retrieval whproperwords already exist.

| am tired defoliatingn endnotes and literature (sometimes even categorized).
| want footnotes, not numberéughout the bogkbut again per page.

Butter at the fish, otherwise | have to go to the kitchen every time to get thensalt
time tothe literature (where is it?hé other time to pages full of endnotes that are
even also numbered per chapter (in which chapter did Pyead

That is how | already forgot what | was looking for.
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Notes are useful, they create branches with@errupting the line of argument.
Put them to thevord they belong tpand not according to that stupidnventionat the
end of a sentence.

Do that withcharactersbecause numbers are exponents. Eirfkedals away.
One authorténis pointless) withitle makes a reference to literature already
searchablgbut Einstein (1905) is a person differémm Einstein (1916).

That date should be at the forefrawixt tothe author and not in the back.

The subdivision into chapters, subheads and paragréguhalkbws branching, so that
you can refer back to lines to which you want to reconnect.

Pleaserefer not only to a chapter number or figurumber, but also to the page.
These page numbers must be large anéappn the outside of the page.

Branches & indispensable, but | dream of a language that allows itself a glance on all
side streets, such asages.

Images can replacauchtext. Learn to draw, how much time thmay cost.

It saves the reader time and attracts attention.

Some authors make me lasack of sentences and paragraphs that contain more than
four lines. Give space, spaces, but no empty pageg:aphic decoration or lagut
that makes no sense.
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§ 7 THIS STUDY IS A DESIGN

THIS STUDY HAS PERSONAL AND COMMON PREOCCUPATIONS

The conceptual preoccupations preceding the ABQuence of scientific suppositions
in chaptel, 9, and10 entails not only what we learned in our childhood (chapxer
but also some common roots of scienualosophy, logic and mathematics (chapter
5, 6, and7). These fieldgprecedehe described\BC branches o$cience.

Chapters3, 9 and10repeatnct muchmore tharwhatyou mayhave learned at high
school about physics, biology and humaniasslesignd will therefore not refer to
the most recent publications about the subject, but to the oldest | couldtieske T
may testify the moment of their inventionassumedhie authomlasthe designer.

Which suppositions had to be changed at the time of their first design, is a subject of
the history of science.
I will only check the (often hidden) suppositions now lieggifor their construction.

In order b discover hidden assumptions, programming a computer is a beneficial tool.
If you do not tell a computer everything from the beginning, in the right conditional
sequence, it will not work. Yoshouldincludeall knownsuppositions, but even then

its hardware, its language and its softwamnay hidetacit suppositions

As far as possible for mecheckedwvhat | learned with computer calculations.

Calculations require explicit assumptions. Then they go theirneayn
Their outcome does not depend of anything of wisatwant or expect.
You have to see how it works in order to understand it.

What works is true here and now, luitanother context may be fals.

Mathematics works, but | still doubt its hiddersasiptions such as the possibility of
exact equality and repetition.
Everything differs, if not in nature, then in place and therefore in circumstances.

The advantage of a layman's report is that you can leave fewer assumptions unspoke
You cannot leave amthing out of the secret language of skilled experts with all their
learned meanings and assumptions.

Yet it appears that the argument is not always longer, but often shorter.

Probably you go too short as a layman, but there is always a chance thatlyouiwil
professionally ingrained but unnecessary assumptions.

Experts who read my efforts smiling, | ask to let me know where | have misbehaved.

Even if | have misunderstood something, rectification allows me to shift the flow of
constant doubt, to chooseaher path in the environment, to expose the surface there.
The same sediment is everywhere. | doubt too limited, too superficial or too profound
assumptions of | anguage, | ogic, exact

aFor the calculations | use Excel and for symbofperationghe freely available computer program Maxirhé{:/maxima.sourceforge.nyt/
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Science was a beautiful desiguit bor half a century there has been little design
involved if you compare it with the half century before. There are plenty of terrains
with dilapidated ruins lying down for new construction on their old foundations or
with new piles. Which unspoken sumaiions hold us back and which do not?

THIS STUDY COVERS ITS OWN CONDITIONS OF DESIGN

Eachof the chapterd to 10 will end with a template in order to chedk design
contentand the hypothes. Applied on this study itself reads follows.

Fig. 7 p24 distinguishesnodalities, level®f scale contextand object layex of
design. This studthen exhibits the following designdtures.

Modality P((trueY probableY possibléY imaginable)@desirable)

Truth is bound to assertions in verbal language. The headers of this study are
formalized as assertions to be defended in the text that folldvesteadeshould
decideif they areimaginable, possible probable or eventrue, and if sodesirable

The images made or citedannot be true, sincguth' is bound to assertions in verbal
language. They may extend your imagination of possibilfpesbableor no?), beyond
the linearity of verbal languag@&he desirablein this study is, to reduce suppositions
of imagination in order to exterttle divesity of possibilitiesby design.

Levelsof scale(é, 10m, 3m, 1m, é

Changingthe scale may change yauain of thought Paradoxes may appear putting
anobjectin acontext (Fig. 6 p18). A context may changie object and its balers

It may everchange the meaning or significance of womeldending verbal language
It is a method to find unnecessary suppositions for design, the aim of this study.

Context layergp(AbioticsUBioticsUTechniquelJEconomyUCulture UGovernance)
Design impliegheimagination of an object that does not yet exist.

The onlyhandhold then is, an image of its futwentext

The Abiotic, Biotic and(in a broad sensé&}ultural context, and thdifferentways
these are commonly or potentially imaginedsudject of chaptes, 9, and 10.

This studyacceptgheir eventuallylimiting effecton our imaginatiomn onedirection,
butit stresses theunforeseemerspectives the otherdirectiors (seeFig. 10 p28).
Abiotics enable(U) imagining Biotics, and bioticenable(U) Culture after all
Without life, there is n&ulture This studynarrows thiforoad concept of Culture.

It distinguishesTechniqueUEconomyUCulture in a narrower senseJGovernance
The primary position of technige (including design) should be explained

Theknowledgeof techniqus, technologyis doubtlesl part of culturen a narrower
sensebutthe worldwide useof common techniqudsecamea self-evident material
condition Techniques an extension of our biotic abilities of sensagans and
muscleslIt enabksany specific local economy, culture and governance.

Suchbiotic abilitiesarethemselvesecognizables techniqueshotosynthesis is a
biotic machinery ig. 205p229). Thetechnique by whiclhve move, look, and breeze
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arenot part of a specific culture, bhiotic abilities.Cars, televisions anghouth
masls extend these abilities. Thdorm differs. Thatis ‘cultural' in a narrower sense

This study concerns econongylture and governance dssignedontexts
That supposes an intention, function, structure, form, and contentdesicmed
The technique of design then is a human ability, precedingpengrculture and
governance, building on preceding biotic techniques.

What then is thebjectof this study as a design?

Obiject layersP(ContentUFormUStructure UFunctionUlntention)

The contentof this study is summarized in its index on p2§8and further
Theform resembles that of a treeots (chapter to 7), a trunk(chapterB, 9, and
10) and a crowr{chapterll, still in its infancy).

Thestructure is separation of braes, connections by condition®r U.
Thefunction of eachchapter isto enablemaginingthe next one.

Theintention is, to enableextendingdesign beyond probability.

THIS STUDY OBEYS ITS OWN HYPOTHESIS
This study answers its own hypotheiig. 13 p37:

A difference Uchange Ucoherence Uselection  UcombinationU
B metabolism U regulation U organizatiorlJ specializationU reproductionU
C information Usecurity Uaffection Uidentity Uinfluence

That hypothesisontainsthe previous modalities, levels and layers.
This study makes difference between unusual categories of modality, levels of scale
and layers of context and object.

This studymakes achange something different from 'now'.

Change includes 'zero change', continuity.

This studyalsomaintains many usual concepts summarizetiénindex, but it places
some of them inthe different largercontext of possibility.

You may interpret¢hatas a scale jumphanging their meaning.

That change of meanir@anbe paradoxical, but it becomesherentin the image

An image has more directions than verbal language. A contradiction may become
coherent® the contradictingyerbalassertion. Separation in one directalows
connectiom* the separatiorStructurep coherence continuity in change

Thatstructured imager@blesselection and selection enables neambinations.
This study selects a few concepts, combining them in some new combinations.
Whether it will enable differemtombinations in youmetabolism of concepts
enabling changing that metabolism fiegulation and so on, you must decide
yourselt
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3.PHYSICAL MOVEMENT ENABLES IMAGINATION

8§ 8 Physical movement enables learning...........cccoooeiiiiiiiiiimiiiie e A9
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8 8 PHYSICAL MOVEMENT ENABLES LEARNING

| assume there iswaorld outside of melt changes when | movédo not share the
solipsisticidea of idealists from Socratasd Platanwards. The world is not already
contained immy mind. Continuouslytransient impressions provide me with news in a
multitude and diversity tannotcontain, let alone make up myself.

That diversity must therefore come from somewhere else than from me.

This is all the more saf others tell me to have seen, felt, heardgmelled something
similar. If that is also different, then that only makes even more convincing that |
cannotinvent everything myself or have inherited itaasa priori

From that variety | detach objects that look similar to eachr ¢tiier mutually less
than from the rest), to hold them as an image.
But | oftenget new impressions, of which | have no idea yet.

How did you and | then learn to find our way in a constantly changing chaos of
impressions (Piagsttableau mouvaft)?
How did that start from birth and possibly even beftgreefatally)?

Science remains a human design, a reconstructioragitaiion(see note p8).

This chapter is not intended to rewrite conventional child psychology.

| acknowledge that existing scientific possibility to reconstruct the developrhent o
thinking capacity, but there are other designs possible.

This chapter argues one of those other possibilities from the physical conditions at
every stage of development as we think we know as adults.

It then argues which assumptions carbb#d onpreviously constructed assumptions.
Postmodern difference thinkirdid not yet succeed in this.

PIAGET INTRODUCED MOVEMENT AS A CONDITION OF LEARNING
Piaget has uncovered the importance of own movememitor skills') afterbirth.
His influence has been great, for example on education.

After his publications full of experiments with children, they got more gymnastics and
sports scheduled and they were allowed to stand up from their chairs in the classroon
without being asked.was not allowed to deoyet.

aFor exampleBerkeley(1710)Treatise concerning the principles of human knowledge(Dublin)Pé#ps@ is no object without a subject

b Piaget(1937)La construction du reel chienfant(Neuchatel 1971)Delachaux et Nieptie

¢ See for exampl®eleuze(1994)Difference and Repetition(New York)Columbia University Press

d Piaget(1966)La psychologie derfant(Paris)Presses universitaires de Framemte this publication here and in the following as Piaget(1966),
because his other publications relevant to my pepese been summarized sufficiently for the time being. You will find a complete list of partly
downloadable titlesttp://www.fondationjeanpiaget.ch/fip/sitébliographie/index_livres chrono.pl{R016). The relevance is evident from titles
such as(1926)La représentation du monde cHeafhant, (1927)La causalité physique cHemfant, (1937)La construction du réel chenfant,
(1941)Ledéveloppement des quantités cHemfant: conservation et atomisme, (1941)La genése du nombréerifantiNeuchéatel, (1942)Classes,
relations et nombres: essai sur les groupements de la logistique et sur la réversibilité de la pensée, (1945)Latosyratiote chezdnfant:
imitation, jeu et réve, image et représentation, (1946)Le développement de la notion de tem@sfahgz1946)Les notions de mouvement et de
vitesse chezdnfant, (1948)La géométrie spontanée'elefant, (1948)La représertion de espace chezeinfant, (1966)limage mentale chez
I'enfant: étude sur le développement des représentations imagées, (1966)La psychdegantesh (1970)Epistémologie génétiqueonly refer
to this in special cases.
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Previously, the psychologists tried to understand our mind primarily from sensory
pereption and associatioif he rest they attributed to innate facilities that apparently
did not need aexplanation (a kind of Dei ex Machina, axiomatic shyness solutions
like the a priors from Kanj. After Piaget, however, some a priori's revived.

The development of our imagination in the first two years is shrouded in mystery in
the absene of expression in language and drawings.

Fromamowving child (Piaget's 'sensomnotor phasg, however, you can draw up
‘action plans schemes building on each other.

Piaget observed them, did wonderfuperments, then concluded stages in the
development of that sensemyotor phase, and left it at that.

That is empirically pure, but in my opinion there are unspoken assumptions in his
conclusions that seem to be unnecessarily a priori.

There is more learmkthan what we have words for as adults. Our words generalize
They have unspoken assumptions that childeenot yet have.

According toPiaget mental imagearise onlyafterthat sensommotor phasé.
The stage oimitative gamesjs followed by symbolic game

The used symbolgeta meaningn the acion, notyet labelled with wordsbut
their use is a preceding condition for the language acquisitidrthe mental
formation of imagesFor psycholgists, language is the beginning of the story.

Synbols (for example dolllesemblesarlierimpressiongpeopleand their actions
Only then symbolscan getabstract signs, such as worto(l', 'humarny), which refer
to more similar impressions at the same time.

So, &cording to Piaget, thosymbolsare the forerunners of the mentakhge

I'm going to reverse that

If symbolsresemblampressions, how can that similarity be perceived otherwise than
by a previous mental image {peesentation) that is laid over bothses (eg human

and doll)? Only through a mental imageprior impression (human) cangemble

(show less difference with) the later symbol (doll).

This alsomayappl to the imitative gamdt requires the@ransfer of other peopke
movements to yours'he impressions of both (seeing and doing)vany different.
Think of yesnodding, neshaking orday-waving: what youseedoing is totally
different from what yowo. How do you explain that imitative relanship?

The questionthenis, however, how monkeys and parfatan imitate too.
Do they also have a mental image asn@rfunctionalintermediary?

a Samet;Zaitchik(201)Tnnateness and Contemporary Theories of Cognition(The Stanford Encyclopedia of Philosophy)Fall edition
https://plato.stanford.edu/entries/innateresgnition/Carey(2015)Theoriesf development In dialog with Jean Piaget(Development
Review)Elsevier

b Piaget(196)69

c It has been discovered that birds also have enough brains to be able to think like primates (eg imitate?):

Olkowicz(2016)Birds have primaié&e numbers of neurons in the forebrain(PNAS)0613 1517131113
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Do the totally different impressions of two eyes on each side of a'fhbessd also
produce one€ombinedmental image (representation) that can apparémdyk'?

However that may be, with the opposite assumption that there is already an image
before it gets a name, you can make a conditional series of stages in child
developnent different from that of Piaget.

AN IMAGE PRECEDES ITS NAME : VERBAL LANGUAGE REFERS TO IMAGES
You can interpret the experiments of Piaget and others differently and observe
children yourself, avoiding to take any adult skidenceptsand words for graed.

Piaget takeshe adult logic, physics and biologpo muchas a starting pointrying to
find backtheir traces in the childlike expressioidut you cannotunderstand the
development of a slug house checking at each sthgélooks like our houses.

It is a blockingsuppositiorto project such images baakthe childs development.

Imagine the limited possibilities (conditions) in a newborn child. | do not suppose that
at birth there isiothinginborn (tabula rasq. There isa neural system. Prenatal
movement reflexes are visible and they are repeated. As soon as a child has success
with something, it lapses in repetition. Tavhat adults do also, by the way.

| leave the conditions for that repetitiand otheskills (execise), to the biologists,

but repetitioncan be found everywhere in nature (stretching and relaxing of muscles,
heartbeat, breathing, routines). Physicists also know the operation of a pendulum and
of waves with their sinus movement. Rating makes equal changes continuous: a
scale paradox of change and continuity in time.

The primary question is: which representations of the world around you are possible a
all in the firststage, and which conditions have to be fulfilled in successiarder
to build up more comprehensive images.

Only then you can ask Piaggeteverse question: what must have preceded the skills of
maturity that you discover in subsequent stages, described in observations (such as
that of Piaget and his successorfs3ubsequent phases.

In order todesigna comprehensible conditional sequence, you have to alternate these
two questions, starting with the first.

As ameticulously empiricPiaget supposed nothing more thdtableau movantn

the beginning and then ltencentrated on the second question reasoning backwards.

I will first reason forwards as a designer, in order to explore the possibilities of the
newborn as soon as it applies and explores its new possibility of own movement.

M OVEMENT ENABLES A D ISTINCTIVE ABILITY

| assume that after birth the discernmendifferencess the first condition to see,
feel, hear and so on, and therafter to imagioéink andchoose something (an
‘object). | therefore refrain from the habit ohmediately thinking in categories.
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Words are general categories or classeanhotexpresany line of thought without
words, but categories exist primarily through their mutual (extediérence not
the other way around (by its interrequalities.

With ‘difference you immediately think of the differences of some quality, as you
perceive them looking or groping and represent them as well: color, shape, texture.

You can then add the impressions from other senses (sound, smell) to that quality.
Thatstarting point, however, always led me to discover that there were still unspoken
conditions missing for future skills, for example difference of placdictiori.

If there is a constructable sequence in the conditions that allow us to distinguish
differences of quality, then it is first of all necessary in advance, that you can
distinguishobjectsin between which the difference occuiabfect constancy.

This requires the endless parallax exercis#sserved so often. Parallax requires
repeated own movements, but what does that parallax mean for the newborn?

M OVEMENT ENABLES A SENSE OF DIRECTION

You cannossupposesomething as abstract ‘dgectiori in a newborn.

Directionis part ofthe practice of every movement, especially in the movement of
your eyesOnce they are open, they havei@w direction, but that may be just adult
talk.

A newbornhumancannotunderstand (subpose)anything yet, let aloné&irection.

It is nothing more than imagined movement

Plants may move guided by sunlight, but tikapnotleave their location.

Animals (like us) differ from plants by the possibility of free movement.
This movement is focused on fleg, fighting or eating in order to survive.

In their movements numerous muscles must be coordisatedtaneously or in
succession. What triggers and guides the effective muscles?

Perhapsthinking is only a further development of that old capacity to coordinate
partial actions in an inborn reflex, in a learned routine, or finally with a conscious
Image of simultaneous or successive actions.

Movement then is an evolutionary condition fbinking'.

Especially moving with your eyes is impressive. It changes the whole world, while the
previous world is still afterglowing. That must be incomprehensible in the beginning,
but it is a seHgenerated, akkncompassing sensatiohdfference.

As adults among each other, let us call thiffierence of directiorfor the time being.

M OVEMENT ENABLES LEARNING
Movement remains crucial in every subsequent phase. As adults we can release and
quantify sonething like speed: distance d divided by time t (d/t).

We express it, for example, in the number of kilometers traveled per hour.
If you include the mass m, you get an even more complex coreeyotint of
movemernit(m-d/t, impulsé), and both have a directiolvéctor).
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If they both have a direction, why should you distinguish between movement and
direction as a baby? Direction is at most an animal feelirigr¥ard! or 'get out!,
possibly connected with, and qualified loigsire and fear. The only result of your
movement is a difference, and that is noticeable with all senses.

There is still no observable distinction between d afttistanceéand'time'.?
You only notice their quotienwhen you bumpo something.
‘Nice' is, if the value of that ratio is low (slaugh), otherwiséain (sq, cry).

Consciousness of differencesnmassonly comes when you starandlingthings, and
'space or 'time' come even much latevlovementb change, a difference with now.

Everything isnow, with an aftefimage in your eyes, an aftegeling on your skin
(pain!), a reverberation in your ears, which odiffer from the current impression.

Memoryis nomore than an aftamage yet, and that is alsww. Later you have to
learn from gurus again, to unlearn stress. Regret? Care? Nonsense all. Adult talk.

aEinstein regarded speed as a primary quantity, of which space and tideriaesl He seems to have asked Piaget if you have to suppose a sense of
time in children before they could develop a sense of speed with the help ¢f thig.way Kansa priai of space and time would be refuted
The fact that children initially do not distinguish space and time in a movement seems to follow from a note from P)get{d @67n the
Dutch version"Like some primitive painters, the child will indeed toyrealize the chronological development in a single drawing: sees, for
example, a mountain with five or six males, while it concerns a single persoe iorf8ix consecutive positiofis.
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8 9 A SENSEOF DIRECTION DEVELOPS AFTER BIRTH

A FRONTAL FOCUSDIFFERS FROM A LATERAL PLANE

Directional distinction in frontalocus(forward from the observing and thinking
subject), differs* from directions in the plane on which images are projected (the
retina or the skin). | will call these directions ‘frontal' and 'lateeapectively.

When you change your focus frontally, then you see something changeyaterall
You can scathe lateral planén arbitrary directions, until adundary(continuous
difference)appearsYou may recognize from previous impressions.

Without a connection with your own frontal movement & direction, you cannot
yet understandhat lateral change of your image.

Every ability to distinguish requires a sense of frontal and lateral difference in
direction. That awareness should have its origin in the senses.

Moving into an object, requires a complex coordination of muscles and some
awareness of different directions, but these are distorted by perspective.

Animals can orientate themselves too, and sometimes even much better and faster.
What then is our advantage?

Perhaps we can imagine more directions than ‘forward!" or 'get out!".

In any case, | cannot imagine a length, surface, content, form (in short: space and its
geometry) without a primary distinction of differences in direction.

| even suspect that any distinction requires a distinction of directions.

ALL SENSES ARE DIRECTION -SENSITIVE

A prenatal directional sensepsobablyof no uselt therefore does ndtave to
develop in the embrydn the mothes belly it probably has no othdirectionfactor
than gravity, and there are no tangibldatiénces in pressure distribution over the
swimming body.

It is conceivable that other senses such as hearing, smell and taste do give prenatal
Impressions, but they do not have to be direesiensitive yet.

What is the contribution of different sengesur directional sensitivity? | do not
know which senses become operational successively after birth and in what proportiol
their influence on the sense of direction then develops. So the order below is arbitrary

The touch, pain, heat and cold sensitities are probably the first (already at birth)
and the most impressive sensory impressions. They are mainly localized in the skin.
How do they contribute to the primary directiosahsitivity?

aA nice exampleClombelli(2016)Vocal imitation of mothisrcalls ly begging Reebacked Fairywremestlings increaseparental provisioning(The
Auk Ornithological AdvancgVolume 133 p27B8285, http://americanornithologypubs.org/doi/full/104HAUK-15-162.1shows that birds learn the
songs of their parents already in the egg.
According to Piaget (1966)epeated reflexes (such as exercising with the gripping ability of trdshare prenatal preparations for tetdoor lifé
that will develop after birth to more complex habits (such as targeted gripping), adapting oneself (physical adapfasomtel¢ctual
association) to the new demanaf the postnatal environment
For my argument it is important that of the prenatal reflex rhythm, repetition of once effective movements remains.d&eptitiin is then a
priori innate. It occurs everywhere in nature. For that | do not have to look for any reasoned conditions.
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Adults can pinpoint the stimulus placéhey are placeonscious, but in newborns you

do not have to assume that. It is conceivable that newborns only have an unconsciou:
avoidance reflex that automatically follows an opposite ‘flight diratbblimbs,

body parts or the entire organism.

Without the ability to crawl or walk, the ability to move is not yet fully grown.

It cannot contribute otherwise to the sense of direction than moving eyes, head and
limbs. Whether the awareness of body pt&s (frontback, leftright, topdown)

already plays a role in such an avoidance reflex is also questiénable.

In adults with all movement possibilities and their upright gait (with a clear top and
bottom), such a notion has the role of coordinates togwthe stimulus (threat or
attraction) can be localized and a flight or approach direction can be weighed.

The hearingis in principle directiorsensitive due to the placement of our ears.

I do not know at what sgge that difference in direction between the two can be made
out of the child's reaction. Sound directions can probably be associated only later with
other impressions on the lafght polarities of the body.

It is clear that the unique designation oft'lahd 'right' due to the symmetry of the

body takes a long time (at least | needed a mnemonic for a long time: 'right is the side
by which you write")Making a soundts directionless, but it does give a first effective
influence on the environment. Sowwill repeat it (cry!).

Odor sensitivity can be decisive in animals.

Butterfly males can find a female at a great distance due to the concentration gradient
of her scattering fragrance (‘pheromone’). The role of otlomamumans is

insufficiently known to me, but it is conceivable that it brings the newborns on the

trail of their mother, such as kangarembryos look for the pouch.

Something similar can be assumedtiste sensitivity, which at the same time as the
sense of touch of the hands, lips, mouth and tongue, arouses attraction or disgust.
The tendency to put everything into the mouth and make it 'own' that way can be more
difficult to associate with sense of directionripsps with the body polarity in which
mouth, nose, eyes and bringing the hands to the mouth point in the same direction.

Due to their variable direction efsion, the eyes orientate without any other

movements fromhte moment they are open, even though this can already be prepared
by other senses. Direction could then be an important factor in the integration of
impressions from different senses (‘'synaesthesia’).

Any change of/iew has very different impressions as a result.
To be able to change these impressions yourself should be an enchanting impression
(if there is at least something different in the environfent

a Sinnott(1960)Plant morfogenesis(New York)McGradilt , distinguishes very illuminating in all living beingsolarity as the first principle of form
alongside (perpendicularly) symmetry, and (wrapping around it) spiral formation.

b In an orphanage with foundlings who spent a long time in bare spaces with few stimuli, a relatively high mortality wad:observ
Spitz(1945)Hbspitalism An Inquiry Into the Genesis of Psychiatric Conditions in Early Childhood(Psychoanalytic Study of the Chifd)1, 53
Dember(1979)The Psychology of Perception(New York) Holt, Rinehart & Winston
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Fig. 14 Visibility from the centef Fig. 15The field of view of children and adults
(in degrees from the centéY)

The center of the eyavith the highest concentration adnes(Fig. 14), produces the
most detailed and colsensitive part of the image.

The surroundings of the center will decrease from thecelor and detail.

The biggest differences of brightness and color (contrast) attract attention, focus.

For adultseye movements are difficult to make gradually (just try it). They lead

jerkily from one object to another. Compare the sudden head movements of birds,
probably giving time to assimilate separate impressions. Directions and corresponding
impressios then can be clearly distinguished. Newborns may not yet distinguish
objects, but surfaces with the greatest differences in color, clarity and detail.

The field of visionof children is smaller than that of adulisd. 15), but it can
eventually be extended with head and eye movements by intellectual composition to &
‘panoramitimage

In the beginning, you do not havedistinguish the various impressions by your own
eye movement from the changes in the image itself.
In other words, you do not have to suppose a distinction between space and time.

This only becomes topical when you learn to distinguish between what yao can
yourself (different impressions), and external changes that you obviously cannot
influence (unless you can magically conjure, a wish fascinating everylatatjl

That is also the painful moment when you have to make a distinction between 'me' an
the rest. In other words: if a solipsistic ‘all' cledshgaks apargour own movements
from the arbitrary movements around you. Piaget calls that 'decentralization’.

You cannot assume depth perception in the beginning, although the stereoscopic
Image withtwo eyes is selévidentfor adults. Animals with eyes on the sides of the
head may also not directly construct a stereoscopic image. The first impression is as
flat as the retina or skin that passes on the differences. Perspective is constructed frol
two very different images, supplemented with movement.

'‘Distancethen only relates to directions in the lateral image plane and becomes
plausible from differences in direction of te eye. The frontal distance between the
observing subject and an object is probably associated with the lateral image much

aAnderson, D.R. (1984Testing the field of visio§St. Louis) Mosbyhttp://www.msac.gov.au/pdfs/reports/msacrefl3.pdf
http//www.msac.gov.au/pdfs/reports/msacref13.pdf
b http://www.shef.ac.uk/personal/l/lgf/visiondeafittp://home.zonnet.nl/jcamps/gezichts.htm
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later. With that, you can finally also make an objective image of yourself as an object
in the midst of surrounding objects (‘selfjectificatior).

Own movements of head and body (motor skeisable a construction of depth in the
image by lateral parallax and a frontally disappearing foreground against a staying
background by crawling or walking.

Graspingtangible and apparently still elusive objects in the image, the motoric insight
of depth is rewarded with the sense of touch.

Appropriation (putting it in your mouth!) gives direction and grip of hand movements.
Grabbing to elusive objects changes toriing with a finger'.

This finger pointing occurs before (and is an important condition for) language deve
lopment. It is the first sign of ‘referrihg

It is conceivable thadther direction-sensitivesenses have been developed in the
animal and plant world, such as the orientation of migratory birds, the orientation of
plants on the sun, and so on, but | assume that these have a subordinate role in peop
with highly developed other senses.

So, diredbnal distinction can be made by all sensory impressions.
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8§ 10 OBJECTUseQUENCEUSsIZEUDISTANCE UPLACE UQUALITY
'"OBJECT' SUPPOSEDIFFERENT DIRECTIONS

‘One' (object) enables a logicalno', refusing and wanting

If parallax exercises allow you to permanently separate a moving part in the field of
vision from its backgrounddbject constanc), then the first substantial spatial
difference emerges: object and rainject.

The sense of directiostems from different senses. It enables targeted gripibithge
object is also accessible and tangible, then you will get a pigmgeron the object.

‘Com-prehensioh(prehension igrip’) supposesepaating a seHmade representation
from the impression. You can rememberpresent (make present) the object without
input from the senses (imagination). This imagination, however, is a strong reduction
of the first impression. From that information yowéalemonstrably made aware

very little.2 There remains only a tiny part in your memory.

Many elements associated with that impresgsonell, sound, context), however, can
remain associated with the representation of the object.

With a next impression, a similar objectrsdefinedandif apparently necessarihe
representation is adjusted (expanded or limited).

In the impression idf, the focus and attention on the object is concentrated, while the
rest (norobject) in the outwardly fading periphery remains largely undetermined.

Object constancy then is a necessary condition for the development of another
('logical) concept for tat indefinite rest (the denial of the objegtour first
conjunction'not (although that does not yet have a name).

That makes refusing possible and wanting of whabtshere.

If an object disappeatzehind something elsénthe nothing and then reappears (the
essential game gbeeka-boo), then there is a moment of indeterminacy (loss, hope,
expectation?), upon which resurrection is resolved by recognition (relief!).

This recgnition after a short disappearance is initially not yet essentially different
from the recognition of appearing and disappearing images that you pass moving and
re-appear looking back.

The first object you notice in this way is probalgbur mother.
Primitive memory mainly stores what is useful for survival (food and care).
That can be sobering for aduits.

Adults mainly think to be seen dsiman by babies, but that may be an illusion until
the second yeaWWe may be no more than objects that may or may not be wanted.
| observed that the eyes of a one year old child continued to look straight ahead, while

a According to Silbernagl(1991)DT\aschenatlas der Physiologie(Stuttgart) Thieme p274: less than 0,00001%.
b The answer of two children at the age of two wiere able to answer on my question "What is a mother?" Bégahd warm".Seealso
Piaget(1966p28in the Dutch version

58



my head passed her field of vision. Sherelaughed with pleasure, but not at me.
Probably she was still only fascinated by the change of background at the more
permanent foreground of my head (para)fax

You must already have that stage long behind in order to be able tioudéstrour
attention to mor¢han oneobject.
If two objects move in different directions, you can no longer follow them in one go.

'Two' enablesdecentralization of the individual
In order to distinguish a secoonbject from this first object, requires a further kind of
distinction:difference of object

For example, to be able to distinguish mother and father from a distance, requires
more coupled associations (soft, warm, drinking! or moving, nfralgking!®).
That requires a more advanced pattern recognition than parallax alone.

A second objeatlaims its own focusadded to the image that you have just released
from the first object as a memory, incorporated witfoar own (solipsistic) unity.

If they are similar, you can still experience that as movement, unless they move in
different directions. If they differ in character, then that second focus is no longer part
of that unity, there is something else. Iing, but not'nothing.

The unity in which everything is yours may fall apart.

This P room for morémemory placéshan the one immediatly recording your own
recent movement. That increasing memory space may be occupied primarily by the
successiomf reducedmpressions, a primitivgpast.

Being able to crawl and walk creates a new revolution in imagination.

This experience of own movement through different places enables an awareness of
sequenceorresponding with the sequence of impressions.

The subjectme' b a centre in which all directions come together.
The primitive past, the sequence of recent impressions and objects may disturb that
unity of the subject with its once observed and incorporated object.

In adult terms it raises the questiaras that me?because that imagined past is no
longer the actual centre. THdecentralizatiorrequires dsubject constan¢gnabled
by sequencef movements on your own initiative.

At a later stage you may restaihe unity also summarizing and remembering a series
of similar objects as an object on itself (set).

a'l remember my niece celebrating her first birthday. Grandma held her on her lap saying "Quiet my darling, quiet!". 8ygdleeysng all the time
kicking her legs. | had been reading Piaget recently and'&wig: her to me Grandma handed me thelchand | helped her kicking legs to move
her body up and down to see my face alternating with the background. She started laughing! Grandma, somewhat embaglassid |tved me
more than her, but | explained her the baby was experimenting pacdlnging object and contasxy moving up and down. She did not see me as
a person, she tried to understand the difference between my face and my backggbdrht is why moving on a swing sata seesais so
fascinating forchildren: Jong(2005)Child perception(Delft)Contribution ChildStreet Conferenéef@ugust

b Excuses for the stereotype of the parent role of wife and husband that seems to be expressed here.
| do not know the difference a baby may observe, buetkasnple is only meant to indicate that once diffgrence of objecthould be observed.
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That is another kind of order than sequefideat set may once get a name (a
denominator), to be manipulated-actively again on your own initiative.

However,differentobjects can only be summarized if they share the gdace of
one impressionbut the concept of differefiilacesrequires suppositions that have not
yet been constructed as a concdpitferent objectsstill cannot béplaced

Objeds that do not obey your own movements should get their own place, but then
they are no longeyours.

‘Three' is an innate limit

After PiagetFeigensorandCarey(2005)discovered that a baby shortly after birth

can distinguish sets of 2 and 3 elements, but not of 3 and 4.

So, 3is an innate limit, but a third object in the image enables the construction of next
numbers. In general, it enablesmanthinking at all (j31).

'SEQUENCE' SUPPOSESDIFFERENT OBJECTS

Repeatedly moving yourself along the sasraes of differenbbjects, repeats
impressios in the same orde@wn movement combindgke sequencén time and
spacestill without any abstractistinction betweespace and timdzrom these
repeated impressions you cadetachand use theepeatedlybserved sequence.
Thiswill enablelaternumbering and counting

Sequence then can be associated with (and transferractitm)ssuch as crawling

and walking. With this, people can finally see a series of actions of which only the
first is directly feasible and only the last satisfite@nly thenumberof intermediate

actions (such as making tools and using language) distinguishes people from animals

At this stage, it may be useful to play with animals, because children can identify with
thar arbitrary behavior without intermediate actiomgrth mentioning

As soon as they recognize the sequential arbitrariness of their own actions that they
still see in animals, this association contributes to their identity (distinction) as a
human beingPlaying with animals introduces the hunidord actioriin the game, a

goal extending the series of two actions (eg throwing a ball extends tsaalagne

of 'run and catch.

'‘Sequence’ later enablesjuage use and calculation.
In theopposite direction a series of words loses its meaning.

Any qualitativeconsideratiorsupposes series (from low to high valuation) that can
fill simple blackandwhite thinking with nuanced intermediate values.
Everyquantitativeassessment will also sopse a series (from small to large or from
little to much).

aFeigenson; Carey(2005)0On the I imits of infad8lB8sd quantification of s
b A earlier mentionedemarcation criterion between humans and animals accordifartison(1970).
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| cannotimagine a sequence of objects withtlitectiori.
Sequencasupposesbjects and a direction image howeverhas a story in all
directions. That gives rise to different stories, dmetefore widens imagination.

'SIZE"' SUPPOSESDIFFERENT SEQUENCES
In the lateral image, the difference of size is relative.
One object fills the field of vision more than the other.

The impression of amall remote object also increases when approaching.
This happens in a fixed order from small to large, but these seeming changes in size
still stand in the way of an awareness of absolute size and distance.

An approaching or approached objeeentually becomes tangibl€hat gives a hold.
What comes within reach is first given two absolute values.
Handable objects atemall, nonmanageable arbig'.

With the'growing upitself, intermediate values arise of lesgd morenanageable
objects, associated with their own effortslght' and'heavy. The focuss naturally
on the largest, most screéling object, but that also offers the greatest chance of
unmanageability. The boundaries of manageakalry explored and shifted.

This creates a feeling for the order of sizes between manageable and not yet
manageable. It must be a fascinating experience to be able to hasdiarger
objects, such akarger one'scan.’lf you are big, you can do everythihg.

There arésmallet and 'bigget brothers, sisters arfdends.Many qualitative
associations are linked to this selfident orderbut size becomes distinctive.

'DISTANCE' SUPPOSESDIFFERENT SIZES

Distances are distorted in perspective in our visual image.

They also change with movement. How do you construct the absolute distances
between the objects in your environment from tieddtivity?

Own movement lets objects disappear sideways from the field of view, while the
frontal object of focudills the image until it is tangible

The laterally increasing distances in the image (widening, removindisaplpearing)
must be related to the progressively decreasing distance of approaching (from
unreachable to tangible). Both suppose a sequence

To make that connection seems a difficult task, butthagordination between
frontal and lateal is a prerequisite for a 3D concept with absolute distances in
different directions. Only in this way objects do acquire a unique and mutually
determined place in spacEhis also gives stereoscopic vision (in fact an inborn
consant parallax) its spatial content.

'Distancéin the lateral image initially may be no more than a difference in viewing
direction.'Distancéin the frontal direction is initially only the difference between
unattainable and tangiblénaccessiblas 'not tangiblg but approaching bridges that
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contradiction by one own effort. Own locomotion relates both to eatter, through
the advancement with respect to laterally passing objects.

If all of them have disappeared from view, only the forward object remains, and
finally becomes tangible.

A reminder of sideways disappeared objects givesnmadiate values betwa
unreachable and tangible ‘afmost tangible('l'm almost therg

The geometric concept afistancéitself, howeverjs still difficult to understand.
After all, it can only take meaning in the abstracthing between the objects
That objecinegativenothing is only determined between objecigysaw puzzledo
establish a connection between object and missing qalnjectobjec).

By filling up, a void is giverthe dimensions of an object.

Jigsaw puzzles with pieces of different sizes and shapes would practice the concept @
absolute distance in different directions. Jigsaw puzzles with pieces of the same size
require other additional impressions (shape and kolor

You can also fill thenothind between objects, by grabbing them and bringing them
together, stacking them, or colliding them with a blow (associating hard or soft sound
with your effort).Conversely, you can throw an object out of the box.

That makegshe frontal distance larger and the object smaller, but also unreachable anc
intangible until it is returned by someone.

Clashingand throwingmay be important experiments to understtredrelationship
between frontal distance and size. The relation with distances between laterally
passing objects is thus limited to relative (topological) relationships, but their
geometric distance can already have some content due to a prior awafensss o
Absolute distance requires more insight into difference of place.

'PLACE ' SUPPOSESDIFFERENT DISTANCES

Difference of location is only a lateral distance for two objects.

Only with a third object thagimultaneously fills your field of view through frontal
movement you can develop some understanding of place.

The objects that you pass get an increasing distance to the left and right until they
disappear and only the central object remains in focus.

It requires howevera representation of, and a memory for those objects (and for the
effort to pass them) in order to be able to relate their distance apart from you to the
distance to the frontal object of focus before you.

Probably looking sidewayduring your own movement is crucial.

A laterally disappearing object then appears for a short time between the objects that
you passed and will pass, until you continue the route to the one in front of you.

The difference of place becomes=al (associated with your effort) when you crawl
from object to object and return with a sense of recognition to the original object.
There you have already chosen a direction, the focus on a next object.
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Arriving at that second objectou choose a diffrent direction, a different focus on
next object, small at some distance, but big when you have arrived on the spot again.
Repetition is again the mother of the representation

In doing so, you have gone through all doaditions for positioning in the previous
sections several times.

When you have arrived at an object, you see from there the other objects in the usual
perspective, but now with a motor reminder of the distatiwssepeate them.

It is the beginning of locating with an anchor pdiotigin’), and the primitive

precursor of every route to school, work or recreational purpose that starts at home
and ends at home with an increasing raffag. 16).

From that anchor point, directions, objects and sequences can be chosen, sizes and
distances can be understood and places determined.

That doeshowevernot yet yield the abstract image of a map seen from above.
This is only inspired by symboligames with reduced models such as a dollhoase
buildingsyou made yourselfwith toy blocks, so that you cagsee it fromabove.

A place is not yet aabstract point (location) in the beginning, but a place with a
boundary (‘framg and with smallest perceptible details (‘ghaiRach place differs
from the outside, but that difference is only recognizable from memory if thei
composition of details differ: differences in quality (that is not the casepwitits).

years old m radius area of awarene ..,
0 1 Action space g a0 /
1 3 Room % 2500 /
3 10 House & 2000 /
5 30 Yard o 50
7 100 Neighbours  § ™
9 300  Neighbourhood & ~ 7= I 0%~
11 1000 District 0 5 10 15

13 3000 Town years old
Fig. 16 Estimate of the increasing area of awareness by@age

By repetition finally every object becomes an anchor point from which location deter
mination can take place: the bed, the bath, the dining area, the play corner and so on.
They all have their own perspective, and their own familiar variety of impressions
(‘atmospherg that no longer surprise us. They diffe quality.

Including objects outside the current field of vision in that primitive representation of
place, requires a further development of imagination. The not directly perceptible
must be included in the representation in order to find the bathandnthe bedroom

aJong(2005)Child perceptigDelft)Contribution ChildStreet Conference 26 august
2005ttp://www.taekemdejong.nl/Publications/2005/Child%20perception.doc
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yourself. The radius of action, initially restricted to the field of vision, will gradually
increase with age until the mind is ripe for the abstraction of a(Figp1l6).

'"QUALITY ' SUPPOSESDIFFERENT PLACES

Nothing can be distinguished without a difference of location.

That difference is determined externally by the own movement thaalvessly
central before, and internally by the increasingly sophisticated observation of
differences ofnature (quality), of the objects that are permanently in that location.

You crawlto your focus object, and all objects around it (a collection) disappear left
and right one after the other, until you see only one object, which you can then touch
and grab, your doll: laugh! Your parents pick you up and let you take a step back to
eat.cry! Taking distance is literally aklsaction What we callscaléis frontal

distance for you, varying between tangible (doll) and unreachable (play corner).

With increasing distance, the objects that you passeddhrare fading into one
homogeneous object in one place: a collection or set. You can no longer distinguish
the order, size, distance, place or quality in which tygyear The distinction

between multiplicity and unity is not yet more than the operati@pproaching and
removing itself. The broadening of the field of vision that is associated with distance
taking gives room for more collections: the people, the room, the trees outside.
These have become objects that you can capture and rememberepr@sentation.

At the table, your collection difoys ogles. Now suppose you have a doll and a bear,
but your neighbor also has a difpart from that dino, there is something different
between your toys and the collection of your neighbor. If you aten inake the
sounds they call language, then Yidell them you want adino, or'something else

or 'more (then that doll and that bear), or'three'.

There are, of course, many experiences in a'sHifd, in which an extra object has its
own designation and Isomething elser 'moré. How do you make the step, after the
necessary repetition of such an experience, to replace that particular term with a word
that has nothing to do with those obgtitemselves, such disreé?

How did you first get the idea to separate thanberfrom three objects?

This happens when it conceregual objects.

After all, theseno longer have their own distinctive qualdy name

You get that indication from ot people who make different sounds each time with
the next objectThey get namem successive order. You could repeat actions before
your birth as a reflex, so why not also make successive noises?

You hear adults makingdifferentsound every time, even if they pointdimilar
objects. It defines repetition itself. Birthdays noanbe counted on your fingers.

You can'numbefthem,makea difference where there is no other difference than a
difference of place. To béke to'count you must also include thsetof objects on a
different level ofscalewithin your image of one case. The total number of elements in
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that set is simply indicated by the triumphant sound by wiiehumbering ends.
That representation as a set is a formludtraction taking distancechanging scale.

If sets only differ from place to place, thenrhenay be only one quality left for
discernment: the difference in tHatimber of elements'¢ardinal numbéy.

Beyond visual differences in density, tmaimberis independent of thghysicalsize
of the set. Thabstractsize remains the same if you gather your dispensadbles
If that number is the samie different setsyou can multiply counting equal sets

| will not elaborate furter the conditions for advancing mathematical insiggt (t
distinction of numbers other than natural numbers, with operatioes than addition
and multiplication). What | wanted to demonstrate is achiewnadibel b a last
remaining quality of sets that no longer show any other difference.

Quantityb quality. Counting is the language efjualityand repetitiorwithin a set,
but differentfrom other sets.

‘Variables' suppose external (mutual) difference and internal equality

The abstraction of numbers intariablescan sow lifelong confusion and be a barrier

to a career that requires mathematical skill. "A variable can be any number," says a
teacher, "and another variable as well." Whatever else (s)he is going to say, here you
have lost gerything:'the same, but not the sam&)he could better introduce

variables simply asords(nouns or names) distinguishing differé&mdsof numbers

Variables are words, although you may write them as an abbreviation.

Words such a®nimalsalso rder to all kinds of animals. You only sé&his is an
animal if you still do not know which animal it is, let aloh@w manymore there are.
'Plantsis then another variable with a differentality.2

Any quantityb a quality before you can count it. gadless of any number you have
to distinguishdifferentquantities withdifferentqualifications, named agriables.

aThis seems contrary fbarski(1914)Introduction To Logic And To The Methodology Of Deductive Sciences (New18drK)Oxford University
PressOn p4 he writes:As opposedo the constants, thariables do not possess any meaninghieynselves.This may bearue 'by themselvediut
the reverse is true 'mutally' aviables such as speed v, distance d and duratientainly do have a meaning, expressed in a formula suchdés v
They can function as words in a mathematical sentence with the opemtasThis is a clear example of the paradoxical opposhietween a
view from inside or from outside, defining a set by internal equality or external differemiteelf no meaningmay mearinumerically no meanirig
but even then the variables have theanmieg'a not yet determined quantigifferent from anothenbot yet determined quantity
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4.A VERBAL L ANGUAGE IS LINEAR
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8 11 A VERBAL LANGUAGE SUPPOSES A VERB

GRAMMAR SUPPOSESCONTENT

Linguists assume that grammar danstudied separately from meaning (‘semantics’)
and, regardless of the content, represent an inborndogic.

Meaning, however, has been supposed already in any grammar.

Without difference in meaning between nouns and verbs, variables and operators,
gramma, symbolic logic or mathematics are not possible at all.

Conversely, designating a static or dynamic object by a meaningful (shared) name
does not necessarily suppose a grammar.

This semantic premise does not only apply when speakiogtgrammar (in met
language). Also in everyday speech, the choice of words demands a semantic
distinction between noun and verb, before they are more precisely filled in (specified,
declared, with adjectives and adverbs more precisely defined) and before they are pu
in asequence and structure, understandable for others. Their interpretation with
generalizing words also remains a generalization. Only proper names are specific.

That prior semantic distinction plays a crucial role in the determination of the correct
grammaittal order and thus in the choice of the first word of a sentence. This is
apparent, for example, when someone searches for words under pressure or confusic
and starts with 'l ... | ...", knowing that a verb must follow to be understandabile.

A VERB IS NOT A RELATION , BUT AN OBJECT SUPPOSING AN ACTION

A verb is an independent word thralyhaverelations with other words. As an
operator, it is also a real object of actioan expression for the change in an often
unspoken state of affairs that you wanttamunicate. The expression 'Go!" already
has an understandable meaning for every audience without any further explanation.

You may imagine a changing 'state' of affairs as 'stable’ for a while, naming it by a
verb? It is possibly restricted with otherosd types, but the verb is the most relevant
object to communicate with. Even if your impression concerns 'no change', then you
can describe this 'zero change' with a verb ('be’, 'have’ or 'stay’).

That operator is not a 'relation’, but an action objeatt¢hn have relations with
surrounding words. These relationships are determined by an agreed word sequence
and proximity (grammar This suggests first of all a causal relationship with the actor
and sukequently eventually ampactrelationship.

aFor exampleChomsky(1971)Syntactic structures(The Hague)Moutwapter2 The independence of grammar p13.

b Our imaginatiorsupposes selfiction with everyepresentatiogou 'make. Every object of attention is actively established. It is therefore plausible
that an object is primarily identified with that activity, befdres stabilized in a memory, made retrievable (action) and possibly expressed in words
(action). Attention primarily focuses on changes in the external environment that initially has no other analogy in natiimalgan our own
action and can therefetbe remembered and possibly put into worda@r. In that senséactior is an object. It can be remembered as an action.
It is the ceaction of which we primarily remember motor skills, just as a violinist can play the rehearsed music withoythewnotes in mind. In
my opinion, this motor memory, in which many muscles have to be coordinated in a learneghmeistogical scheme, is the precursor of every
memory and imagination.

c Leibniz(16631716)Kleine philosophische Schriften(Leipzig18R8%chny XXV. Funfter Brief von Leibniz an Herrn Clark&716. p221says
rightly: "Streng genommen ist es richtig, dass kein Kérper vollkommen und génzlich in Ruhe ist, aBerhmbei einer mathematischen
Betrachtung der Sache davon ab."
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An effect relationship with a result or direct object of that action is not even necessary
to be able to form an intelligible sentence (for example 'l go').

The linguistic distinction subjeetpredicate conceals the indispensable and crucial
verb primarily related to theubjectin action. In a phrase, a primary relationship is
wrongly established between the verb andrédsailtof action or affected object.

Even the primary relationship with the actor does not have to appear in a sentence.
It can be supposed tacitly.

The statement 'Go!" has an implicit actor: the addressed subject. Grammatically
dresseelp into a full sentence it would read: 'You must ledist is an auxiliary

verb of modality, with which the statement is said to belong to the modality of the
desirableln the form'Go! it is unspokersugosed and sounds hardgshorter)

M ODALITIES DISTINGUISH REASONING ABOUT TRUTH , POSSIBILITY OR DE SIRABILITY

‘Can’ brings the statement into the modadityhe possible (‘potential)s'You can go'.
'You go' is a description (whether or not true or probable). Without an auxiliary verb
this modality of (un)truth or (un)probability is usually assumederballanguage.

The 'singing’ or ‘call’ of birds is perhaps in the modality of the desirable.

If it were not a direct expression of emotion, but a description of it, then that
descripton requires more distance from a direct physical intention than imaginable in
birds. The 'singing' of birds obviously has the double meaning of luring and chase
away (‘come' and 'go’). The lure is meant for the partners, the simultaneous expulsion
IS meanto mark a territory against competitors.

The'call usually concerns an alarm goyobablywith the meaningGo away!.

The barking of dogs alsmay havea distancencreasing purpose, but the intonation
and body language (especially the tail) can also mean other desirables such as
submission (tail between the legs).

Cats have more tonal possibilities of expression (spinning, growling, screaming,
meowing n different keys), but even then the tail is an important bearer of meaning

It seems likely that babies also primarily express themselves in the modality of the
desirable (crying and laughing). The first learned nouns (such as 'mom!") would then
primarily mean the distaneeeducing ‘come here'.

A VERBAL LANGUAGE SUPPOSESVERBS

A sentence that is expressed or read in the opposite direction loses its meaning.
Unlike the language of a twadimensional drawing, a verbal language is linear and
tacitly supposesi time direction or succession. There is no messagethe sentence
direction. The meaning itself is bound to a time sequence. Each next word limits the
scope (extension) of communicated meanings to an increasingly smaller set.

A drawing can be read inlalirections and every route of the infinite number of
possible routes delivers a story. Crossing and even parallel stories can contradict eac
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other. For example, in one direction you can truthfully say: "The road becomes
wider", and in the opposite dirgen: "The road becomes narrower".

A verbal languagsupposeéirst of all verbs (objects of change) and (pro)nouns
(objects of difference, including the subject). These are the primary carriers of
meaning Other word types mainly specify or connect thénverbal language
supposeslsocommonly accepted sequences of words, enabling communication.

If you violate the sequence, then the meaning may be lost or changed. For example:
"A calls B" versus "B calls A.".

Mathematics requires additional specificat@rsizes, distances, places and qualities
The resulting representation of differencégjuality makes the distinction between
sets possible.

The handling of overlapping sets requires a logic thatijgposed in mathematics

Logic concerns only conjunctis(or, if, and) that dissect or merge overlapping sets in
their components. Conjunctions join. Such operatarsbe replaced by verbs.

They represent an action taken to obtain a result. For exampleCAmay be
replaced byAdda set A to C without overlap’, andAfthen C' may be replaced by
‘Subtractfrom C norA' and so on.

Something similar applies to mathematical operaters, 2, etc.).

FORMULATING SUPPOSESDIFFERENCE OF QUALITY

So far only a conditionally substantiated reconstructionpdssibledevelopment of
humandiscernmenits outlined withoutempirical pretentions.

In the followingsectionsdifference' simply means 'difference of quality’, regardless
of how peoplehave learned to distinguish that difference.

From such differences we derive categqreegernal impressions of internal equality

in sets that can be summarized in words.

This does not mean that these attributes are 'specific' to objects outside of us, but tha
we suppose to know them from their active effect upon us (perception).

They are therefore external attributesogferation not internal 'properties’.

| assumehat there is an independent world outside of me.

There are differences in quality that do not require human distinction.
They also exist without observers who have ledreome discernment.
That does not have to be supposed in that outside world.

We express the partially repeating impressions that we continually receive from the
outside world in formulations. If they match the wording of others (in whom we
suspect a simalr childhood experience and school), then they will get a probability
value that can be tested by anyone else. This test is required by research.

This is only possible if verbs (actions) occur in that formulation that can be "actually’
carried out. If suclan action repeatedly yields the same result, then we take the
formulation as 'true'. That presumption of truth therefore only relates to the
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formulation.Actual'reality concerns an outside world in which we can bringuabo
changes througaction

Our conclusion then may be that the formulation is 'actually true'. This formulation,
however, takes at least 7 barriers between observation and proven application (truth).

A FORMUL ATION MUST OVERCOME 7 BARRIERS

1 selective observation
In the first place, our perception is a small selection of what actp&lys.
It is no more than a sample fronsetthat you should consider asry large.
This selection is influenced by what wan seewant to see or are used to see.

2 selective representation
Our represemation (bringing back to presentf theobservations is again a small
selection, a further reduction of that sample.

3 stenciling
These selections are fitted into old generalizations, previously designed, updated
and culturally restrictedemplates that seem to.fit

4 verbal tolerance
The words with which these templates are expressed as standards for exchange
never fit exactlyThey include different images and aféentoo general
They must then be restricted and adapted with adjectives, conjunctions and adverb:
These arehoweveralso generalizationgven a restricted result generals?

5 word choice
As soon as the observations are describedonls, two more barriedlsom.
The speaker must use the correct words (culturally agreed in previous
communication) and

6 interpretation
these words should evokemilar images and associations.

7 covering
The proof thatthe message has come dwan be done by action (a laboratory test,
replaying a crime, following a cooking recipe)lyr a fittingreaction
Theverbalreaction'you are rightsupposeshe equality otwo images(yours and
mine). That proof is never conclusive.
Thereactiverepetition of a reported action can be a coincidence.
How often you repeat, it remains 'inductivel(g).

Point 7 supposes that the message is a sentence.
It must contain a verb, even if it concerns a description of a static situation without

aEven before they are recorded in nouns and verbs, there are templates for actions (for example, picking, throwingnocatchireghory, using
neural action schemes. This results in templates for more static objects (eg stones, plants, animalsyvivgtdigtinction, they are replaced by
'smallet, less generalizing suemplates or concepts.

b Sequential words limit each otfescope until the restriction is reached in a sentence that adequately describes an action. The language of plants,
animalsand people first of all has to coordinate actions. It concerns actions and reactions such as between predator andrgriy, partn
reproduction, production and consumption. With people this can baetiom: forming an image. The fact that communicat&sults in a
coordinated action, however, does not prove that communication contains a formulation that covers the action.
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real (actual) action (‘'That houseon the other sie'). The verb is usually a
conjugation of 'being' or 'having'. That naantion is nevertheless represented as a
verb, an actiorobject (‘lamthe mother, yoare the father").

Usually an 'unblocking stimulus enough to triggr a clear and often complicated
action schedule in any addressed orgartism.

That is not different for people, but an action program for scientific research, for
example, is not always ready in the person addressed.

It requires formulations that descrithee required actions more precisely.

In addition, the aforementioned barriers should be eliminated.

The sensory barrier (1) is partly eliminated by devices that can enlarge the image with
resolutions, wavelengths and observation locations not providedrisenses.

The representation that is constructed from it (2), leaves aside on the one hand many
circumstances that do not seem important in advance (context), on the other hand
limits the focus on objects that you can also limit differently.

The suppositins with which both selections are made (3) limit the possibility of a
drastically different object selection and limitation. The plasticity and elasticity of
available templates recurs with increasing discernment, because in an increasingly
filled overallpicture their boundaries touch and overlap. Each limit change then has
an effect on other object boundaries and reduces the willingness to change the borde

Such comprehensive changes (‘reframing’) are design moments in the scientific
development thatwant to look for in chaptergto 10. | have described in detail only
afew examples of the development of our mathematical, abiotic, biotic and cultural
assumptions, but these crdssrder momentare an inspiration for designers.
Furthermore, these are assumptions that can shift the view of possibilities.

The formulation of our representation (4) limits the view on possibilities for which
there are no collective templates and wardailable. That is also a motive for

designers to make drawings. These are not illustrations for a story, but images wherin
different stories can be told. It is then not easy for a (often dyslexic) designer to
choose the right words for the explanatioraafesign.

Just as wrongly chosen (5) or interpreted (6) words, drawings and sketches can also
mislead (7). The listener or viewer may have other references and associations than
the speaker or designer. Their templates can be differently limited.

The plagtity is in principle greater for designers. A border sbah hardly be

explained otherwise than in metaphors. The design is completed in a dimensionally
fixed specification drawing that allows an operator to coordinate actions.

aTinbergen(1965)Social Behaviour In Animals(London)Methuen
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L OGIC AND MATHEMATIC SSUPPOSE VERBAL LANGUAGE

Logic corrects verbal language

A verbal formulation that sufficiently covers an action requires a stability of well
defines variables, andumambiguityin which formal logic provides.

Because they play an importaole in chapterd to 10, | will first pay some attention
to them. Inchapter6 | have given my overview of the current truth logic and its
limited value for finding new possibilities.

Mathematics reduces qualities to quantities

Probability calculation reduces the most explicit differences of quality into
quantitative deviation8 26p124).

However, the set in question is defined with one or a few 'properties’ in which its
elemens are equal, but how many properties are left out of the picture?

Each real set is heterogeneous in detail.

The repetition oriented mathematichapter7) alsoproducesdiversity (8 28p150).
Minimal differences in the beginning dérations can infinitely vary the end result.
The resulting forms sometimes remind of nature (spirals, springs), but they do not
fully cover its diversity.

Analytical geometry extends the linearity of verbal language

Mathematial languagesupposes strictly linear sequences of variables and operations
in principle, but coordinates enable to describe objects in different directions.
Variables in different directions then get different names (for example x, y, z).

These names cannot be expkd by a one dimensional verbal language itself.

This explanation requires drawings. Trigonometric operators on angles (for example
sin, tan) enable to relate different directi@ugin in a linear sequen® 25p125).
Thedata, howevemequireexpression inmore dimensions (tables, matrices, tensors).
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8 12 ABSTRACTIONS ARE STACKE D IN CONDITIONAL LEVELS

A set is a third object

Chapter3 oftenreferedto abstractiongetachemerirom impressions ancecording
them in @ imagethat can then be manipulated independently from the outside world
and its spatial and temporal limitations. This is a aetibn, peformed as a followup

to, and separated from impressiongaaction (seenote [1.8).

The distinction between a physi@ntext andbject in a mobile appearance (object
constancyis already am abstraction. In the cas# more similar appearances the
object that you keep in mind is a sethad object that coverat least twanemories.
Thatsetis addedo atleast two objecis order to take both togethexop-cept).

If two of these setare similarthen agairyou can make aewset as dhird object.
This creates atack of abstractions

Theseare thesupposition®f ‘well-groundedadults who have reachélke 'years of
discernmenitwith agrowing sense of distinction and imagination.

Below | review the stacking of necessarily prior abstractisaexmarizings 9.
They release the first primitive repeggations from a series of impressions.

Difference of 'direction’ supposesa first abstractive co-action

Looking in a different direction givesdifferent impression. Moving forward is not

even necessary. You can gain that wonderful experience only by turning your eyes or
your head. It changes the world as if you can conjure. If you turn your head, you also
feel motor impressions and you may notcehange in sound or smell impressions.

You do not need an understandinddifectior, but if you do not yet have words for

it, then we, mature outsiders, call your primitive total experience (movement and its
impressions):change of view directionor (without a distinction of impressions):
'difference of directioh After all, any change is also a difference (froxw).

If you are shorsighted and coleblind in the beginning and you do not distinguish
much details, then perhaps not much will change, but you see, feel, hear or smell a
'differencein more directions.

You can make that difference yourself by movement. do@mot have to distinguish
between image, feeling, smell or soundarderto experience differenceas such.

In the beginningt cannotbe more thardifferencein general, but it always differs

each time you move and through repetition you turn that around as well: you move to
makea difference. If that is the case, then something has become detached from the
iImpression itself. a differentnageas a goal for amon.

This may play a role in making a connection between your totally different
impressions from different senses (synaesthesia
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This requires some primitive representation as a binding agent.
According to Piaget, it is only tHprefiguration of a‘'sensemotor scheme

‘Object' b a second abstraction

Object constancis also loosening, separating {agitare see note p38) a
representation from impressions by movement (panalldose impressions must
come from a diffeent direction. So far, animals probably can do that too, but it is
difficult to takedifferentobjects in one representation at a time.

More objects inonerepresentatiodistinguishes us from animals, especially the
number of action objects (later nameslverbs)You do not have teuppose more
than threebjects to concerntools, language and order of action as typically human.

‘Sequence b a third abstraction

Sequence (whatever the ordera representation, detached from at least two

movement impressions. If you always pass the same objects, you can keep their orde
It supposes that you have remembered any difference between those objects, and wit
that theycan become milestones to which the degree of accessibility of the focus
object can be associatétdnf almost therg, until the object is tangible as well.

'Size' b a fourth abstraction

The difference between the objects prolatdncerns first the extent to which they

fill your field of vision, but because this varies with advancement, the experience of
their manageability must be added for a sense of size.

It is a reminder of the effortfétigu€) of grasping, lifting and apppriating, but not of
the moving forward until reaching.

'‘Distance b a fifth abstraction

The size olvoidsbetween objects, however, requires a reminder of the locomotion
effort to pass objects laterally or to reach thendima an experience of increasing
that void, reducing it (until colliding) or filling it with objects of different size and
form (jigsaw puzzlg You keep a primitive representation of different distances, the
different degree to whitobjects are (un)accessible to you.

'Place b a sixth astraction

Reaching an object by your own movement makes that object tangible, but the
previous object has lost that possibility.

Again an effort is needed to make thext object tangible. The return to the first
object must bring about a recognition of previously occupied places after a few
rounds. Looking back they each offer a different view on the passed objects.

Receiving an inviting gesture from your father, yoaynfeave your mother and vice
versa ("Who comes in my house?The field of vision turns around, and that

aPiaget(1966)
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difference separates itself from both impressiondiisrence of placealthough that
has no name yet.

A permanent lace for every activity (eating, sleeping, playing) associates each field
of vision from which the rest is seen with more different sensory impressions
(‘atmospherethe predecessor of a sefhis gives each place a different
representation that can serve as a motive or goal of action.

‘Quality’ b a seventh abstraction

Objects can only differ if they occupy a different place, otherwise they would be one
and the same object. From the child seat at the dining table, the play corner, the
kitchen and the garden are objects with a diffecententin different perspectives.

From a distance, places with a group of objects become one object.

When approaching, that object falls into separate objects, each with its own place, its
own collection of sensory impressions and possibilities for action. So, quality
differences appear avery distance (at each level of scale). Just as a place in the case
of approach falls into smaller objects, their quality itself falls into diffesdtributes

A doll can be small, blue or soft. In addition to these characteristics, a bear also has a
differentform. A tower composed of building blocks can be large, strong or hard.

It falls apart in smaller objects if you overturrt Ibh addition to these differences in
content and shape, various objects also do have a differesteadture

You can put a doll in youblock building and let it walk

This shows differences itninction When you have finished eating, you look forward
to your play cornerYou can play with your dolls there, build a tower with blocks or
draw. The objects that you haveailable therecan evokelifferentintentions

Intention, function, structure, form and content are adult terms for characteristics of
objects that suppose each other in this order.abiséractionof these different
characteristics to categories is of czrifar from present in toddlers, but they are all
alreadyusedto distinguish objects from each other according to quality.

Insight can arise from repeated use. The knowing follows its ability.

When you move objects, the place no longer forms afooltheir recognition from a
familiar atmosphere of a plaée.

They are then only recognizable from specdifferences of natuteThey have thus
gained their owrplace in the memory, separated from the impressions.

aChildren about 3 years oldaylike to tease yowverturning theoweryou have builfor them.They can take away something that you have created
with effort: structure. It is an age in which, according to some rese@atontradictory needs for autonomy and esteem produce coonféct.
Itis, however also aseful experiencto understand structure as it disappears

b The frequentwhy? questions from the fourth yeanwardsreveal, according to Piaget (1966), that in the¢-causal periodhe intention is
paramount. The structurfdnctional'causéof events escapes the child, because their own will is a model for what happestheymay attribute
everything a will, a purposeause that they know from their own actions (compare animism in cultural anthropology).

¢ My father told me to remember tha¢,as a child at a meeting with people who were all dressed in black, 'sewetlady who took hinon his
arm.It took him some time to recognize her as his mother.
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'NUMBER' b DIFFERENCE OF QUALITY , PLACE, DISTANCE AND SO ON

The human capacity to oversee a larger series of objects than anithalabstraction

of one representation that contains more objects at the same time. This set, as one
genealized object, can in turn be represented with other sets in one representation.

If different sets (in that composite representation) contain similaobjdzts that are
not distinguished by direction, sequence, distribution, size, distance or placeaithey
stil differ only in‘numbet.

This last remaininghumber attributecan again be released from these sets and
manipulatedArithmetic thenb a further accumulation of such abstractions.

In the case of a series of separate objects, sipaldial characteristics (for example
energy content) can be released therefrom, and quantified on the basis of just this
similarity.

Sciencep further distinguishinguch characteristics, their quantification (if possible)
and then the manipulation of those quantities until they prove themselves as repetitior
Repetition enables prognoses in the outside world: again a further accumulation of
abstractions.

The verbal laguage is confronted with overlapping sets, in which formal logic has to
put things in order. This logic is nit priori innate or a characteristic of reality, but a
correction of everyday language (not an a priori as well). It must be learned from
pracical experience with sets as a correction of ambiguities in the verbal language.

76



§ 13 DESIGN ADDS AND SUBTRACTS QUALITIES

‘Quality b aneffectof objects on their observer.

This effect can vary according ‘montent, ‘'shapg 'structuré ‘function or 'intertion’
(‘object layersin Fig. 7 p24). These are qualities of ingasing abstraction,
distinguishedy these words only later in the development of our imagination, but
they are alreadysedearlier as characteristics for distinguishing differences in quality.

CONTENT

‘Content consists of what can be datly sensually distinguished, such as size, color,
touch, smell, taste or sound.

It is the impression dMmaterial, asubstanceéhat can take &orm'.

Size is already a first impression that introduces a concept for difference of quality.
It is aquality that does not yet have to be related to countgindetity A mother (the
'big and warrhof notea p58) is something else than a manageable doll (small and
cold). Forthat distinction, therefore, no quantitative concept is yet required.

The size howeverdoes not only concern the objects, but alsdridmme the field of
vision and the boundary within which objects occupy their placd the smallest
grain with whichdifferent details can be distinguished.

The size of the frame varies from your toy until (much later)plaee where you
live. With your age the framéhat limits youconcept ofplace grows(Fig. 16 p63).

Color is a powerful, but sometimes confusiogntenttool for distinguishing objects.

If the objects themselves are multicolored, with many nuances and contrasts, then the
distinction between the objects is difficult.

If the environment is also multiolored, you can speak of camouflage, so that only
movement (parallax) or stereoscopic viewgiges a definite distinctioh.

The touch impression is an amazingly distinguishing feature for differences in quality.
| saw a oneyearold boy drying his hands with a towel in the kitchen.

Then he walked to a curtain of much thinner textiles, and wsthity hands stroked

on both sides for a long time and apparently fascinated by the fabric and then walked
back to the towel. On another occasion, he threw himself at me, and once again
touched my short shaven beard obsessively long with his cheek.

This was apparently not a sign of affection, but of an inquiring mind.

Smell or taste play an important role in distinguishing differences in quality.

They seem to intervene deeply in the memory and are associated with the other
impressions aslefining the atmgshere.

An 'atmospherds remembered as a summed impression of a place, object or person
where more senses and representations are involved.

alllustrations in childrefs books often use different colors for different objects, in clear contrast with the background. The impression oftsdors is
not unambiguous, because theg arfluenced by their environment and lighting.
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The smell or taste impressidmoweverjs difficult to share with others, other than by
calling and combining an odor or taste image of other objects (see a wine catalog).
In many animals it is an important, or even crucial, distinguishing agent (dogs,
pheromones Perhapshat is why it takes such an important place in our memory.

Sound is, just like smell or tastejooddeterminingand associative (bireisature,

carscity and so on). Sound, on the other hand, is not durable but temporary, and
varies in tone. What we apatly remember well is theequencef sounds (music)

and recurring patterns. Due to the mass media and devices, the location and object
connection has been reduced. As a result, sound now probably contributes less to the
distinction of places and objects.

FORM b CONTENT

| define ‘form' as a spatiadlistribution of some content (such as color or material).
Its impression(the projection on the retina or the pressure on the skixptession
and its intermediateepresentatioralso suppose such a distribution.

This form concept covers both tekapeof a singlecolored (or with its possible
nuances contiguolyscolored object with a cleacontour, and a diffuse distribution
(such as a constellation of stars or a city full of buildings in a empty space).

Form is a crucial means for digttion.

The recognition otharactes is based on forpstill without any attached eaning

The distinction between differeapeciesof plants requires images on different levels
of scale(see floras)The verbal language does not go beyetmhgated 'round,
‘coneshapedor other indications that must evoke an appropriate pictefatence.

Touch and shape impressions precede the naming of color or substance (content).
A form is only possibleif some content can take that form, but the form itself can be
abstractedrom that contentconstructingvhat is left ovedisregardinghe content.

From repeated impressions, a reduced representation (rtfamagntour) is released
Then,it can be manipulated (as a variable), adjusted with new impressions,-supple
mented with previously unnoticed detailsdaeven filled with a different content.

Theexpressiorof shape calfirst be limited to the contour and then provided with
coloring a content. Childrels drawings of a head are first round, then oval and only
later get ears. The form presentation thusaves as a spreading condition of which
the components can be moved until they resemble sufficiently.

When you talkabouta form, nd animpression, but a representation of that form is
discussed. The impression itsedfinnotbe fully expressed in verbanguage.
You never know for sure which imagewtll evokewithin another person.

A representationmefers to different impressionk evokes different memories in
different people. That can be surprising and useful, because a dialogue can suppleme
the image of the participants with unnoticed details. It can radically change, stimulate
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or develop their imaginatiofReadingforces you tanakeimaginations.
A film adaptation of a bookonfronts you witkdifferently elaborated image

A photo is not equal to what you have left out of different impressiolshagé
Everyone selects her or his own abstractions from that picture.

A picture, however, has more directions than a vedjaort

Viewing apicture allows more routes for degation.

Each route through that image can be discussediomensionally, but no matter how
manystoriesyou devote to it, they cannot fully cover the image.

They are at most a network that is stretched over the image.

There always remain holes. The drawbatan image is, that it allows more
interpretations through all those possible routes.

That howevercan also be an advantage. An image that allows only one interpretation
Is not'Art' challengng our imagination. Thais why we appeciate Art.

If the challenge remains predictable, yoay speak ofkitsch.

You can give separated conceatdifferentplacein a form a‘'schemé

Such a state of distribution suggests strong and weak relationships in more directions
One concept i$urther awayfrom what you mean than the other concept.

You can use lines to express relationships of different quality as a 2D pattern.

It cannoteasly been'laid out (ex-plained or adapted in a ordimensionaleport

If such relationships can be named as separations or connections, then | call their
composition'structure Without physical separations or connections thait or guide
movement, it is merelicomposition

STRUCTURE b FORM

On pageZ28 structureis definedas a set of separations and connections
Separations prevent movements in certain directdfieeremovements allowed,
you can speak of conneati (the zero value of separation)

For example, yogannotwalk through a wall, but you can walk alongside it (a
perpendicular paradokig. 5 pl7). The experience with separations and connections
therefore includes movements and their limitations.

The separations and connections are dispersed in spasgruSture supposes form.

Structure plays a rolalreadyin the sensormotor phase of children, because the
possibility of moving, approaching, fleeing or clogging is limited by separations in
(the structure of) the environment.

A box has the affective value sécurity butat leasione directiorshould be

sacrificed forfreedom(eg a nest)A play corner has 3 degrees of freedornadi 4,
giving only back coverage. In all cases the environmefidinscted

It ablesa childdistinguishingdirectionsand balancing between security and freedom

Reducednodels(such as a doll's house or own constructions made with toy blocks)
are effectiven order to detach a representation of elementary structural components
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(the selectors dfig. 10 p28, possibly composed in a construction) from impressions.
Such imitations make the environmaevithin which youcanmove to an object that
can be viewed frorthe outside That is not an easybatraction.

Structure as a means of distinguishing differences in quRbtylistinction between
places, sizes, sequences, objects and direq@ob8p589).

FUNCTION b STRUCTURE

A function of somethingupposeds ‘'operationon something else.

OperationP movement and a selective limitation thereof. Within a structure, each
selector has amternaloutward function for that structure (eg producer or consumer),
and the structure may have an inward function for its components (eg government).
The structure ®.a whole may have itself an external function in a larger structure.

A function(inward or outwardjhereforeb always a structure (internal or external).

INTENTION b FUNCTION

If people distinguish #amselves from animals, because they can imagine a greater
sequence of actions (of which only the first is directly feasible and only the last
accomplishes an intended state), ttenfirst action setting a goaltisat end state.

From this, the desired mgtions, structure, form and content are derivetth@reverse
time sequence of realizatigplan).

In order b build a house, after designing you collect storesténj, locate them in a
form that makes the separations and connectistingature possble, in order to
provide thefunctionsyou have meant according to yootention

Peoplés actionshoweverare not always so conscious and unequivocally focused.
Goals also originate from some more vaguetive.

People are puin motion (motivated) by needggby hunger, the need for security,
affection, esteem, or to realize a satisfying-satige. According to Maslow
motivation theory, every needb some fulfillment of prior '‘orepoten) needs.

For example, the need for safety only plays a role once the greatest appetite has beet
satisfied. Hungeb a body function and safetyfunctions that can prevent threats to

that body function, and so oncannottherefore imagine an inteah without

(desired) functions, but functions without intention | can. Then intefttifumction.

aMaslow(1943)A Theory of Human Motivation(Psychological Review)50 p396
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8 14 LANGUAGE SUPPOSESA DESIGN

Fig. 7 p24 distinguishesnodalities, level®f scale context and object layex of
design. Languagthen exhibits the foliwing design features.

Modality b ((trueY probableY possibleY imaginabl@@desirable)

Expressions in verbal languagamarily (often tacitly supposehruth

The other modalitieshould be explicitlyntroduced bygrobably, or modal verbs
such as '‘capmust'or ‘want! For imaginability yu may think ointroductions such as
'imagine thag ', 'if o r suppose that &'

‘Imaginet h a',th@wever, isn principleacommandn the modality of the desirable.

If* followed by ‘thentefers to trutkbased logicand 'suppose that' to a possibility.

You may assume that imaginability is a tacit supposition in any verbal expression, but
the same words evoke different images in different people.

In education, therefore, you should often repeat the messagkemwords and
check if it evokes the image you intended, or even no image at all.

Levelsof scald( €, 10m, 3m, 1 m, é)

Words generalize similar instances, bsing words such as 'functigip20) hide an
intended level of scale naoecessarilyshared bij the receiver of the message.
This can lead to misunderstandings if the scale is not clear from the context or
otherwise stated expltly.

Words, €ntence andmessage suppose different levels of scale.
They deserve different linguistic approaches.

Context layerspb (Abiotics U Biotics U Technique U EconomyU Culture U
Governance

The abiotic external condition for the design of aglaage is sound, light, or any other
kind of radiation able to transfer a messalgee biotic condition is the existence of an
organism with appropriate senses, organs for expression, and neural abilities

The proper neural ability to handidanguage is more than directing and expressing a
flight or fight' responsé animals It requires a thirdinterfunctional)elementn one
Image in orderto coordinataifferentactions with more individuald hattechnique
as far ast is not a bioticmechanismenablesandmotivates the use of a language.

You may assume that animals are able to express threatening or luring messages
intended as 'Go away!' or '‘Come herbtlt not 'l go away' or '"He comes here'.

The crucial third elemenp81) humans can combine aneimage(subject, verb,

result) enables full sentences with a differentiated meaning

This technique enables anonomywith negotiations and dealsahincrease the
chances of survivallhat enables a culture with innovations and extending knowledge
of techniques (techmagy). Culture therenablegjovernance Culturemay motivate
design using its results, but the designing itself {gracedingechnique, a skill.
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Obiject layers b (Content U Form U Structure U Function U Intention)

The object othedesign called 'language' suppose®atent (pro)nouns, verbs,
conjunctions angarts of speechpecifying themTheirform is theconjugationof
nouns (distributing in space) and verbs (distributing in tif@gir structure is the
grammar, giving each word an interfiahction in the sentencegiving thatsentence
as a wholegheexternal function of communicatiohts intention is cooperation.

L ANGUAGE CAN BE CONSTITUTED

Is language constitutable according=ig. 13 on @377? It reads:

A difference Uchange Ucoherence Uselection U combinationU
B metabolism Uregulation U organizatiorlJ specializationU reproductionU
C information Usecurity Uaffection Uidentity Uinfluence

In early childhoodthe use of languadethat you can distinguistiifferencesof
quality (words) combined with different sounds signsmade by older people.
You only have to imitate them for the time beiagd hold on to that association.

(Pro)nouns determinedifference, verbs achange coherentwith its result inone
image and coherent with differences, changes and resntisobservedmeaning)
Different images expanalvocabulary enabling a personaklectionto becombined

Making different combinations may be callektabolism (thinking, co-acting.
Changing that metabolisenablegegulation by feed bacKlearning), enablingn
organization of (co)actionsifleag. That supposes coherenceeagulation.
Selection of organizations enables to choose one of them, a kemkoflization

You then mayeproduce that'plan in reality (realization) or tell it to someone,
expressingnformation. That supposes a metabolism of reproduction (language).
Sharing inbrmation may enablgecurity (including insecurity as a zero value).

Affection supposes organized security, a personal balance between recognition and
surprise Fig. 12 p31), enablingdentity, supposed imfluence. Speakingor using
languagen generalsupposing reproduction), enablefiluence orsomeoneeise.

The stronger the supposed identity (authority), the greater will be that influence.
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8 15 THALES CONDITIONED DISTINCTION , REDUCTION AND
GENERALISATION

As far as we knoywWVestern philosophy was born around 600 BC in Mdea Greek
colony with more than 80 own colonies.
There, caravan goods were shipped from theagabdistributedo the west.
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Fig. 17 Greek colonie% -

Gekes. 2
Fig. 20 Excavations’
Tradewith other cultures puts your own traditions in perspective. Gods appear to be
local. You maybelievethat they make stars and planets move, but for navigation at
sea taknowhowthey move is more usefulruée is what worksor pragmatists.

The Greek mainland, its more than 600 islands and 160 colonies were separated by
water, but connected by the Greek language. The Olymmacke the mutual competi
tion into a community gamglayingthe enemy instead of practicing enmity.

Because of the simplicity of the Greek language and its alphabet, many Greeks were
able to read and write. Sthat art was nofas elsewhepehe monopoly of priests
who, based omaccessible holy writings, could guard the true religion centrally

No island or citystate therefore had sole rights to one surviving truth, alththegh
mother city Athens still had some orthodox pretensions towards its children.
Greek Gods operateddally, although they met at the Olympus.

They couldevendeceive each otheand argue.

aTimes History Atlas of the World

b https://en.wikipedia.org/wiki/Miletus

c Google Earth

d https://www.ruhruni-bochum.de/milet/in/topo.htm

e https://www.stilus.nl/oudheid/wdo/GEO/M/MILETE.htrahd Pergamom Museum Berlijn
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Greek was also the first language with a definite article (the').

Greeks could therefore discuss verbs and adjectives as independent objects such as
"thebeing" and'the bravery”, sometimes evagersonalizing theras a goddess such

as "Virtue" (Areg) or "Wisdom" (Athena).

For scientific abstractiont is a great advantage if you ceasily make fronfast’

(a u v payquantifyablebject'velocity' (i & « #brto transform’heavy’(A a 6 Riaito the
more generdiveight'(i o A j.0ld@nslating Greek texts into Latin (without a definite
article) therefore caused difficudtrcunscriptions at the time.

Thales of Miletis(ca. 625545 BC)is thefirst knownWestern philosopher.

There are no writings left of him, but there are quotes: What is difficult?: "Knowing
oneself." What is easy? "Giving advice." How should you live a good and just life?
"Avoid what you blame otherfer.” (Kants tategoical imperativeé2500 years latgr

Thales, the first of the GreeBeven sagémade his name by predicting the solar
eclipse of 585BC. He also proved the usefulness of philosophy as a practical
meteorologist and merchant by buying all the olive presses from Milete when
everyone expected a poor harvest. That he foresaw the sofeeeatid the good
harvestmaynot have been born from theoretical insight, but from an empirical
alertnessor evena welkdocumented historical series sy conditions.

He also determined the distance to a ship from the change in angle of view during a
beah walk and the height of pyramids from their shadow in relation to his own
shadow (according to thgheorem of Thalép

Those are no longer historical empirical probabilities, but mathematical proofs such as
would be developedhto theEuclideangeometry300 years later

The determination of heigHtom a shadowhoweverassumes parallel solar rays, and
that is not selevident due to perspective distortion.
The sides of a road also seem to point to one point, while they are parallel.

Fig. 22 Visual deception through the perspective of sun rays

aKrafft(1971)Geshichte der Naturwissenschaft | Die Begriindung einer Wissenschaft von der Natur durch die Griechen(Freiburg)iR@mbach
b Henderson(2002)Greek mathematical works Thales to Euclid(Cambridge Mass)Loeb Harvard University Press
¢ Ton Wisseliushttps://www.pietsweer.nl/image/zonnestraiéh/
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That the suis rays are (practically) parallel is only appainégbur shadowon a flat
surfacehasthe same sizeverywhere at the same tir(the samesolar height It must
attest to the understanding that the sun is practiagéihfinite distance from the earth.

Eratostenedetermined 200 years later, the circumference of the earth fairly accurate,
apparently from common assumptions such as:

1 practically parallel sun rays adopted by Thales,

2 Earth assumed by Anaximandtosbe a fredloating globe.

" Fig. 24 Fig. 25 Fig. 26

Thales Anaximandros Heraclites Eratosthenes
If Eratostenes had assumed a flat eahnhe would have had to reject the
parallelism of the sus rays from different angles at different locations and assume a
sun at a foreseeable distance.

Only the combination of both presuppositions led tortght inference from that
difference. The interpretation of observations stands or falls with good or wrong
assumptions. Sometimes you also have to deal with unspoken &issismp
Discovering thenshoud bethe main taskof philosophy.

According to Anaximandros, a younger contemporary of Thales in Milete, the primal
principle, theprimal causeof Being, is an indefinitéapeiror, from which all

opposites such as wet and dry would have arisen. Aeaifdire would, spattered

apart, revolve and new worlds would emerge and return@isuch a floating,

initially liquid, solidifying globe, organisms arose, first living in the water and only
later moving to the landlhat is a remarkably modern view.

Anaximandros apparently had already rejected the idea of a flat earth.

A flat earthwas common becaus®m around earthall the water would drip down.
That in itself assumes that everything falls dquanallelvertically.

Apparently that too was no loagselfevident for Anaximandros.

Herakleitos('panta rhéj 'everything flowsas Plato summarised his thought 3

centuries later) lived shortly after Anaximandros in Hso more than 50 km north

of Miletus. He regarded fire and war as a primordial cause, perhaps also as a source
energy to create the opposites in the apeifoRnaximandros.
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Thisresemblesiegels dialectic every thesis evokes its antithesis to lead to a
synthesis that evokes an antithesis on its turn.

In modern physics, every particle has its quatiticle. When they meet, they digaar
with energy left behind. Herakleitd&re then should make them appear the reverse.

Thales reduced the world to water as a primordial cause, because water has all know
aggregation states (solid, liquid, gaseous). After the indefinite apeiron ofrarax

dros, the later prSocratspresupposed more tangible "primal things," such as air,

earth, water, and fire, precursors of Mendelegeriodic system of elements (1869)

You can imagine awill of gods in the existing reality, and tell stories about their
conflicting wishesas the cause of everything, but to change your attetttithre
questionhowtheyrealizethem and to reconstruct thekill is a bigstep toa
religiously independent causality

Ahead of Aristotle the divinefinal causéseems to be replaced loyaterial, ‘formal
and'efficient kinds of causgas if a presocratic Prometheesommends the people:

1 present materighs combinatiogiof primal substances,
2 reduce their space to points, lines and planes (geometry), and
3 generalize repetitiorts workable concepts (words and numbers).

With those representations, reductions gaderalizations you can try to simulate
existing or desired reality, to design it as if you were a god.

Technique is a condition for knowledge: you musabkto know before you can
know. Thales was also known as an inveraatesigner.

Only after that'designingyou can therempirically check whether that design as a
hypothesis corresponds to the observed reality.
You can, however, also design and reatizgiatingrealities yourself.

For that you need representation tools, similar to knisiesges, binders.
Ockhamalso had aazot in the 14th century that resembles a statement attributed to
Einstein "Make everything as simple as possible, but not simplerttietr

87



8 16 PLATO 'S SOPHISTIC DEBATE CONDITIONED SCIENTIFIC DOUBT

Defending trade interests in various other cultures resulted in a culture of hearing,
rebuttal and judgments based on arguments so that you could separate as friends
keepingtrade relationshipsyou could learn fromsophistshow you can be right.

The'fair debatéas itstill appears in a promotion and court session contains useful
sophistic rules:

1. one propositiomat a time is being examined for tenability;

2. regardless of your personal opinion, you agree who will defengdrdpesition (in
therole of defender) and who will attack hirm(therole of opponent),

3. the opponent challengd®e defendeto clarify theproposition on the basis of
improbableinterpretations("Do you mean by this statement, that ...?");

4. the opponent proposes a common b@Bie you agree that ....?");

5. if the defender accepts te common basis, theropponent attacks by pointing out
a possible contradiction between the proposiand the agreed common premise;

6. the proponent defends with an attempt to refute the assumed contradiction.

Sophists had the name to talikaighteverything that is crooked, but they are the
precursors of DescartetoubtandPoppers falsifiability According to Poppea
proposition thatannot be contradicted is by definition not scientifibere is no pro
and contra, no countégarning,no control, no criticism or dialogue possible.

In this £nse playindgierakleitoswarin a debatgis also the father of science.

Sophists didih make a name with their own system, but with their method.

The famous sophist Protagordsan is the measure of all things") was embarrassed
(‘aporid) by Socrates in PlawdialogueProtagorasvhen he defended thairtue'

can be taught, and that he asked money to do so.

Fig. 29
Virtue as a goddess Protagoras Socrates Plato and Aristoteles

To the amusement of youthful bystanders, Soci@tsembarrassed dignitaries in the
strees of Athenswith his annoying questioning of whatrtue' actually is. He did not
leave own writings, but his student Plato expressed his thoughts in dialogues.

aDetail van Rafaél Santi(1510)Stanza della Segnatura(Rome)Vaticaan
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As the cultural center of the Greek world, Atheasrained more orthodox than its
colonies, to which dissidents disappeared with their views.

Socrates was convicted in Athens on charges of blasphemy and spoiling the youth.
He did not flee, but chose the poison cup.

The Greek languag®made it possible to independentize an adjective, the pyoplert
an object (such awisé€ to ‘wisdom, 'virtuablé to 'virtue', even personalized as a
goddess If you regard such words as real, indegent objectsrfedievalrealism),
then you (like Socrates) can continue to inquire about #&sencebut every
explanation ends adjectively and bound by examples.

| share Poppeneluctance against sutdssentialisri. Words are just collective
names that we have invented ourselves (mediegalinalism). Similarly, | cannot
possibly share Platview that our reality is only a projection of ideade@lism).

On the contraryactual things project themselves in our mind, and when those
impressions repeat themselvesimeentwords for them.

The success of Plato in the Christian world is understandable when you read in the
gospel of John:1'In the beginning was the Word."

Platds hero Socrates was, moreover, like J&usst a martyr of his own conviction.

This creates a sense of responsibility for their relatives, apparently even when it come
to pagns.Dante (12651321)tells in his Divina Commedihow thenot baptized

gentiles Socrates, Plato and Aristotle did not end up in Hell.

They hal received their own place next to Heaven.

You may reject Plate idealistic aberrations, but he has made the dialogue of the
sophists a standard of literary expression, philosophy and science.

A dialogue avoids onsidednes.

Opposing views are given their own face and power of persuddiersimilarities
and differences of insight per character lead to the analysis of their ®@riaptual
exclusion that lead to logical conclusiatth corjunctions such asnd or 'or'.

Platds student Aristotle will analyze this logic amill make it a scientific discipline

The convincing truths of mathematics as a world of idieatcan develop indepen
dentfrom reality and yet seems to projetdelfto that reality everywhere, was an
important argument for the idealistic vie¥ou can however, imagine matherties
alsoasanemprical science or even technique of repetitidarived from our
experience with everything that repeats itself in realitglin our representation.

Mathematicgistinguishes different types of repetition, such as making equal steps
(line), with equal deviatio (straight or circle), with equal units counting, counting
back, multiplying, integrating, and differentiating.

You can makeseeminglifferencesequalby equationsWhat repeats itself in the real

aPopper(1976)Autobiograf(Utrecht 1978)Spectrum Aula
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world can be counted and numbered. Conversely, the repaéisa of a mathematical
product can again be realized in regpeatingoroduction.

What does not repeat, the eiiae or uniquecannot be counted, but only told.
The unique does not lend itself to generalization and therefore not tdietipee
science that relies on repetitidfor generalizationmathematics is the tool par
excellence, a technique for simulating all types of repetition and equality.
Mathematiconly assumes a differendetweerthe qualities that can be counted
(variabks, butit supposegqualityof characteand sizewithin those variables.
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8 17 ARISTOTELES CONDITIONED EMPIRISM AND LOGIC

Unlike Plato from Athens, his student Aristoftem Stageira‘the Stairite') no

longer assumed that you, as a midwife, only have to redeem the ideas that are still
sleeping in a student in order to give birth to knowledge.

Not all knowledge othe world can already be present as an idea in every student.

This was probably also apparent from the strange olpéethich no one had any
ideabefore that Aristoteles pupil Alexander the Greaent him for his collection

during his conquest up to the Indus.

Aristotle taught to trust your own senses and to process that variety of impréssions
usable knowledge using only 4 innate word categbaed 4 forms of judgment.

Categories Judgment forms:
substare, affirmative - negative
quality, general special,

quantity, some - oneoff,
relation necessary possible

Fig. 31 Aristoteles$ categories and judgement forms

With different word categories: substance, quality, quantity and relation, you can form
a judgment in a sentence with subject and predicate: affirmative orveeggneral
or special, some or orwf, necessary or possible.

From a general judgmefmajor) and a special judgment (mingdu can derive a
third judgment, a conclusion (deduct)én
A generaljudgement is a preliminary generalization from many examples (induction).

Deduction Inducti on
Major: If | am in Delft, Aadorp is a place in The Netherlands,
then | am in The Netherlands. Aagtdorp is a place in Théetherlands,
é
é
Minor: Well, | am in Delft. Zwolle is a place in The Netherlands.
Conclusion: | am in The Netherlands So: All places are in The Netherlands.

Fig. 32 Aristoteles logics: the combination ofjudgements

In observable reality, however, no number of observations is sufficieisbfoplete
induction. If you add'London is a place in Englahid the 400Grom Aadorp to
Zwolle in The Netherlands &fig. 32, then the conclusiofall' has already been
falsified. Induction, a general judgment, therefore alw@sserves doubt.

In mathematicshowever,full induction' is accepted if you could repeat the same
operation infinitely. For example, you approach zero by repeated halving.

You never reach that zero, but you can accept it as the final fésutt) of an
imaginary infinitely repeated operatiohfwalving.

aAristoteles¢335?)Categories(Cambridge Mass1983)Loeb Harvard University Pr&ssentions 10, but the others can be traced back to these 4.
b Aristoteles{335?)Prior analytics |(Cambridge Mass1983)Loeb Harvard University pPi€&$s
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For Plato, special cases came from more general (@dealisn); for Aristotle, the
general is the collection of special cagaspirisim). Yet the platonic ideddidosis
literally 'visual form) comes silently back to Aristotle as the famwhich a
substanc€material or contenttakes shape. The pure, substafiee form is an ideal
(geometrical) idea, and any substance has sesistance to take its intended shape.

Movement is a change of formgainst which anynaterialwill resist.

Any movemenmust have an unmoved mover, the infinitely good and beautiful
against which any substance resi$tse materialesistancegainst forms the cause
of all imperfectionagainstafinal divine or human will.

Aristotle thendistinguishes four types of cadse
1 form cause
the perfect mold;
2 material cause
the resistance of matter
3 efficient cause,
the unmoved movesourceof motion,
4 final cause,
a divine or human will.
Fig. 33 Aristoteles$ causality

The resistances a precursor to Newtammass inertiaFor Newton however,not the
movemenbf a masstself, butits acceleration or change of directibasa cause
(attraction or repulsionNewtondoes not need a form cause or a final cause.
Mass resists against movemantdattracts (gravity) or repulséat collision)

The basic concepts of Aristodephysicsare space, time, substance, cause and
movement. He assumagoal directecefficiency.

Fysics Biology Humanistics
goal directed entelechy: soulsteered layered
Space Unmoved mover, the soul Vegetable nourishing
Time (active form)
Substance Animal feeling
Cause Moved body
Movement (passive substance) Human thinking

Fig. 34 Aristoteles$ physics, biology and antropology

For his biology, the soul is the cause of form, the unmoved, focused mover. The body
Is the moved, butesisting substance, the tool (orgajpohthe soul (entelechy
A human has a plamtourishing, animafeeling and humaihinking layer.

The large series @urviving works by Aristotle has the character of an encyclopaedia
that covers all knowledge at the time.
That great design of Aristotelian science dominated the literate world until the end of

a Aristoteles¢335?)Metaphysics I(Cambridge Mass1996)Loeb Harvard WsityePresp17

92



8§17 ARISTOTELES CONDITIONED EMPIRISM AND LOGIC

the Middle Ages with an almost inviolable authoiiBrg. 35).
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Fig. 35Philosophy from Thales untilFoucault show a gap in the Middle Ages
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8 18 CARTESIAN RATIONALITY CONDITIONED CERTAINTY BY DOUBT

Descartess consideredo bethefounder of modern philosophiput two centuries
before Descartes at the end of Migldle Ages Cusanug1401-1464, a German
lawyer, philosopher, mathematician, astronomer, humanist and catdst#ledof
far-reaching modernisrand tolerance

The prominent role of mathematics in his work up to his theology makesvam
more rational than Descarteble considered all religions withreattolerance as
parallel(not crossingpaths to the same Gad an infinite distance
So,nobodycanreally know Him (‘docta ignorantid.

He negotiated aa Cardinalandconnoisseuof Islam and Koran on behalf of the Pope
with the slamitic conquerer®f Constantinople, shortly before the Reformation
brought about thpolarisedextremism that Descartes had to take into account.

This inventor ofnegative lenses for myopia, an advocate of accuratsurezaent and
weighing, denied apparent mathematical counterparts such as straight and round
(‘coincidentia oppositorutnwith mathematical arguents.He left Deventern house

for poor students and his birthplace Kues on the Moselle a still existing retirement
home withthelibrary of his own and other medieval manuscripts.

He did howevernot makeschool like Descartedid 200 years later.
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Fig. 36 Fig. 37 Fig. 38 Fig. 39

Cusanus Copernicus Descartes Newton
Descarte'yparadoxthat you can deriveertaintyfrom doubt isan example of Russél
paradox thesetof all setscannot contain itselfSimilarly, thesetof all doubtscannot
contain itsdll. If you look at tlat setfrom the outside, thetihereis no doubt about the
factthat you doubtDescarte's'Cogito ergo surh(see note p9) is less convincindpy
circularity, if you realise: "l think, sd think | am". 'l am' is also a thought after all.

aMuller(2013)Die Modernitaten des Nikolaus von Kues(Mairig}étische Kulturwissenschaften

b Dijksterhuis(1975)De mechanisering van het wereldbeeld(Amsterdam 1980)MeulpBA8firovides a clear overview of Cusahigeas

c As an element of a sefith all sets it no longer contains all sets. This paradox is described in Russell (1903) The Principles of Mathematics (London
1996) Norton It is renmarkable that Russell (1946) History of Western Philosophy (Cothen 1990)Sarkigeotherwise crystal clear chapter on
Descartes on p588 of the Dutch version himself did not ntigethis thinking about doubt is an example thereof.
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You cannot talkaboutconceptaising thesame concepts$or that'metalanguagéyou
need other conceptslay be thertore Descartesdvises to talkn symbolsabout
numbergqvariable3. By doing so, he prepared the use of algebraic expressions.

Similarly, you cannot think about thinking with teeamethoughts you thinkabout
Understanding is a different idea than what must be understood.
Descarteshought in othefalgebraic)concepts about geometfgoordinatesand
thereby became the inventor of analytic geometry

The use oVariables anaoordinates is Descartesost importantdsting contribution
to scienceHe derived his prestige from the application of mathematics in his
sometimes pioneering, yet immature physhg inally, he has remained kddghown
as the philosopher of rationalism

Copernicushad dared to doulatboutAristotle in the previous century, and Descartes
joined the growing choir of those doubters.

They dared to think for themselves insteadotibwing the authorities without
criticism, as Kant had to advisgaintwo centuries later.

If you simply learn by heart what you learn, then you will maderstandt, get agrip
on it fromoutside do something with it, contrast it, countearn, ckeck whether it is
true doubt.

Descartes had learned practically everything there was to be learned from the Jesuits
in Paris. Every idea, no matter how unlikely, had been worked out by some authority
in the past. What can you be sure of, how should yeulcthat? By continuing to

doubt yourself (think)!

He went on a journey and found the most improbable and mutually dtirg

views in other cultures. However, at the same time he had to admit that such views
were shared by very sensible pegpled @ch individual mindwas able to check a
mathematical proof withowgxternalauthority.

Mathematics turned out to be the only area in which this individually developed
certainty was finally shared by everyonéesdent, clear and welllistinguished
(‘clairement et ditinctemen}. That is not surprising it only involvesrepetition.

In the winter of 1619, Descarte®3 years old, retired to Germany as a recluse for a
few monthsin a weltheated room asking how this mathematical evidence could also
be achieved in areas other than mathematits resolved

1 never to accept anything for authority again if yourgelf have still any reason to
doubt it;
2 to divide each problemo so many parts as possible and requitedesolve it;

aDescartes(1637)Vertoog over de methode(Amsterdam1937)Wereldbibliath#eBibliotheek Descartes deel 3 van Boom, Amsterdam. In the first
three parts it turns out not to be a dry matter, but a very entertaining, modest autobiography with a wealth of wise kxtivajtagth part,
however, it becomes less accessible and cmivg metaphysics, in the fifth part an outdated description of biological facts as proof of the inanimate
mechanics of the body and the animal as a machine, and in the sixth part the explanation why he did not dare to pehlitér padetail in \ew
of the then recent conviction of Galilei.
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3 starting with the simplest, but also search coherences that deviate from that natural
order;

4 making summaries and genevakrviews everywhere so complete that you are sure
not skipping anything.

In dealing with others, however, he would have to live with uncertain beliefs and
customs that he did not want to condemn before he himself was completely certain of
their inaccuracyTo that end, he decided to:

1 obey the customs of the country, but also from your own religion and to stay in the

middle of extremes;

2 be as determined as possible (keep course) once you have decided on views, even
you still have doubts;

3 conquer yarself rather than destiny; rather change your own wishes than the world
order (stoic);

4 consider in succession the activities of people in this life in order to choose the best.

He did the latter by traveling around for nine years until he decidedtk® isdhe
Netherlandsthefirst republic of Europein order "to avoid all the places where |
could have acquaintances and to withdraw here in a country where ...

because of the long duration of the war such an order has been createabipedis that the
armies that are maintained there serve only to be able to enjoy the fruits of peace with greate
security;and where amid the crowd of a very active people who are more concerned about
their own affairs than curious about those of otheithout missing the comforts found in

the most visited cities,

| have been able to live as lonely and withdrawn as in the most remote deserts.

p >‘
on Stevin

'
&

Fig. 41 Sim

Fig. 43 Christiaan
Hendrik van Oranje Spinoza Huygens

Fig. 42 Baruch de

However, it alsdiad beerthe landwherethe prince of Orang@rotected him against
attacks ofstraightline Protestantswvhere he mebimon Stevin(in several wayshead
of Galilei) andhis friend Beeckmalfin several wayshead of Newtonwhere the
microscope was invented and telescope with which Galilei disedtee moons of
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Jupiter, where Spinoza grinded lenses and workdis'Ethics mathematicalls;
where Christiaan Huygersimired and corrected him.

In the Netherlands, he designhed a metaphysical world view based on two evidences:

1 Individual doubt proves that you think that you exist as a thinking being, and that
you can distinguistwhether or ndtin all parts of that existence.

2 The doubt and the representation of what does not, not yet or no longer belongs to
your existenceawakens the awareness of your own imperfection.
That implies a sense of a comprehensive perfection outside of ydor,dutof the
existence of God.

How these twdevidencesead to his idea of a complete separation between immortal
spirit and mortal bdy (cartesian dualisms beyond me.

That distraction does not excel in rationality. The small, doubting, imperfect, thinking
ego is in Descartésview in contrast with the great, perfect certaintysofis spirit.

Science is the individugursuitto that comprehensive certainty. If that doubt and the
ensuing certainty isnind, where does thenattef that we perceive come from?

Is that a divine conceptiorcfeation) that moves along (eagitates)with the divine
thought as a world soul (aristotelian entelechy)?

If that bound matter has a substance other than the free spirit, how can the spirit take
hold of our body? Spinozsoon rejected that dualism.

Now that we havedlarned machines to doubt with switches (transistors) and finally
even to thinkfo methat debate seems over.

Descarte'sules for the mind seem more important to science than his metaphysics.
From 1620 he wrote thHRegulen van de bestieringe des Verstdntsnever

published them himself.

The manuscripts were left with Princess Christina after his death in Stockholm in
1650. They only appeared in 1684 after many wanderings (involving Hupaehs
Leibniz)? for the first time in Dutch and only in 1701 in Latin.

The first sentence made the biggest impression on me:

" People, as soon as thecognize any equality between two things, have the habit to
supposehat equality in everythig even in which those things différ

This puts a bomb under the usual statistics on heterogeneous sets such as people in
medical science and biology. You canapply a conclusion about one equality
between objects to those objedtshey may differ in other characteristics.

a Spinoza(1677)Ethichttps://www.thelatinlibrary.com/spinoza.ethical.html
Spinoza(1677)Ethics(WWW1997)MTSU Pislophy WebWorkattp://frank.mtsu.edu/~rbombard/RB/Spinoza/ethica _-front.html

b Dijksterhuis(1975)De mechanisering viaet wereldbeeld(Amsterdam 1980)Meulenhoff

¢ Sjoerd Zwarttaps my fingers here: "The debate about dualism igetafiosed in the philosophy of mind. Popper, for example, has advocated it with
Eccles (famous neurosurgeon)Tie self and Its Bralf1977)."

d Descartes(1684)Regulae ad directionem ingenii Regudn de bestieringe des verstants(Den Haag 1966)Nigrgitiblished in more intelligible
Dutch in the Descartes library part 1 of Bookmsterdam in 2010.
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Fig. 45Hume Fig. 46 Kant ig. 47 Darwin

Leibnitz is the first to distinguish, apart from the truth, the modality of possible worlds
that is crucial for designers, but further he folemliDescartes. They share the view
that we can go back to the experience of untouchable eewdint truths.

"The fundamental likeness between Leibniz and Descartes is in the conception that w
can gobackto experience until we come to unassailable oreeifient truthsThe

manner in which these truths are conceived is alike in ladittgugh Leibniz makes

the distinction betweeverites eternelles (a priorandverités de fait (a posteriorij @

Kant will elaborate this distinctiomore clearly than Descartes

Fig. 44 Leibnitz

aDelisle Burns(1916)Leibniz and Descartes(The Monist Oxford University Press)October 26-826625
https://www.jstor.org/stable/279006087?seq=1#metadata info tab contents
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8 19 PHILOSOPHERS FOLLOWING KANT LOST SCIENTIFIC RELEVANCE

Humehad stressedack to the facts, first look for yourself, agorioris, categories
and assumptions in advance! Even a causal relationship is a mental assumption.
The senses only observeeguencef events.

The mind reducetheinfinite variety of impressions manageable generalizations.

Kant, howevergaveidealisma placeback in sciencewith 26 apriori ideas in his still
popular and highly cited science desitjiext to ideas o§paceandtimelocated in the
senses, our mind then contains 24 ideas ineigson

Categories Kinds of judgement
1 Quantity  Unit General
Multiplicity Special
Allness Singular
2 Quality Reality Affirmative
Negation Denying
Constraint Infinite

3 Relationshipof inherence and subsistence (substantia et accidens)  Categorical
of causality and dependence (cause and effect) Hypothetical
of community (interaction between active and passive)  Disjunctive

4 Modality Possibility, Impossibility Problematic
Existence, nofexistence Assertory
Necessity, Coincidence Apodictic

Fig. 48 Twenty foura priori categories andkinds of judgment according to Kant

These ideas would be necessary to miakewledgépossible.
That & ideasis already less than what Platssumedspresent in everyorgmind
from past lives, buit is again more than the 8 of Aristotle

According to Kantan intellectualjudgmentattaches &roperty of one or aother
‘category(Fig. 48) to an'object.

In orderto do sg however,you need also aability to judge (to choose an appropriate
adjective for a given noun), apart fradhe senses. Moreover, an ovesaing 'reasoh
from seltchosen ideas and principles must determine wHapgopriaté

Kant supposeshis multitude of instancet® bea unity. the subject'(, 'you, '(s)he).
The unity of an indivisiblendividualis a crucial assumption any ofKants 'proofs.
The subjecthowever can be a multitude.

Identity is flexible, playing different rolesn different contexts

It can change. It develops, amiist be learnenh childhood a posteriori composed
and stabilizedn orderto remaina recognizablesubject incommunicabn with others
Identity must be chosénom a multitude of possibilitie® be uniqueand held fast

aKant(1787)Critik der reinen Vernunft9, 810(Frankfurt am Main1976)Suhrkamp p2ll or Kant(1787)Kritiek van de zuere rede 189,
8§10(Amsterdam 2004)Boopil61, 168

b Foucault will oppose that idea of unity in an individual. Minsky also assumes a multitude of individual judgmental autonwiindividial in the
very readable and even exciting: Minsky(1985)The Society Of Mind(NewYork 1988)Simon Schuseeo b Dyl an (2020) sings
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| haveelaboratd that inchapter3 p48.2
So, Kan's 'unity' can be missing, and is therefore agiriori present.

Moreover,how couldyouimagineafter Darwin that once an animal has suddenly
become an intelligent person with coincidentally 26 mutations and the implementation
of all these traits simultaneously?

Kant'skinds of judgement and word categories may be philosophically interesting and
useful to be distinguished, but there are overlaps and hidden suppositions making the
‘a priori to an uncontrollable andnnessecargomplexstarting point

Philosophergoll owing Kant lost scientific relevance.

Science went its own truttinding way with welldefined objects, operations,
experimentsteliable observation angtalid reasoning.

Both philosophy and sciengdowever]ost the view orpossibility-finding, design
The common concept ofalid reasoning the commonogic, took that view away.
Let me investigate thatfter§ 20in the next chaptes.

aThe experiments with children in a ey of publicationssummarized in Piaget (1966) La psychologie'éefant (Paris) Presses universitaires de
Francecan be interpreted this way, even though Piageselfclaimedto be a Kantian.
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8§ 20 PHILOSOPHY SUPPOSESA DESIGN

Fig. 7 p24 distinguishesnodalities, level®f scale context and object layex of
design.Philosophy themxhibits the following design features.

Modality b ((trueY probablé&y possibléy imaginabl@@desirable)

The modality of philosophy is primarilyuth andethics(supposinglesirability).

From Thales to Kant, the ethical imperative reads in sifortid what you blame
othersfor'a, From this rule, many derived philosophical questions have been raised, for
example about knowing yourself, understanding the rest, your moral duty and pity.

An inheritedreligion mayimprisonsuchtruths in its own nonnegotiable belief
blamingotherreligions Thathas caused bloody wais hinders doubt and debate
proving thecurrentsignificance of philosophy beyond scierar& religion

Speakinghe truth is an ethical critemomotivatingscienceandjurisdiction
Aristoteles and Leibitz took steps towardgossibility, but that was no match for the
omnipresent quest for truth and virtue.

Levels of scaldd ( € 10m,3m,1m, é )

Philosophyhas spoken out from atom smiverse butits mainfocushas beenhe
human scaleranging fromhuman knowledgehe way we (should) think to human
culture andoolitics. It seldom concerned the body and its internal biotics.

Context layersp(AbioticsUBioticsUTechniqu&JEconomyJCulture UGovernance

The presocratic fascination fabiotics andbiotics, shifted to the emphasis on human
affairs by the sophists aitlata The context ofovernanceandculture
overshadowethe wondement abouhature.Questionsand answerabout(a)biotics
stabilized, frozernn the writings of Aristotleauthoritativefor more than 1000 years

Some philosophers weegtisansengineers or tradesmen. $echniqueand
economymay have beeacontext of philosophy, but it has noftenbeen itsobject
Diogenes Laertius (ca 29%D)* summarised the lives ofiore than 80 antique
philosophers, but he did not mention Archime(ss-230)or Euclides(ca-300)

After Pythagoragca-530BC), mathematics apparently had been separated from
philosophy as an independent disciplinemost to beeferred toby philosopy

That would occur more often after tRenaisancebut Newton(1687)still called his
groundbreakinghysics'natural philosopy'.

Smith(1776Y, however foundedeconomyas an independent discipline.

Object layers b (Content U FormU Structure U Function U Intention)
Thecontentof philosophy has been separated as body andmattgrandideas but
Spinoza(1677)united themalreadyas one 'substanc&heform of philosophy as a

aBut what if you do not blame crime?

b Diogenes Laertius(ca 250AD)Lives of eminent philosophers I, II(Cambridge Mass2000)Loeb Harvard University Press

¢ Newton(1687)Philosophiae Naturalis Principia Mathematica(Londbiewton(1687)Principia, the mathematical principles of natural
philosophy(New York1846)Adeénttps://archive.org/stream/newtonsphexnaOOnewtrich#page/n71/mode/2up

d Smith(1776)An inquiry into the nature and the wealth of nations(London)
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design is linear and thetructure on the lowest level is that of verbal language.
Philosophy is seldom expressed in images, enabling diorensionaktructures.

Some art and poetry maycludephilosophical views, but these miss the exactness,
required for criticism and debate. Thenction may be described as changing
suppositions, thentention as integralunderstandingparts of) the worldScience then
has the same function and intention, splitting these pasisaoializedlisciplines.

PHILOSOPHY CAN BE CONSTITUTED

Is philosophy constitutable accordingRmy. 13 on @B7? It reads:
A difference Uchange Ucoherence Uselection  UcombinationU
B metabolism Uregulation U organizatiorilJ specializationU reproductionU
C information Usecurity Uaffection Uidentity Uinfluence

Thesewordsmay coverall objects of philosophybutthesehave beemlaboratednly
in the modality of truth or desirability.

The modality of possibilityits imaginationandits suppositionshiereexpressedh an
assumed sequenwgath U), wouldextendthe context and object of philosophy.
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6.L OGIC SUPPOSES A LINEAR LANGUAGE

§ 21 Logic is linear, language and truth bound................ciiiiii e 105
The logical space is limited to verbal language..............cooovuiiiiiriiiiii e, 105
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This chapter takes some distance from lpgonsidered athea prioribasis of our
rational thinking. Logic can be understood adeaign, based oexperiential science.
After millions of years hunting and gathering we havesgoheexperience with sets.
Words name sets and logic detaches their overlaps.

You can summarize similar actiorsjbjectsand object®f actionin sets

You can imagine somethingbetweenor beyond.The human ability to gather more

than two objects in one image brings a summarjzimtgrmediate third within reach.

You can imagine, represent and combine them in an intermediate language in order t
coordinate actions.

Logic formalizes tk art of combining sets with conjunctions, but our capacity fer co
action (thinking) includes mor&he onesided fixation on logicatruth within a linear
languagelimits the view ornpossibilitiesthat are not (yet) true.

The ability to design requires more space than the logical space.
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8 21 LOGIC IS LINEAR , LANGUAGE - AND TRUTH BOUND

THE LOGIC AL SPACEIS LIMITED TO VERBAL LANGUAGE
If you point to something or someone, and you say a wortdegnistraor'), then
bystanders can nod or shdke. The first mean&rué€, the othernot true (‘falsé).

Each word, referring to an actual object, has such a positive or netativeralue
(true or false) in th&8ogical space The usual logic excludes a third possibility
(someway tru@ndfalse) as acontradiction It is an administrator or it is not an
administrator, not both as imultivalent logi¢ (notregarded here).

Symbolic logicuses the symbok' for 'not and'@ for 'and.
Words (variable$ or assertionsgroposition§ are abbreviated tcharactes (eg'a
for 'administratol). So, &x a (aand not g is an inadmissible contradiction.

This logical prohibition shows tHenear limitation of a verbal language such as logic.
A perpendicular view on a straiglitte 'b', may show goint, so &% b.
A 2D perpendicular symbotY’) could make that contradiction allowabléx b.

If you pronounce a second word (for examplearming) before’administrato’ then
that combination (charming administrator) becomgsdgment

The bystanders can agree in one way and not agree in three ways. The logical space
then consists of foucases A administrator and charming, B administrator and not
charming, C not@ministrator and charming, D not administrator and not charming.
With every new qualification'gredicat® that number of cases doubles.

In the upper left corner dfig. 49, the logical spacef 'a (for exampléadministratof)
and'c' (for examplécharming) is displayed and subdividéd'a, 'x a, and'c’, 'xc'.

They can be truéwhite) orfalse not true (gray)The expressions agk) and c=5(x)
below mean that the words a and c here are a different name, attoiboperationf
of thesameobject x (the object x that you have desitgu)?

¢ e e e[ d -
,/ ﬂ 2 A7
—c —C
OR ||[NOR | | XOR || IFF IF

WITH LTI IN- | lalways|always
H()e=h(x) | AND INAND our| | ™ [Tuo| |NOT |pEgp| | T lqgaa | true | false.

®

o

|

R )
Kool

039 Waarheidstafel u —C

20170806 .xar

tauto- contra-

ave ||aVe ar<cllace a=c | alc a<=c| a\c —a a —c c :
! : \
\
material sufficient

condition, condition,
implication guarantee

Fig. 49 Truth table

ante-

anc || alc

cases

aRyle(1949)The concept of mind(Chicago)University Piadss introduction calls it &iolation of logil rules if you relate differeniogical types
in an assertiorHowever, he does not provide rules for tieategory discipline Here, | choose one object with different characteristics as an
example, sahat by definition | keep the same category or tigyehe objectHowever, the problem remains with addedattributes('predicate$y.
You cannotsay that something Ieedder than rouridsee further p18).
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As soon as a and c are linked with conjunctjdhsir sequence as antecedg@ntand
consequenfc) is importantBelow, | will further specify the options A, B, C and D
that may béethe case Peirce (1883yvas the first to design a table of truth values for
conjunctions, but Wittgenstein (191®)ade it populat.

Wittgenstein began with the famous phrase: "The world is all that is the case."
The logical space then contains@dssible caseseven if they are ndthe case

If you now put a conjunction between a and c, tmahbinationwill have its own
‘truth valug shown in the top row d¥ig. 49 as white (true) and gray (not true)
subsets with every combination in their logical spatd¢he bottom rows they are
specified for each cage-D from both a and c true until both false.

That creates some surprises.

For example, if a and c are bd#ise(case D), a combination such'aBc¢' (‘neither a
nor C) still can betrue. This applies to more conjunctions (the white cells in the
bottom ow), for exampléif a then ¢('aY c).

Fig. 49thus combines a and c in each of those four cases A, B, C and D with the
conjunctions coded in thmiddle row:

‘a and ¢ 'not a and ¢'a or ¢, 'a neither § 'either a, or ¢'a then and only if'c'if a

then ¢, 'then a if ¢ and so on.

In each case there are 16 combinations: 8 conjunctionthaimaienial For example,
‘aY ¢ (if a, then ¢ 'aimplies ¢) means the same as/c (not a without 9.

The negation of is in the next column symbolized as /.

Without c, a is not true, beatverything elsés true! That is'counterintuitive'. This
‘implication limits a to a certain part of &a(as far as'cand denies onlia if not c.

By contrast, the complete denial "not aX §") refers to an indefinite remainder
(everything except a)Not' therefore shows an awareness that there are othe
possibilities. Designers need such awareness without limits.

PREDICATE LOGIC CORRECTS THE FALSE USE OF CONJUNCTIONS

Charming administrators are administratanglthey are charming.

The overlapping of the set of all administrators with the set of all that is charming is
delineated by the conjuncticend (') from the rest (no gruff administrators or
charming movie stars).

In common language the wolahd is also used for both setsgether (everything that
is administratoandcharming).A better conjunction is theior' ('U), if that at least
does not have the meaning of exclusiv€'either ... or'’>- <'): 'Do you want jan®r
cheese on your breddfot both). The symbolgistinguish thembetter than words.

aPeirce editor(1883)Studies in Logic by the Members of the Johns Hopkins University(Boston)Little, Brown & Co
Wittgenstein(1918)Tractatusdico-philosophicus Logisciphilosophische Abhandlung(Frankfurt am Main 1963)Suhrkamp
Except bothDodgon in 1894 (the writer of Ade in Wonderland), Shosky, and Russell in 18f€also calledsinventors
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Thus, conjunctions are not always used unequivocally, especially when a sentence hze
more conjunctions. For exampl®o you want cheese and jam on your bread or

cheese antail and water or milk and if milk then cold or warm\®ith symbols,

phrases with a large number of conjunctions can be handled corhealily)(

That is particularlyusefulfor algorithms with many operations.

If you assign propertiegpfedicate$ to an object with a conjunctiofjudgmeny, then

a contradiction can occur with an imprudent use of conjuncti®astence 1:
"Administrators are charming and not charming" is such a contradiction, but it may be
intended assentence 2'There are charming and there are not charming
administrators".

In order to avoid the contradiction of sentence 1, the vemrdicould be replaced by

an exclusiveor' (>- <). That, however, changes the mearimgn assertion that is not
precisely meant in sentenceStntence 1 contains a hidden generalizing supposition:
'For all administrators applies:'....

Sentence 2 does explicithotgeneralize by the phraSeh e r e'. That makes it a
safe statemenin logic, this distinction is provided Bguantifier symbols' x (‘'For all
x") and$x (‘There are %or 'There is an %, followed by":' (‘for which applie§.
Sentence 1 in symbols now readst: d* c (contradiction) and sentence 2:

($a: c)d$a: xc).

PROPOSITION LOGIC COMBINES JUDGEMENTS , PROPOSITIONS

Frommoreseparate true statements (propositions) you can sometimes dedtiver a
statement as a conclusiarhe 'propositional logitdistinguishedlifferentdistractions,
such as induction, deducti@md abductiorfFig. 50).

Induction Deduction modus Deduction modus Abduction
ponens tollens
Aadorp, If I am in Delft, then | If | amin Delft, then | If | am in Delft, | am in
Aagtdorp, am in the Netherlands. am in theNetherlands. the Netherlands.
é (DY N), (DY N), (DY N),
and Zwolle
are places in the well, | am in Delft. (D) well, | amnotinthe  well, | am in the
Netherlands.¥) Netherlands. X N) Netherlands. (N

are So: | am in the So: | am not in Delft. So: | am in Delf

Netherlands. (N) (xD)

Fig. 50 Somekinds of reasoning

Induction cannotyield a definitivetruth, but at most @robability, how ever many
observations yomaydo.

The example oFig. 50 counts4000places from Aadorp until Zwolle in The
Netherlands, butree observation edésvhere, such dsondon is a place in Englahd
may prove that the conclusion is false.
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According to Poppéryou always have to formulate a scientific conclusion so that
everyone can refute it with a countrample ‘(alsification).
Any inductive generalizing conclusion is then basically provisiongu@ss.

The inductive conclusion dfig. 50 out of the more than 4000 cases proven true
(‘verifications) shows how a shegighted generalizing assumption can lead to a
wrong conclusion. Nevertheless, inductioménerally accepted as a scientific
method, albeit under Poppecondition of falsifiability, with sufficient examples for a
statistically substantiated conclusidreliability’) and (except this induction)
furthermore a logically soud reasoning'alidity").

Deduction leads to a true conclusiginboth first statements (the premisgasgjor and
'minor) are true. The most important scientific application of deduction is
mathematics with its axioms and definitions as suppositiestared to be trulr the
time being during the inferen¢@remisse’.

Here only two examples of deduction are giverodus ponenis&nd'modus tollen's
but there are more logically valid modes. In this examplesptapr takes the form
of 'In all cases ..."()', the'minor: 'There is a case for which .%)(applies
Inductionhasonly observation&There are cases for whidpplies ...($).

Abduction is logically not valid, but is applied in practice, for example in case of
justice

Major: "If you have raped her, then | can find your DNA on the sp@Y DNA),

Minor: "Well, | found your DNA on the spot(DNA)

Conclusion:So you raped-h¢f ———
Fig. 51 An example of abduction

Abduction logically produces no truth, but it does offer a possibility (confpigres0:
'so | am in Delff). This kind of reasoning may help designiersheir search for
possibilities heuristic valug.? These possibilitieshoweverare then limited only to
the cases that are included in thajor-premise
That is not an acceptable limitation of possibilities for designers.

AN IMAGE MAY CONTAIN CONTRADICTIONS

Now back to the predicateSru€ in one direction can béalse in another direction.
If you judge'c' (‘charming) while looking at an administrat@& from the side, then
looking from the front | may judge c' (‘notcharming).

That way a line may appear as a ponattas a line. A cylinder is round, but from a
different angle of view rectangularptround.A bridge is closed and not closed at the
same place and time, depending on the directf@approach by road or water.

aPopper(1934)The logic of Scientific Discovery(London 1983)Hutchinson

b Dorst (2013) Academic design (Eindhoven) TUE Inaugural sppgcfor example, interprets induction, deduction and abduction as forms of:
what!+how2Solution, what!+how!=Solution, andhat?+how!=Solution. The exclamation marks and question marks here have the meaning
'I=Determinedor '?=UndeterminedAccording to Dorst, in the last form (abduction) the designers also lack the exclamation pbim/for
(what?+how?=SolutionPesigningis then the art of questioning thdwhat?' and how?' to be answered.
The question isvhether a reference to logical reasonfiogns helps or restricts desigim § 23p48 onwards | willsummarizehe restrictions.
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In many judgements the direction tacitly plays a role. The verbal language supposes
one direction by itself, one route irspatial representation where many routes are
possible. With verbal language alone yaannotdistinguish directions.

You may introduce a change of direction saying "Another approach is ...", but that
does not determine the directiofou need ammage to do so.

You can of course make a sentence suchhasbridge is open, but closed
perpendicular to the connectiowith '‘perpendiculdn(”), howeveryou then
forcefully refer to a spatial representation in which directiars fwe distinguished.
| suspect thatdirectiorl (approach) is supposed in every word, and therefurst
refer to an imageA verbal language refers; imagsisow.

That does not exclude that both can be misleading.

'IF' SUPPOSESLIMITED ALTERNATIVES BY 'THEN'

‘Not' refers to an unlimited remaindéeverythinge x ¢ e')p'lf' éefers tolimited,
determined casa®ext tq or after eachother.

The phrasdf you pick up the other side of tham, then we can carry it together
presumes the cases of picking up and carrying. The seriehgend this stone, then
| can use it for cuttingpresumes the cases of grinding antting.

It enablesintermediate operatiohsuch as making tools in a production process.
In archeology,tis is seen as evidence of earlier human presence.

The use of language as an intermediateisetiso dtool, as well avody language:
laughing, looking angry aguestioning.

With a seriedIf a then b and if b then,daY b)@bY c), etc., you can weigh whole
lines of argument on their consequences, but you can also weigh alternatives
('scenario%. The logic immediately conclude¥ &, but then younay forget a
necessary intermediate stepMith (aY b)@((bY c)U(xbY x)) you can create a branch
In a tree structure of scenari@uwitches connected in series in a computer
(‘transistory also do this, albeit binaryoft' or 'off").

If b='on’ (‘tru€), then the road is open to the next switch c. A bifurcation arises when b
'off' (‘falsé) triggers another switch x (in programming languafy®: then celsex’).

You then walk thragh another branch of the trégomputer software is seas an
application of logi¢but'true and 'false do not play a parifhey have been replaced

by alternativeactionsc or x. You could call thdaction logic.
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8 22 'l F' DIFFERS

E A NECESSARY CONDITION (‘IMPLICATION 'Y ) IS NOT NECESSARY

A necessary condition has alternatives

If you take the car (ajhen(c) you definitely will ride. ifathenc, & c
If you take the trairix) or (y) the cycle thenyou also can ride XY cory c
So, taking the caa) is notanecessary condition to ride

There are alternativesy,...for a.

A necessary condition haside effects

If you takethecar (a),then(c) you need a drivers licence ifathenc, & c
Y ou shouldalsonot have drunk too much alcohg) @nd
(q) you also need a warning triangle aY poray q.

So, taking the car has nibte one consequencd needing a drivers licence).
2 There areside effect9,q,...beyond c.

aaaaaaaaaa

side effect alternative alternative side effect

a<=C
!

necessary and
necessary, sufficient, sufficient condition

Fig. 52 Different conditions

A SUFFICIENT CONDITION (U ) IS NOT SUFFICIENT

The logical arrow turnaround, but the logical sequence of antece@éfitst, from
which followsa consequence' remains the same.
The 'sufficient’ condition is therefore notampletelyreversed necessary condition.

A sufficient condition has alternatives

You can ride (a) if you take the car.(c) only then aifc, B c
You can also take the train (x) or the cycle (y) aUxordly
So, the ability to ride is not a sufficient conditibguarantee'jo take the car (c)
There are alternatives x,yfor c.

A sufficient condition hasside effects

You cantake the ca(a), if (c) you have a drives license only then a if cal c.
Instead of the ability to take the car (apuycanalso identify yourselfy)
or get a job @) if you have a drivers licence pU c orqU c.

So,to be able to take the c@)is not the only thing guaranteed by a drivers licence
There are side effecgsgé f or a..
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@ A 'NECESSARY AND SUFFICIENT CONDITION ' (U ) EXPRESSES EQUIVALENCE
With 'U ' (‘'equivalenc 'a and'c' say the sam@n other words
That is not entirely useless. In mathematitss also very useful.

A CAUSE IS A CONDITION , BUT A CONDITION IS NOT ALWAYS A CAUSE

'If house, then foundatigror itsdoublenegative equivalentNo house without
foundation concermatimelessresult, not thectionin time causingthat result.

The action iventuallymotivatedby such a resultlf you build a house, then you
first have to make a foundatiopecauseno house without foundation

Compare this withwhat | earlier calledaction logi¢in computer software.

'If you let it go, then it falls suggests a causal sequence, whsg@revious example
was purely conditional.

A foundation is not theauseof a houselt is a practical conditionfor a house.

Thelinearlanguageof logic oftenrefersto time.In aY c is'a theantecendentand'c’
the corsequenceTher in'i f tiéerl, has @aemporal connotation.

‘Not without, howeversounds purelgpatial] and the truth table d¢fig. 49 p106
showsspatialequivalentsn order to eplain logical operatordy overlapping sets.

| defend:'No change without differenter 'No time without space

After all, a process mu&akeplace. | would like to changeeverything change
(attributed to Herakleitoby Platoas'everything disappedrsr ‘everything flow§ to
‘everything differs That allows me to representuséas a special case ‘ebndition.

Assumewe read in the newspaper:

"The collisionwascausedy the driver losing control.That sounds plausible, until

an extraterrestrial descends next to us and $dgasense! A cdikion is caused by

two objects moving towards each other on the same'line!

If he is right, the newspaper is wrong, because if that was not the case, there would
have been no collision, even though one of the drivadslost control of the wheel.

But there arestill other circumstances to think,efhere one of the drivers loses

control over the steering wheel without causing a collision.

If the cars had stopped, if the petrol had run out just before the collision, a breakdown
in the engine occurred,gust of wind had blown one of the cars off the course, an
earthquake had opened a deep ravine between them, and so on.

If in that sense all conditions for a collision are met, theridlsecondition added
(thatadriver loses control over the wheel) is called 'taiséof the collision.
Every'causéis a condition that something can happen, but not every condition is also
a'causé A negativécause of failure however, is easier to determine if one condition
of the many falls away in a process you expected to function normally.
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DESIGN SUPPOSES MORE CONDITIONS THAN ONE

Every cause is surrounded by many other conditions that must be fulfilled in order to
make somethingossible

The last added condition is oftenlled ‘causé('the roof made the hou¥e

One'if ... then' strain is not sufficient for use in the multidinsonal space.
There are all kinds of preceding roots (conditions) and subsequent branches
(consequences):'ee of causality or even a forest full of such trees together
That enables imaginingre possibilies

There are always many condits (sideby-side,'horizontally) at the same time, each
with their own'vertical context of trunk and tree structure, in order to make
something happen (or make it at least possible).

Thats what designers, managers and ecologists know about.

A linearlanguageoften ignores the othé&idevalues('c'if 'a or'p'or'q or...) as if
they remain the same in all caseegferis paribus

Theseare all side streets that disrupt the line of argument.

You can then adp ... 2 as'sufficient conditionsat'a in the logical formula, but how
do you know whether this is actualgufficient? Their number is basically infinite.

If youhaveenougs eed, sun, water and mineral s,
eaten by animals or fungi, cut down, catches fire, and so on. These are all positive (if
. then) and negative (i f notéthen) c
it possibé. What else is possible under these conditions? Which unnamed, but easy to
realize conditions can | add? What is timorepossible? Typical desigristanguage.

L OGIC OVERLOOKS MULTIDIMENSIONAL CONDITIONS OF POSSIBILITY
'If a then ¢(aY c), andonly then a if ¢(‘aU c') are assertions that can only be true or
false.What is true must be possible, but what is possible still does not have to be true.

It can bemadetrue. Truth claims concern a small subséteomuch larger set of
possibilities.These possibilities are largely untruevery improbabl€Fig. 3, pl5),
but just that is the field of designeBesignersare looking for possibilities that are
not (yet) true or probable, otherwise they only make copies, sepopgrognoses.

Before a possibility isealized, yowcannotsay:'lt is true that it is possiblebecause

truth is a subset of possibility just as cows are a subset of animals, and you cannot sa
'‘An animal is a coweither.

You can say'lt is possiblehat it is (or becomes) trjjgust as you can sa\A cow is

an animal This applies in general (cows: cow¥ animals).

Not for all animals applies animal then cow (x" animals: animalé cows).

In a special case yauaystill say:There is an animal for which applié$ithis is an
animal, then it is a cow$ animal: anima¥ cow).

The reversébcow:cowyY animal is trivial. Our use of the wortacitly supposes itself
In the meaning ('semantics') of 'cot'cows: cow animal is already decided
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M ODAL LOGIC MAKES POSSIBILITY SUBORDINATE TO TRUTH

If you are looking for conditions to make something possible'ntibelal logic offers

two new operatoré 1 a nf d statejnent' (for example nothing goes faster than
light') must be true in all circumstances, thefis necessarily truel( 9.

In modal logic 'in all circumstances' reads as the even broader 'in all possible‘worlds

An assertioric' (for exampl€it is freezing) being not true now and hefec), can be
true in other seasonis otherparts of the wrld or in any possible world

Possibly'c' (Rc) is defined asnot necessarily untruéx xc).b

Impossiby ¢ (x Rc) isthereforenecessally not ¢: x ¢ in any possible world

'Necessdly ¢ ( 1 ¢ ) tibseall pessibtelworlds antpossiblyc' (Rc) in some.
Every assertiorfc' about an impossible world is itself impossib¥d3¢), and must
therefore by definition necessarily not'be'l xc'.

ThenRc = x1 xcis limited by ne@ssiy, subordinated to thieuth value of necessity

The modal verbmust( t h e o0 p eof caursesubjedt Jo a wide range of
explanation% and there is kind of modal logic for every opinion.

A common view is thé&lethic vision: there are no worlds thabdot meet the logic,
our idea ofbeind (‘'metaphysica) and the generally applicable laws of nature.
These conditions are also ordgscriptivéin our linear verbal language.

In imagesperhaps there is more possible.

The modal logiancludes different systems such'é§ 'T' and'D'. SystenK' includes

al | propositions of pr op 8addsthadihpasl | ogi
necessary, p YipsFranlthsa yas betproverethal aliptrue is at

least possible (p 6p, that starts to look likBig. 3p15). That is not yet fixed irK'.
SystemD'adds toK't hat what i s nece¥d&@ary is als

A logical claim, however, can only be true or false.

The statement¥aRRc (If a is true, then c is possibiehen contradict&ig. 3p15 (the
view that truth is a subset of practical possibilities).

If 'possibility is a modality, then a part, and thereftreth', is also a modality.

A modal logic that understandsuth' itself as modalitycannottake formal logic as a
starting point ad must look very differenThis is certainly not to say that logic is
useless, but it has its limitations and it is fagbriori innate.

alntroduced by eibniz(1710kEssais de Théodicée sur la Bonté de Dieu, la libertdhdmine et'brigine du mglAmsterdam)Changuidn order b
answer the always pressing question why an infinitely good and almighty Creator has allowed evil into the world (théodicgrgees that He
has chosen thieest of all possible worldd eibniz alsoinvented the infinitesimal calculus (integrating and differentiating), in other words, the
useful handling of infinities in mathematics gave him a reassuring analogy in religion.

b Hughes(2005)A new introduction to modal logic(Abington)Routlepltje.

c Divers(2002)Possible worlds(Abington)Routledsek If possible worldsmust belogical (relatable), credible (doxastical), exidefmetaphysical),
nameable (analytical), knowable (epistemical) or tolerable (deontikal) thisequires less or more logicsligpositions about the possible in the
modal logic.Divers does not mention the conditimperatingthat is presented here 'asactical.
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§ 23 DESIGN REQUIRES MORE DIMENSIONS THAN THE LOGIC SPACE

| F TRUE, THEN POSSIBILE
Modal logic makes possibility subordinate to truth, whereas what is true must
certainlybe possibleand that is more than wottbund'not necessarily not

Current logic is limited tdruth values It does not involvé relationships
The apparent contradiction (the perpendicularity parad&xgofs pl7) thenis
considered to be inadmissible.

Necessarilyif a then balso suggests that there is no alternative to b.

The common logic focuses on conjunctions and adjecipreslicates instead of the
central verb (or it had to concern the aclE®s'is' that assumes a metaphysiteding
in assertions, propositions).

The'being truécomes first, thémaking truéis left out of consideration.

The assumption that computer programs are always based on this logic is not correct.
Theircommandif ... then ..\is an action choice without truth value

The transistor operbe possibility a or b on demand.

That has nothing to deith truth.

Such reductions block design thinking.

How to construct an actieoriented modal logic, in whictruth' itself is a modality, |
will leave to others, bupractically possibld can define for the time being aghat
can be realized througdttiorl. That requires a new operator.

A nontlanguagebound, and therefore not assertlmound, but actiomelated practical
possibility condition, is definitely something else than a truth condition.

| write that'practical conditiohas cb a (c supposess possible by). For example:
Cultureb Biotics b Abiotics.'ls supposed in' dmakes possiblg'enablesthen gets
the symbolU: Abiotics U Biotics U Culture.

These operatoiisicludethe truthvalued implicationsCultureY BioticsY Abiotics,
if there are nalternativegnecessity). Acording toFig. 52 p110, howerer,there are
explicitly other alternatives x, y ... instead'@®fmaking 'c' possible

Fourexercises in the next section shod&monstratevhenb andU arerequired.

That'c Y a is the only (or strictly necessary) possibility foor ais premature.

Such a linealnecessarily truas frustrating for designers in their search for nonlinear
‘perpendiculdmpossibilities.Unfortunately, thisnecessityis often assumed as self
evident by'scientifically trainedadvisers and experts.

If a designer wants to present a possibility as feadibmthe assertiot$ possibility:
possibility Y truth' is not a solution, because the truth of that statement should already
includethe posiility (Fig. 49 p105). '$ possibility: possibility0 truth' is also not
possible, because that possibility is (at) true (realized).
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| am here on the slippery path ohaeta languadel am talkingaboutthe language
use of truth and possibility, but in the same language and logic with an appeal to the
same word4ruth' or 'necessity According toRussel] thatmaylead to contradictions.

According to the perpendiculgr paradox(Fig. 5 p17), however,a metalanguageas
conceivable aperpendiculdrto the language discussed.
That logical contradiction”{") then onlyseems contradiction'paradoX.

The common logic does not apply to images or representations that are not covered
with words.This is important for designers.

If ... then .."is assumed in every design, but the logiogilication has a meaning that
Is inadequate for designers. It is discussed belowfaith'exercise's

The modality of common logic is not desirability or possibility, fruith'.
What is'tru€ is certainlypossible but not everything that {gossibles alsotrue.
Truth (or more general probability3 thus a part gbossibilityin Fig. 3 p15.

Because yogannotspeak oftruth’ without an assertionthat can be true or false, it is
bound to verbal languagkelowever, vords generaliseSq, differentimagesare
covered by one word and a word evokes different images in different people.

An assertion igru€ if this claim corresponds to a reality that can be confirmed or
repeated by other$his correspondence passes a considerable number of barriers
deserving dabt about verbal communicatigp70). If truth can only be expressed in
words, then a photograph is not logicdliy€. The claimThis picture covers reality
may be'truée, but that is a halfruth, because a picture never completely covers reality.

EXERCISE 1 L AYERS OF CONTEXT DO NOT IMPLY (Y ), BUT SUPPOSE(P) EACH OTHER
Before there is a design, before there ihjectto think about afterwards, there is a
contextmaking a design possibledistinguish the following layers of contexig.

13 p37 with primitive definitions in brackets):

governancémanagementdministration, steeringrganizations),

culture (a set of common assumptions and provisions),

economy (livelihood through transport and exchange of goods and services),
techque (providingimprobable opportunities),

biotics (a set of cells with localy entropylowering metabosm) and
abiotics(matter with increasing entropy).

Theymayhave some conditional stacki(igig. 7 p24).
Which kind of conditionality is applicable here?

The necessary condition cuts off possibilities

Suppose firstigovernance’ cultureY economyY technologyY biotics

Y physics This meansif governancehen culture, if culture then econohand so
on. In the first glance | indeed can hardly imaggmernanceavithout a shared culture
('not without is the same a¥ ', seeFig. 49 p105).
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Governanceafter allimplies a collection of shared s&fidentassumptions: a
language, agreements, a division of tasks, availability of facilities and their rules.

However a dictatorial management or governanah coercion or death threat does
not presume all thaf\lso agovernancéhat withholds information does not share its
concealed assumptions in a common cultarel what abousteeringrobots? So |

still can imagine @overnancavithout culture.

After that, | can hardly imagine a culture without econoliyelinood through
transport and exchange of goods and services

Without that, every culture will go undeZulture is then according téig. 49
necessarily a subset of each economy (cufureconomy).

However aculture whose livelihood falls away, may fall back in hunting and

collecting (perhaps even robbery) with direct individual consumption and thus without
economy, but still with a (slightly changed) culture (keeping language, religion, etc).
Children also do not have to be part of the exchange of goods and services (labor) by
trarsport for many years.

The elderly do so on the scale of the family, for the time being.

This also applies to sick people and families whanotprovide for their livelihood.

It may be provided outside of them by an economy and a care system on a &rger sc
keeping a family culture intacthe scale on which you giveconomyand'culturé a
meaning therefore plays a role. Respecting the scale paraigo (18) you cannot
change the level of scale in an argument. So | keep reasoning at one levid.of sca

This way | can imagine a culture without economy on a family scale.

The implicationgovernance’ cultureY economicsdoes not apply completely if
you keep the same level of scale in the argument.

For the following layers of context | can also comenuih falsifying examples

The sufficient condition is not sufficient

Then take'governancd) cultureU economyU technologyU bioticsU physics
This means'governancef culture, ‘culture if economy and so on.

That is possible, but not necessarily true. The inverted implichtidherefore is not
practical if you want to leave unrealized (untrue) possibilities open to designers.
Culture may makgovernanceossible, but not necessarily.

If you take'bringing cups to the kitchen ando the dishésasa part ofliving by
transport and exchange of goods and seryitdesn a family also has a family
economy, but it does not necessapipducea family culture.

This applies entirely to hermits, but there are alssn®les from cultural anthropo
logy, and the question is whether you can speatudifiré in an ant colony
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An ant colonyin any case clearly has a form'lofelihood through transport and
exchange of goods and serviceSo | can imagine an economy without culture.

This way | can also come up witHowever...' examples for the other logical relations
in the series (falsifications) where tisefficient conditionJ ' does not suffice.

Design requires a practical condition

| prefer'Governance cultureb economyb technologyP biotics b physics
‘governancepossibleby culturé, ‘culture possibldy economy, and so on.

You may exchanggossibléby 'supposed(litterally understoodp) if it concerns the
possibility of imaginationln theopposite direction you can ug'culture makes
governanceossibléor 'enables imaginingovernancg. In a special case) youcan
still hold 'this governancaecessarily impliea culturé (Y ).

These possibility conditionats or UincludeY or U , without becomingJ ..
Releasinghe necessityfrom 'if ... therl is a liberation for a designer who seeks
possibilities instead of truths or necessities. The tacit, but corassamption of
truth and necessity, plays the leading role in every communication.

A good designer questions current assumptions and only agmegh something
new if some assumptions are omitted or replatettgming).

The questiorcan | imagine x without y, but with ziacreases thpossibility of
imagination.

EXERCISE 2 L AYERS OF OBJECT DO NOT IMPLY (Y ), BUT SUPPOSE(P) EACH OTHER
The previous exercise concerned layered characteristics of the desigmt
This exercise involves severlyers of the desigrobject(Fig. 7 p24):

content (naterial substancevhich can take form)

form (a durable and thus recognizablate of dispersign
structure (asetof separatios and connections),
function (directedperation)

intentions(focus on dield of goalg.

A design procesdoes not have to follow that sequence itself.

There are as many design methods as desigDaesstarts with thenaterial or the
form (meansoriented desigh the other with the function or intentiogdaldirected
designr) and each method themmps back and forth between all thésgersin order
to constantly change theimto a coherentoncepit.

Its execution however, starts with gathering materials, then give them a form, a
structure in order to keep that fordetailing parts for different functions and at last
check if theyfulfill the intentios of users.

On page24 | assumed a 'conditional’ sequenisint it simply a logical sequence?

aAn exchange of goods and services is not necessarily tied to a culture with valuation, money, agreements and so oyounanilafire numerous
examples where goods and services are exchanged without aftvettat gou can call culture in the sense defined here.
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The necessary conditior(Y ) is not necessary

Assumefirst the implication: contenY formY structureY functionY intention.
This is not right. Liquid or galsave a content, buot necessarilp determinedgshape
keeping form by structurd here are structudformswithout function or intention

This applies the morso, for the content of ourmaginations.

They do nohave astableform, structure, function or intention.

In orderto ‘place themnext tootherimages we cangivethemaform, adispersionn
an imaginary spaceonsidering possible structurdanctions and intentions

Cicercd alsosequentidy 'placedthe parts of his argument asnemory support in
different rooms of an imaginary pala@®nsidered different routes, chaseefor his
speechandthen couldememierthatwalk during his speech

A designer caevenleave rooms empty for thanie being giving them a form

without content, without choosing materials, structures, functions or intentions yet.

This may be characteristic of any design skill

A design objechor its componentsxist before it is designed

Consideringdifferent possible combinations of variable components, you can finally
choose the besbherenceand make a proposal for realization.

The realisation itselfioes nogetthis sequencevith alogical necessity either.
The collectedmaterialdoes not necaarily get a form. A form does not necessarily
have astructure and so on

The sufficient condition (U ) misses opportunities

Assumethen thesufficient conditiort contentd form U structureU functionU
intention.A contentthennecessarily exists in séar it has a form, and a foranly if it
has a structure an@ ®n.This cannotbe true for the imagination of a designer

A designemaydraw a shape (contour), still without any idea about the structure
keeping it in formS(he)can describe a structure that still may have all kinds of
functions, and so oMhese representations exist only in thought, and that applies to
every possibilitythat has not yet been realized, even if it is not realizable at all.

Truth logichasroom for what is not true (an indefinite rest), but it is not a tool to
explore that restis a field of possibilities

To explore what is not (yet) true, requires aatigint kind of conditional.

You can guess that my preference for design logic again comes down to théouse of

aCicero¢55)De oratore Il 531(Cambridge Mass 1959)Harvard University Press Loeb.Heinpa&fn
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EXERCISE 3 LEVELS OF SCALE DO NOT HAVE A LOGICAL OR CONDITIONAL SEQUENCE

This exercise involves severkdvels of the desigrobject(Fig. 7 p24):
é
10m(nominal radiupetween 30m and 3m)
3m (nominal radiudetween 10m and 1m)
1m (nomind radiusbetween 3m and 0.3m)
é

Fig. 49 onpl05shows & c as sets a and where 'a only true within c'.

You then couldluntly think that 'c' should be larger than 'a’. $mY 10m
reading 'if there is 1m, then there must be 10m't(@universe is infinite).

In that sense, however, 10fn 1mis also true, salOmU 1m, but hat is certainly
not true.What is wrong in this inference?

Theattributeof ¢ is notlarger than a, it isnoregeneralthan theattributeof a.
Charming(c) is notlarger than an adminstrator (a),
c only extends to more persotisan administrators.

This unveils a tacit suppositiom@@105 cis not only an attribute, it ian objectwvith
that attribute: a charmingerson Since an administratda) is implicitly a person, the
logical operator connects objects of the same (Ryte, § 21p105).

In cow Y arimalthe type is implicitly the sam@oth are organisms)

So, you may say 10M m ('if 10metre then metre' That seems trivial, but '10m' or
'm' cannot berue of falsewithoutindicating objects with that size. The mentioned

sizes argheir attributes Adding an object, it could read building Y windowm, but

that is only true witra quantifyer $): 'There is a case where buildipgY

windowi, .

Here, the implication with a possibiligalue(U) comes in: you may say building, U
windowm ('if buildingiom, thenwindowan, is possiblebr ‘buildingom enables
windowiy'). That isa useful conclusion for design. The reverse, however, is also
possible So, it does not determined@&ection ofsequencén levels of scale

For desigrand imagination, however, it may be useful to alternate the level lefifca
both largeU small and small large It is a kind of changing context (Hertzberger's
advice on @79. LargeU smallmay be usefulor probablepossibilities(determined

by stdistics)and smallJ large forimprobable ones

EXERCISE 4 M ODALITIES ARE LOGICAL IMPLICATIONS .

Fig. 7 p24 stateqtrueY ) probableY possibleY imaginableaccording tcFig. 3
p15. That allowsstating'desirableY imaginable the problem fieldas
probabl&x desirable and the field of aims as desir@plessibléx probable.
So, thepurelylogical operatorsare sufficienfor modlities.
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POSSIBILITY A TRUTH
Sets are usually drawn as 2D Venn diagrastslk® proposed to draw possibilities
stacked 3D as layers thetentually can be removed or replaced.

gover-
nance intention
2 v i
e culture .
W function
economy U
A structure
technique U
4 form
bIOItIICS U
abiotics content
Fig. 53 Necessarily Fig. 54 Contextlayers Fig. 55 Objectlayers
CYBYA supposing lower layers supposinge lower layers

In'If B thennecessarihA' (B Y A), Bis only true as a subsetA.
So,B is necessarilpart ofA. There is no alternative fe.
'If B thenA possible(B b A), or 'A enable<C' (B U C), doesleavealternatives foAA.

Linear erbal language neglects possibilitfeshe line of reasoning
Theremay, however existpossibilities beyon® Y A (Fig. 52 p110).

For example,fiA represents aabiotic basis, as a hecessary condition for life
phenomen#®, which in turn are a necessary condition for cufdr€ Y BY A,
thenthe 'ABCmodel of Fig. 8 p26 applies subsets trapped ihé flat plane.

B cannotbe replaced byhe alternatives, y, etc.of Fig. 52 p110

If you concerrtechnique as an extension of the biotic layethBn it may enable
more than theld C.
So,distinctionmay opemew possibilities(a well knownexperience by designers).

If Citselfis specified andubdivided intayovernancgeculture (inanarrow sense),
economyandtechrology (Fig. 54), then you can no longer propose them as subsets or
necessarjogical implications(Y ). Fig. 54 andFig. 55 therefore give a spatially
constituenimageof exercised and 2n 'layers of subpositionsp).?

Moreover, exercise (p115 demonstrated the improbable possibility that a dictator
removesreplacesor transformghe layer 'culture’ ifrig. 54.
Exercise Apl17) demonstrated that there anéentionspossiblewithout function.

a Stolk(2015)Ee complexcognitieve benadering van stedebouwkundig ontwerpen(PetifschriffTUBk Urbanismp176.
b Becausesetsin relation to truth coditions are always drawn with smobtlturvedlines, | have distinguished the conditions of thpEissibility as
rectanglesThis is unfortunately not consistent with the symbol for necessaiy fnodal logic.
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8§ 24 LOGIC SUPPOSESA DESIGN

Fig. 7 p24 distinguishesnodalities, level®f scale contextlayersand object layey of
design. Logidhen exhibits the following design features.

Modality b ((trueY probableY possibleY imaginable)@desirable)

Themodality of logic istruth .2 Anything true isprobable, but not eveqyrobability
Is true.The set of truths is a subset of the sqirobabilities

The set of pobablities is a limited subset of the setmdssillities, but not every
possibility is probableThe limitatiors of that subseareselectedrariables.

Logic istruth basedand 'truth’ is bound to verbal assertions.

These are linear by natuie.an image, @onclusiom" that assertiomay contradict
the assertionSuch conalsions ardlocked by linear logic.

Designrequires gossibility-based conjunction.

Anything true must benaginable, but not always desirable.
If it is not desirable, then you have a probjema field of problemdf it is desirable
and possible, butot probable, then you have an aim, or a field of aiffig. 3 p15)

Levels of scald (é |, 10m, 3)m, 1m, ¢é

In the predicate logicyou may assume thatobject supposes a context, an
undetermened resbr antecedertconsequenimplies objecty context.

Theconsequent (eg animal) should be more general than the antecedent (eg cow).

In the proposition logic the major (eg 'If | am in Delft, then | am in the Netherlands)
shouldbe more general than the minor (&gll, | am in Delft').
So, logic covers any levef scale.

Context layersp(AbioticsUBioticsUTechniquelJEconomyUCulture UGovernance
Theabiotic conditions ofFig. 13 p37 are largely recognizable in logis a design.
These are supposed in the biotic and cultural conditions that follow theumtlzey f
specificatiors. The logicitselfdoes not haveiotic specifications

Perhaps inlogy requires some specifying additions to common logic téxhinique
certainly requires a possibility operator. That should enatxd@omy culture and
governance bu these still may requirevenmore specifying additions of their own.

Object layers b (Content U Form U Structure U Function U Intention)
Conjunctions and rules connecting predicates and propositionsear@ntent of
logic. Thesubjectpredicate distinction, however, hides the crucial verb in the
predicateThe action and its result is stabilizasl aproperty of the actor (subject).

This distinction obstructs an understanding of verbal language as a human design.
Any verbal expression is an interfunctional means for cooperative action at last.
The verb is the core of the sentence, eventually flanked by other expressions
specifying the active subjeandthe result of the actiorsubjectverb-result.

aModal logic (92) introduces a possibility operator, still subordinate to tratissibly'c' (Rc) is defined as 'not necessarily untruef & c)
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Theform is linear, and thetructure is no more than a strict sequerafeconnections
and separationg hefunction is correcting verbal language, including mathematical
language, without any othartention than to make proper reasoning possible.

L OGIC CAN BE CONSTITUTED

Is logic @mnstitutable according t6ig. 13 on @77? It reads:

A difference Uchange Ucoherence Uselection U combinationU
B metabolism Uregulation U organizatiorilJ specializationU reproductionU
C information Usecurity Uaffection Uidentity Uinfluence

Logical variables are indeetifferent assertions
Logical operatorghangetheir meaningegx) or makea newcombination (egy ).
Theselectionis true or falsé What, howeverabout thecoherenc@

Logic allows to saylf a man is an animal, thehe earth is round

If both assertiongretrue, thenthelogical implication'y ' is true(Fig. 49 p105), but it
does nomake sensd he claims must have sona®herencewith eachother in order
to give a meaningfutombinationas a result.

Fig. 49 pl05therefore added a conditiola: and ¢ must contain an effect on the same
variable X (antecedent a 5() and consequent ¢ %X)).

Moreover,f; and § should bealsoof the samétyp€e (Ryle, see note J05.

You cannot connect red and round in the assewdiorredder than rourideven if it
concerns function of thesame x'Redder than rounds not'imaginablé

So,with coherencethe logic is constitutablgndimaginableas an abioticdesign

If biology requires more specifying additions to common lpthien you may first
question whethemetabolismcan get some meaning in logic. Metabodi primarily
supposes some difference of combinafioy logical operators). | will natry to
answer this and theextraising questionsutalreadyl proposed:, b, andU.

Let us for the time being conclude thiag tconstitution of logi® abiotic conditions

Logic gives our linear, verbal language the exactness that is required for mathematics
(a part of that languagémited to quantifyable qualities, their conjunctions and some
verbg. Since Russél] the geneal view is that mathematics can be founded on Iégic.

aln the case of a multivalent logic with more possibilities than 'true' or 'false’ (no excluded third), selection muay alsogjor role. It also plays a
major role in other designs, because the object that has yet to be designed is vague inrtimg b€gere is still a margin between ‘'indeed' and 'not'.

b Russell(1903)The Principles of Mathematics(Cambridge)University Biep4.

¢ The oldfashionedhorough and dece@erman atlas oReinhardt;Soeder;Falk(1977)dAtlas zur Mathematik(Minchen)Deutscher Taschenbuch
Verlag therefore begins with logic
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You can simulate a simple neural network even in excel............ccccovviiieiiiieiiineeeennn. 166

YOU CAN tEACKH AN ... ittt e e e e ettt e e e e e e e e e e et e e e e n bbb eaeeas 166
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§ 30 MathematicS SUPPOSES @ UESIGN......cceeiiiiiiiiiiiiiiiiieaietiitia e e e e e e e e e e e eaeaeeeeeeeeeeenrenne 170
Modalityb((trueY probableY possibley imaginablefdesirable)...............coecveceeceeieeeee e 170
Levelsofscale( € , 1 0 M, 3 M, LM, . )i e e ee e e e e e e e e e e eeereeeeaaene 171
Context layers(AbioticsUBioticsUTechniqu&EconomyJCultureJGOVErnance).............cccveeeuveeeuveenne.. 171
Object layers (ContentU Form U StructureU FunctionU INtention)...........cc.cecvveeeeeeiieeeeee e e 172
Mathematics can De CONSHITULEA. ..........oiiiiiiiii e 173
Mathematics reduces quality t0 QUANTIEY..........cooeeruiiiiiiiiieiii e 173
Quality may have N0 SEQUENTIAL OFUEL..........ciii it e e e e e eeeeeeeee 174
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Mathematics extends iMagiNatioN...........couuuuiiiiiiiieeii e e 176
Mathematics extends verbal language by reduChon.............uuuiiiiiiiiei e 176

The title of this chapter is a statement | want to test in four examplestioématics.
Geometryand probability theorguppose that cases can be reducgdnumbers of
repeated equal units. Geometry reduces objects to measures, probability theory
reduces differences to deviations froroemtral number.

An exactrepetitionof operations on the result of previous operatiaterdtion),
however,mayyield infinite variety, buthis varietyis still smaller than that of nature
It demonstrates hownsall differences can have major consequences

A learning neural networssupposd in our brains can be mathematically simulated
by repeatecdjustmendf the repetitionAlthough | understad step by step what
happens, &till do not understand what happemgotal at last

Reality alwaysovertrumps us with exceptions.

The quantitative reduction of differences and changes requires continuous adaptation
and expansion of differewtlculation rules, series of linked operatiéns.

That variety of supposed operations, however, still does not cover everything you
easilycansee happening around.

aAbramowitz; Stegun(1965)Handbook of Mathematical Functions(New York)Doseded already more than 1000 pages.
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8 25 GEOMETRY ENABLES A LANGUAGE IN MORE DIRECTIONS

EUCLID 'S FIRST DEFINITIONS HIDES MANY SUPPOSITIONS
Euclid'sfirst definitions for geometryca 300 BCYisappoint me.

The first definitions of Euclid their substantiasuppositions
"a A point isthat, which has no part.” 'being, 'having, 'part

"b A line is a lengttwithout breadth 'length, 'without, 'breadth

"c The ends of a line are points.” ‘end, the plural fornof endsen poins

"d A straight line isa linewhich lies evenly with the points on itsélf(this also applies to curvejing’, ‘evenly, ‘'on
Fig. 57 The first four definitions of Euclid®

The used word¥part, 'length and'breadthpresuppose already tk&aght line that
has to be defined. The definition'sfraight linéis beyondme, but that may be due
the translation from old GreekAnyhow, Euclid needsl1 substantial suppositions.

| take the suppositions @&, 'the, 'that’,'which’, 'no, ‘without', ‘with'for granted as not
yet substantialvords butl would avoidthe tacit metaphysic®f 'is' and'hasin a
definition. These verbs do not refer to reations Fig. 58is my preliminaryattempt
to formulate practical definitions usiragtions yerbg based on 'difference’.

GEOMETRY CAN BE FOUNDED ON LESS SUPPOSITIONS
This attempt is flawed and incomplete, but it is sufficient to conclude that there are
starting pointgossible with less suppositiotisan the Euclidean.

Practicaldefinitions their substantiasugpositions
a'A point differs the least. 'differing’, 'the least
b "Two points differs more and directs. 'moré, 'directing

¢ 'Contiguous pointgliffers the least more.

d'A line' directs contiguous points.

e 'A straight liné directs the least.

f 'Parallel straight linésliffers and directs the least

g 'Perpendicular straight linediffers and directs the most. 'the most

Fig. 58 Practical definitions

Thenamedsbetweerl...' represent no more thargaality, still without any other
meaning than defined. Theyreadymay havea plural form, but thelefining verbis
singularin order toavoid supposing a plural form still to blefined

A gquantity concept arises only throughther distinctios.

An observedbject is enclosed in all directions by differen¢ég). 5 pl17).

A lateralobservatiorsupposes an 'inwardt an'outward'directionfrom insideinto
outside or from outsidmto inside That may lead to an opposite conclusion about the
object (hollow or convex), but does not change théifferencefrom the restitself.

A frontal (" latera) observatiorsimply concludes 'something differs from the rest'.
The statieindependent concepf 'difference stabilizesthe verbinto a noun

aEuclides(ca300)The elements, definitiorasd in Greek mathematical works (Cambridge Mass 2002)Harvard University Prespd®2hSee also
Dijksterhuis(1929)De elementen van Euclides(Groningen)Noorgfidft o o
bAgdUaU o),Uceelo g0UBos3sicg Ussd UG UUgUed GdeUaessd a0t UUs.
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The verb does nogvenrequire an object yet 'of which' the 'rest' can differ, because 'to
differ' is aprecondition for 'object

Somethingdiffersfirst, before it isrecognized as an objecsdmething different

A 'different object’, themtroduces the plural of ‘two objegtbut'least’, 'more' and
'the most' still do not havequantitativemeaning.They distinguish here only the
difference // tahe boundary oény object (least difference), ahdmost difference).

A point is an object without insidé\ pointdoes nosupposeny directionor
difference in directionlt has no other difference than just 'being differdfity.(58a).
Differing and directing are still one observation.

Two points differanddirect (Fig. 58b), but'direction' ges onlya meaningby

'difference in directingthree points)

The practical definitions a anddb Fig. 58 simultaneously enable to develop 'distance’
(as a primary difference) and 'number’ (in steps next to a and defnatdhere).

In ¢, the termcontiguousis defined (betterconstituted seep35).

In b, c and d, the terfrmore perhaps raises the questittran what?lt lies in the
language, the concept of definition and its constitution that the answer nithstrbe
the foregoing That should then be a prisuppositiomot yet constitutetiere

In e, areduced meaning directing is used.

'Directs the leastefers to théleast number of directiohthere momentary understood
in a quantitative sensdh everyday language, a straight line is the most dirgchut
you should bear in mind thatliinits directions most.

In f the plural form is still defined assangular actiorof differing and diredng.

In g, ‘perpendiculdis defined agmost difference in direction.

‘To differ is a verb It hasno activesubjector object.It supposes, however, that

opposite directions (18Pare again théeastdifferent to each othei his supposition
would require, amongst others, an addition to the practical definitions, but so far it is
sufficient to conclude that there are other possible starting points than the Euclidean.

From the concepts dliffering' and 'directing, the wordperpendiculdr(™) can be
constituted after just a few definitions, an essential condition for placing and
describing objectaumericallywith the'linear algebran ‘analytical geometrs;

ANALYTICAL GEOMETRY REDUCES FORM INTO NUMBERS AND OPERATIONS

If you drawtwo ” straight lines'¢oordinate axeéx and y) crossing in a point called
‘origin' in aplane(0 0 inFig.59), then you can descriltkerelativeposition ofeach
point'p' by two numberg'coordnate$x, and y): its shortesdistance”™ to x and y

aThe operations of analytical geome#mecalled'linear algebraThe conventions of linear algebra may differ from other algebra's. For example, the
normal multiplication & is usually written as ab, ortiiig the multiplication sign. In lineair algebra, however, the dot productidigtween
matricess usuallyomitted even though its meaning is not the usual multiplication, sungof multiplications. That is why | will not omit the dot
product sign in this text. There are more instances where | will offend the professional conventions of linear algelsrassugfi | for vectors.
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A straightline between two points requires 4 numbers. If a line starts in the origin,
then xp and yp at the end are sufficient in order to calculate ithléamgtording to
PythagorasasQx,>+Yyp?) and its angle (‘arc’) with theaxis as 'arctanfxy)'.

It is common to display related numbers in a table (a 'mMatrfixows and|or columns
between brackets [ ]. A kind of addeulltiplication (the 'dot produtcy) of a
‘transformation matrixvith columns of coordinate numberdloavs to enlarge or
rotate a group of points that may produce a figure (a triandgt&ib9).

Principle Identlly matrix and a displace- Enlargement Rotation 30° *11/180 = 0.524 radians
Transformation [a b| [1 0 meint % 0 c0s(0.524) -sin(0.524)
matrix ¢ d 01 0 1 \ 0 % sin(0.524) cos(0.524)

2 610

il
/r 1t

Original point(s) | x 4 x|0 4 8 04 8
y 4 y|0 4 2 ( 042

I o W

Transformed [ax X[0 4 8
points cx+dy| 0+4 y|0 4 2
LRS 9

B - &N ® = W ©® N~ ®@ @ © © - & m w v © s~ ©®© o |

Fig. 59 Transforming three points of a triangle

If the transformation matrixas the form}, 7 (‘identity matrix), then the result is

identical You may add moreriginal point coordinategcolumng to be transformed.
Displacements adding a change of x and y, lmmlargemeritrequires a change of the
transformation matrix itselfSo doegotationin an even more sophisticated way.

Mirroring is just putting properminus signsn the transformation matrixg. 60).
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Fig. 60 Calculating Fig. 60
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aEnlargement by a fraction is in fact a redantibut | will call bothenlargemerit

10

Original coordinates of the figure upper right: [} ] e

x[ ) 500 4.98 5.34 552 546 536 5.16 4.76 4.40 4.18 3.86 322 2.86 2.44 2.10 204
yl0 4.00 4.48 5.14 536 6.16 692 7.42 7.76 7.92 7.88 8.20 8.10 8.08 7,96 7.86 8.14

1.90 1.38 1.02 0.88 0.70 0.74 1.20 0.76 0.76 0.88 0.48 0.48 0.74 1.14 1.22 1.14 0.92]
792782 762 740 726 702 668 578 532 528 432 412 402 408 418 444 444

1.03 1.11 110 1.26 143 182 1.26 1.22 1.36 1.24 142 1.78 2.08 238
4,04 3.83 360 348 3,55 368 3.34 3.20 3.06 272 2.38 2.32 2.00 1.6

1.18 1.40 1.66 1.34]
5.08 4.92 494 478

3.72 4.02 430 432 420 3.92 366 3.44 338 346
.08 5.16 494 446 4.10 3.84 364 3.60 3.76 4.10.

1.34 1.38]
4.92 4.82
1.21 1.63 213 265 3.27 3.65)
6.68 6.52 644 642 636 6.10,

2.40 2.34 246 282 2.92 348
6.32 5.80 542 4.94 4.48 4.52.

Fig. 61 Mirroring 2D, (with one slightly skewed enlargemgnt
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M ATHEMATICS ABBRI VIATES THE COMMON LANGUAGE OF VERB , SUBJECT AND
OBJECT

The mathematical languadimits its nouns to quantities, and iterbsto operations
on, or between theif+, -, +, .3,/ , . l€hasworldwideaccepted conventions such as
abbreviating the sententject yshowsa working of subject x into'gs'y = f(x)'".

The expr essi o,xarfdfaée)he sulgecttard ebjeghe wdrking of the
‘active subjecix on a'passive objety: y=f(x) then may be specifieidr exampleas
'squaring'x times x: 'y=f(x)=x2. In common languagé¢he sequencé obeyyou
means something else thdou obeymé. In the language ahathematicy=f(x)
differs alsofrom x=f(y). Tha counts for multiplying rows and columio.

ROWYCOLUMN PRODUCES A SINGLE NUMBER , BUT COLUMN JROW PRODUCESA

MATRIX

Vectorsare lines with a direction, a starting poiahd an end poir{irawn as an
arrowin Fig. 60). If its starting point is supposed befo 0], then it is usually noted as
[yl Vectors such agsy or § areusuallyabbreviatednto one characteandwritten

bold eg'v'; matrices such a§ o arewritten bold CAPITAL egM.

| write a vectorv primarily asarow [x»yj, its transpositioft v asa column &.
Other mathematicatlonventions, howeveassumehe reversev= ﬁg andv'=[xy].
This has serious consequences for the meaniagpoindafx’ in both conventions:

a-x" produces a scalaa’-x produces a matr

Vectors primarily as columns: asx = x+*a = .., @'sx = x™»a = vector, but a*x’= x*a’= matrix ‘ectors primarily as rows: a+x = x+a = ... a*x' = x*a' = vector, but  a’x=x"+a = matrix
ax a’ X a'x a x' ax' a x' ax’ a’

a X a X asx X a'sx

1 10 10 10] 10 1 10 20 30]||[1 2 3] [10 20 30] 10 10 10 1 10 20 30
2 20 40 [123] . |20] =40 2| . [10 20 3] = |20 40 60 40 [123] « |20] = 40 2 | +[10 20 30] = |20 40 60
3 30 90 30/ 90 3 30 60 90 20 30| 90 3 30 60 90
140 140 140 140

a Xea x' X a’

b X' a “a X xea’ ar X x*a X a’ x+a’ XS a X™a
[1 2 3] [10 20 30] 10 1 10 10 10 20 30 1 10 10 1 10 10 10 20 30
40 [10 20 30] - lz] = 40 [20}. [123] = [20 40 60] 2 20 40 [10 20 30]'[2] = 40 [zo] sf2:3] = lzo 40 so‘
90 3| 90 30 60 90|| | 3 3

30 90 90 20 30 60 90
140 140 140 140

Fig. 62 Dot products not applied here:|| Fig. 63 Dot products aspplied here:

vectors primarily as rows in Maxima
https://en.smath.info/view/SMathStudio/summary https://sourceforge.net/projects/maximalfiles/

a'Transpositiohmeans'therows become columns, atite columnsbecomeows.
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THREE-DIMENSIONAL SPACE REQUIRES 3NUMBERS IN ORDER TO LOCATE A POINT

In threedimensional space (3D) you need 3 numbers (X, y andrigir65) per point.

To be complete, you may note a vector as a matrix including its starting point, as it is
done inFig. 66. The coloured lines dfig. 65 showthethreecorrespondingrectors

X y z

slarting point [ (0 0 0-
end point L 0 3 10_

starting point 0 0o 0
end paint (2.5 A3 .25 10

starting point 0 0 0

end poinL|-25+43 -25 10

|
|
gl
-
~
<
N

(0zo)
angle=arctangent(2/3)=0.59radiansx180/m=33.7degrees L 0

- : 22543 225 10|
0 1 2 " 3 4 5 5 [ 0 0 30]

Fig. 64 Points,vectors their Fig. 65 Points,vectors Fig. 66 Vectors in a matrix
length, and angle 2D and aplane3D adding end points

Vectorscan besimply added(Fig. 66) into one sum vector (the dotted limeFig. 65).
If the vectorgepresentorces, tlen that sum is the resulting forceegultany.

THERE ARE DIFFERENT WAYS TO M ULTIPLY VECTORS

Call a=[1 231 andx=[45 ¢, then: Principle call a=[a bc] andx=[xy7]:
productax: [L23][456 =[41018 aX: [abc][xyz] =[axbycZ]

dot productasx: [123]7[456 =32 aTX: [a bdTxyz] =ax+by+cz
‘crossproduct a3 x:[1 233 [346] =[-3 6-3] a8 X:[abc?[xyZ] =[ay-bxbzcy cxaz]

The symbolic representation at the rightleclarifies the calculation.

A normalproductresults in aow of separately multiplied numbefa ‘'vector).
A dot productaddsa row of multiplicationsinto a shglenumber &'scalat).

A cross productmultipliescrosswiseandsubtractsa second product.

It results in a vectawith important applicatios) explainedon pagel31l

Usingdifferentsymbolsfor arbitrary numbers with differentrole in the calculation
(‘variabley, showsthe powerof mathematical language.

If you 'number thenumbersin a list or vector, giving the symbol dndex a;, &, a¢
(theseparate valuds a), then you may useventheseindexes=1,2...nin
calculatiors such as summinga().

If younamea,b asa, a andx, y asxi, Xz, thenyou can write
'sum gix; fori=1to 2asB . Thissimply means &;+axX,, thedot product

ax =[a bfixy] = ax+by,
anx = [as &]1[X1,X2] = aXgt+apxe and if ai=1, =2, x1=3, X»=4, then thalot product
arx = [1 2]1[3 4] =11

So these ared4 ways to write the samdot product
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066 problems.xar

MULTIPLYING MATRICES REQUIRES A SEQUENCE AND SOME EQUALITY IN SIZE
According to common use,dt productA1X or XJA multiplies therows of the first
with thecolumrs of the secondthat may be confusingpo, AqX produces something
else tharXJA. They arenotcommutablé This implies also, that ansow of the first
must contain as mualaluesas thecolumnsof the secondotherwise not aNaluesof
the first will get apartneftfrom the second: they atsot-conformi (Fig. 67).

e e i
[' - JB : J R SENE

Square matricesever a probler No problem Not-conform
Fig. 67 Multiplying matrices

However, in order to makieom a single number a vector matrix‘conform with the
matrix you want to multiplywith, you may add columrfdled with zerosat the right
or rowsfilled with zerosat the bottomif so, the dot prodat maysometimesesult in
anormalproduct, andt may evenneglectnumbers in the calculation.

Fig. 67 shows theesultsof adot productyou may expect from adding zenoso 2«2
matrices normal products (here indicated By not intended as a cross product), or
summed products, here indicateddas Theempty places areeros(not shown)

single number first row first column first square first

m u X L B n X || n X LB | n X
[ = L] = [ ] = [ =
[ x LI X
| an X X [ | [ B | X X | | I | X X L I | I | X X
[ = L] = ° = [ =.
n X X LI X X
- L] X L L} X3 L L} X - m n X
L] = ® = ) = ® =
[ [m] n n X .- n n XX
| é LI | - X X " n 7] L | - XX XX u é LB | o X X L B | . B | - HKEX XX
occ | ool n e | x x C ] mom | [xoax
m single number ~ single number not used in calculation e dotproduct xnormal product x# summed products

Fig. 68 Single numbers and vectors conformed intx2 matrices

Thevectorsrow first and'column first fully written out

row first column first
AAEX T Ax 1 AnEx s Ax 1
T T T An"nn Ax 1
AAEX (%) Ax AQ AnEx (%) Ax AQ
O AR O 1§ T An-n n Ax AQ@
AAEX‘ i Ax AUn Ar[EX‘ m Ax T
nmn UTm T T An~Umn Ax 1
ARgx @ Ax AUABGAU Amyx © AxAD
nmn UU Tt Tt An* U U Ax AQ@
All meetthe dot product of complex2 matricesfully written out
6 HL0 ® B0 Hhhe da 0 O d GO GLdo Qa
oo a 6o oowns BYT 6 afn 0 6o b do Qd
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VECTORS ARE GEOMETRICAL OBJECTS, MATRICES MAY TRANSFORM THEM

A cross producof two vectos: [a b dxix,y,z]=[bz-cy cx-az ay-bx] (SUppOSinghe origin[o 0 o]as
their starting pont andc=z=0), deliversthe surface spanned by both

It produces a new vectérboth, with that surface as length (théawormal).

In Fig. 69the cross product x b produces thepannedurface2 x 4 = 8, but it also
delivers the coordinates g of thenormal”® a andb: 12oaxo4a=1009. The 'vectorspacé
of a andb (captured in axy plang is extendednto an xyz vectospace

T T T u v v [V VA V]

Adding adisplacementtr: ¢ =« v .o x o o Dringsainto the first floor.The same
accounts fob+r. Fig. 70 alsohashalveda andb.2 A transformation matrix: « 1a

b1

and® % 1b halved them.Simply multiplying by, however, hathe same result

Some matrixesultiplying a vector cabe replaced by one factfeigenvalug.
The new vectorsandb now span aurfaceof 2, thelength of theimormal

That is not an enlargementif, but ¥, becaus¢he newsurfaceis ¥z atimesyz b.
So, henormalis the cross product of halvedindb: (10ax{02g=002.

a %> 7>
2 Sy y y

Fig. 69 The nbr

X 3

mal axb Fig. 70 Replacing 'andenlarging'a Fig. 71 Rbtating
Rotating however, requireBansformatiormatriceswithout a simpleeigenvalue

Turn x Turny Turn z ™o en T p8t .
mop m Em m ¢ s fII’St,
1 0 0 cos angle ) 0 sin{ angle ) cos( angle ) -sin( angle ) 0 ™ T T P& o
0 cos(angle ) -sin(angle ) 0 1 0 sin( angle ) cos( angle ) 0 and then rep|aced:pn 3 qﬁﬁ
0 sin{ange ) cos{ angle ) -sin{ ange ) O cosf ange ) 0 0 1 P o 8} g o
Fig. 72, x-axis Fig. 73y y-axis Fig. 744 z-axis Fig. 75The normal inFig. 71

Still taking oo as a starting point first made the enlargement atiee rotationof

- 30° around the yaxisin Fig. 71, before adding the displacemersts. Otherwise,

the displacemerntself would have been included in the enlargement and rotation as
has happened iRig. 59 on pag€l27. Fig. 75 showsthis sequencéor the normal

Notice that the new plane afandb as ithas beemaddedn Fig. 71, could beseenas
thexy planeof adifferentcoordinate system. has a different direction andig
stretchedprojectingthe original x units at the bottom

That makeghe xunitsin thenew plandifferentfrom the originalx units

aEnlargement by a fraction is in fact a reduction, but | call tettargement
b The angle 39is 3(p/180=0.5236 radiansnainly to be used as angalculatingcos(angle) and sin(angle).
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THE SAME VECTOR CAN BE DESCRIBED IN DIFFERENT COORDINATE SYSTEMS
Different coordinate systenmay have different directions, angles and ugkig 76).
The wnit vectorse of a systentonfinits propertiesTwo coordinate systema an xy
spacethenhave4 unit vectors the oldunitsex, ey andthe newunits nex, ney.
Eachhas still any andy coordinatan the oldsystem:ex=lex.ex] andnex=[nex nex].

Suppose you havenaarbitraryvectorv=0.5 0.5]in the oldcoordinatesystem(Fig 76).
What would be the new coordinates andnvy, of the same vector in anew system?
Suppose theld unit vectors arex=1 0], ey=[0 1 (as usual)and you wanto transform
theminto nex=[1 0.5, ney=0.25 1] . Thesecoordinateunits containall necessargata

First, calculatethe angles, a+b anda+b+g aSarctar(nex/nexy), arctar(v/v), arctar(ney/ney).
That delivers the angles(a+h)-a andg=(a+b+g- (a+b). Since you know the lengthiv|=0.707
from Pythagorasyou can calculate the lengthtbk --- sides |vjisinb) and|viising.
Fig.77 showsFig 76 in detail,using|visink) and|vjisin@, with b, gandb+gin radians.

y ny

076-077 Base
transformationxar

Aey-0 1

ney=[ney, ney,]=[0.25 1]

076077 Base

o+p+y=arctan(1/0.25) = 75.9°=1.325rad
o+f3 =arctan(0.5/0.5) = 45.0°=0.785rad

a =arctan(0.5/1) = 26.6°=0.464rad ¢+

~_v=[v. v]=[0.5 0.5]
nex = [nex. nex,] =[1 0.5]

ex = [ex, ey,] =[1 0]

>
V. 1 X
Fig. 76 A vector in 2 systems Fig. 77 Deriving new coordinates

Secondthe--- coordinag linesof nvx andnvy, (// nx andny), create twaight triangles
with the samé&nown angle+g=0.86rad, and known opposite sid@sisinp), ||viisin@).
So, the slanted sides can be calculated asisin@/sinb+g and||vjisinb)/sinb+g).

Since they enclose-a paralelogram the// opposite sides are equal
So, heytransfer these valuesto thenewaxesasthe newcoordinatesiv, andnv.

In the newsystemof Fig.77, howeverthe unit vectorsiex=[1 0.5] andney=[0.251]
becomenex=[1 o] andney=[o 1] by definition. Their lengths|nex|€12+0.8)=1.12and
lIney||£(0.28+1%)=1.03shouldbecomel to serve as a unfo, d lastthexy valuesare
'normalizedby 1.12and1.03into the new unitswith nv=[0.429 0.286@s afinal result.

132



. . 1TAgl AU - .
A transformation matri®=7 agi A0 5 mg ®hasan'inverseQ 2, transformingany
vector directly.Sa nv=Quv= "§"°% a8 .. andalsothe newunit vectors:

ne=Qre= *®, e pﬁwﬁ e Tﬁg °=0 0 (the'unit matriX with nex[1 0] ney[0 1] in columng.

Fig. 78 shows how a coordinate system with a smaller areglaceshe coordinates
of a vectorv into asmallernv, butit ip(/:&rgeiaAsgmv's covariant(Fig.77) accordingly
That covariantis easily calculateds i Aui A0V g o nf’ T = o = COV (Fig.78).

Note thathe= : ﬁfﬂ ﬁgwritesthe coordinates in rowsinstead othe columnsof P.¢

n
y / y C(;Z(y
= \J - v, V
i %
- /
P e R o |
v, X v, X

Fig. 78 In other systemghan the 90 Cartesian, acovariantsplits off

If you multiply nee, then you get an intestingmatrix: 2 , ' 1.5 ™ =50 0 2 =0,

where; means 'row' angmeans ‘column’. S@y= 1.25 gi=0.75 ga=0.75 g2=1.0625
. : . R PE LU T UV T8 ¢ W T UL _ H
This matrixnow transformsv into thecovariant 1, | &' e 4o s 500V (Fig 78).

The inverse of @ ) X o e o 70 (rc as superscript) transforms thevariantinto

L PEYX XU UBX WY WKL T8 CW . . . S
NV: Ty evpmocolmco m yonV. Here I acitly introduced the ‘tensaotation.

If you write nv as V¥ and itscovariantasvy, then these formula's in tensootation
become simply: @v=v; (‘covariantin Fig. 77) and ¢°v,=v¢ (‘contravariari).

So, the tensenotationomitsthe alwaysntendedydotproductsign By that product
the same indexes on different levghdcip@nds'PerserPt . arian@ndeontravanant ¢ g 1y
simply disappearEveng disappearbereleavingbehindits remainingindex(;) to v.

A tensor may refer to a vect@©, X", X¢, %), @ matrix (X, X¢), a set of matrices ¥,
Xem) @nd even sets of numisewrith more 'dimensions' than 3, as Einsteeded.

If a tensolincludes a covariarndits contravariant such as ,mhen it is ‘'invariant
independent from a coordinate systeamdapplicable in any coordinate system.
In Fig. 76 andFig. 77 the length of vectov andanythinggreenis invariant
Theyremain equal in the oldndin the new coordinate system.

aProfessionalsvrite the inverseQ of P asP1. That isnot 1/P=pr n%, e “=g ', butPt=Q= éé%mm éé~§Qd‘j)/D, whereD= nexney-neynex;.

D is calledthe'determinaritof P, representing the surface of the parallelogram spanned by the involved vectors (or their volume in 3D)
b ,and he reverse v:P-nvg . Note that the coordinates of a vector now have been written in a column

¢ P has apparently been a 'transpax ne. You may write that aB=ne'.
d Invented by Ricci;LevCivita(1899)Méthodes de calcul différentiel absolu et leurs applications(Leibzig1901)Teubner
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VECTORS CAN BE DESCRIBED WITHOUT AN EXTERNAL COORDINATE SYSTEM

In any description ofhe samevectors, their lengths and mutual angleswtt remain
equal(‘invariant), no matter how you may change the coordinate system.
Tensors offer means to change the coordinate sy§Ewious page)

Classical geometry did netven evemmequire an external coordinate system in order

to arrive at valid geometric conclusions and proofs, such as the Pythagorean theorem
Just as the instructions of a navigator in your leargths and mutual anglase

sufficientfor an object descriptio(Fig. 79).

Starting with a vector you can An angle can be expressed as<For a3D curved surface you cal
describe ambjectwith lengths partiallength ratioby/Dx (slope) draw a2D 'vector field of such
and angleslone From avector Then, n thecommontangent slope vectors anypoint asa

v continue as routéturn 56 to  pointwith acurve their 3/4 ‘gradient, a sebf 'derivatives
the right, drive 72m, turn 230 proportion(dy/dx)remains You Derivatives(the slope vectors)
the left, drive 49m ."and so on.can drawit as aslopevectot. are explained I8 26p136

‘./l
|
. |/ ” /
% ‘2\ / Ax=4 v
y
3 o
2 /’ 75@ 37
0 ’\ 7,
& "o,&o
-s0 7
= ﬁ ‘;/qs o
n
u L/ ™ O’eq& ik
181 I < 3/4,
,,,,, : > Y. il 0,75
2 ) 3 dx vector sv!
,‘3 —
6
%

Lo e ‘ !
56° GO\ !

/

R
5

Fig. 79 Invariant object Fig. 80 Derivatives Fig. 81 3D Derivatives:
description asslopevectors a 2D vector field

In Fig. 80 anew 37 angleis defined bytwo partiallengthsbox=4 andpy=3 asits slope
Dy/Dx=3/4. This proportion (thetangenj remains equaho matter howar you reducex
and oy equally, evenmakingthemindivisibly small(dy/dx). This proportiontself
(derivativg can be drawn as'alope vectdrsvi with alength [$vi]|.

A curvemay have differentlope vectorat any poin{with one pointtangentto v.).
In Fig. 81 a 2D'vector field of slope vectorsat the bottoms drawn from a 3D object.
Thatvector fielddescribes the slope of its surfacexiand ydirection as its derivative.

These operationsowever, doot producetransfornmations asmadeby linear algebra.
Theyonly demonstrag, that length and mutual angles of vectoasibeinvariant

In order todisengage from a presupposed external coordinate syistéimear algebra
you needtensorsincludingarbitrary coordinateandtheir unit vectorschanging the
reverse (if the unit halves, then the coordinate dolbles
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8 26 CALCULUS MAKES INFINITELY SMALL QUANTIT IES COUNTABLE

Thegrowthof a population, the compound interest of your capitdherength of
your child® can be measured per year, per quarter, per month and so on.

Fig. 82 shows two examplesgdandgreer) of growth with a different growth rate
The vertical axisy) showspeople,euro's, centimetreor whicheverotherquantity.

The growth rate ishownby right triangles of different size amatecision.
The proportion of theectangular sides is a measure forltdeal direction ofthe
curve Theoppositéadjacensideof thar growing anglds called thétangent

The slanted side ohe largest triangles the diagonalwherey=x in any point

You may calculate the growth rate in 10 yearshaslbpe of theliagonalasyix=1in

any point, eg (6,6yx=6/6=1°

Fig. 82 shows younverestimatiorcompared tdhe 'real (slowly increasinygrowth.
10

il ——— Continuous growth
8 ——— Per month N>
7 | ——— Per quarter
6 ——— Peryear (6.,6)
ys5 Per decade
4 overestimated
‘ ‘real’
3 —=
2 ’_,Tx/'l'(d(ﬁ(ﬁ;
1| ﬁ'(f
0 >
0 1 2 3 4 5 6 7 8 9 10

X (years)
Fig. 82 Growth or increase measured per period of time

Even ifthe sizeof a triangleapproachegerq thenits directionis still calculable
Calculusis inventedn order tocalculateit in indivisibly smalltriangleson a curve
(differentiation ), and to summultiplicationsby infinitely small'sizes (integration).

A quantityx ory (egadistancé approaching zers commonlyrepresented ddx' or
'dy' (Leibniz did thatfor the first time in 168} Then, treir quotient(proportion,
tangentand thus thalope ina poin) is :—‘.('differential guotientor 'derivative).

In a curved line (for examplex?), the slopediffers ineachpoint. If y=x2, then you can
write its derivativeasgs . Theinvented rulewas it hasanonzerovalue go o

Integrating (J is summing_ «ds the sum of thésurfacesof all indivisibly thin lines
y-dx from (x=) 5to 6 (thesurfacein Fig. 82). It has anon-zerovaluetoo.

Calculating thisdefinite integrdlof y.dx from 5 to 6 delivers a surface 5.5.

Fig. 82 shows that immediatelyput you need calculus the limiting lines are curved.
An integraluwithoutboundaries such as 5 and é@ed as o oolet's drawit.

ahttps://www.vub.be/groeicurven/groeicurven.html

b These figures anthany of thefollowing are made iMSExcel.

¢ 1=100% in terms of traffic roads. 200% steep slope means’4fpwardsin , however, x and y do not have the same unit lengths..

d https://commons.wikimedia.org/wiki/File:Compound Interest with Varying Frequencieshewgs the original drawing of Jelson25, edited here.
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DIFFERENTIATING AND INTEGRATING SUPPOSEINDIVISIBLE SMALL QUANTITIES

You can draw=x* as aparabola(Fig. 83). Its derivativédd —92 ¢ gsastraight line
It represents the slopé is down, +is up) in any point of the parabola.
The'integral. ¢wadtransformsx backto asetof parabola y=é+c.

Theoriginaly=x¢ (where c=0is one of them.

Integrating keeps an uncertaintyacconstantpbout the precise location.
In Fig. 831 have drawns « +o0.2with a little shift ofo.2 upwardsin order to
distinguish thatntegralvisually fromthe original y=x.

(-3,9)
9 q 9

5 EEEEE -7 EREE
tttttt e ttttt
t¥f pit “ee A f t 44
tttttt —~—r/ ttttt
6 S & L2ttt el § L1141
: tttttt ~—r/ ttttt
T Pt -~/ 111t
tttttt -/ ttttt
(2,4) tYitit —~—e2f Wttt 1L e
3 %, sttt -ttt ettt
tangent(-81°) = 611 \ x { 1Y 4% - ttttt
O ttttt
T Piabckit ;;;’{;

=x3/3 +1'
0 y0>y_x3/3 ! ttttt
Y tangent(76¢) = 41 y= /3 +0s ttttt
y=xe3 -1, PHiT
tttttt ttttt
-3 e 5 b tt.h1: | 0y O Y
A ttttt
Tttt (R e
tttttd ttttt
tttttt ft1t11
6 st ttttin ttttt
) 3 0 3 6 & 3 3 5

Fig. 83 Differentiating and integrating Fig. 84 Vectorfield of y=x3/3+c

An 'Ordinary Differential Equatic(ODE), eg— «, has arlexplicit solutior: y=2x.
The'implicit solution solves’ in the ODEitself by integrating< « _ o Q& — A,
asetof solutionst is a setbecausérom the knowndirectionsonly, you may derive
more solitions( Fig. 84). Fig. 83showsthe onewhere c=0So, distinguish:

theoriginal formula egy=x2
its 'simplifying' explicit derivative
a reversecomplicatingintegral eqg. CWQ i x*+c
adifferential equation (ODE) eg— =x2

andits implicit solutions for theimplicit y eg— A

eg—m =2x

Differential equationfiave become crucidbols in science and technolog@olving
them, ekriving anexplicity' from a derivative an implicit yfrom directionsonly, and
solving anintegration in generalequires specificulesin different cased will use
themwithout explaining Inventing such rules has been a main challenge since
Newton and Leibniz opened up this fieldmathematics'¢alculus) around1700AD.
Many (more complicateldODE's, however still cannot be solved algebraically.

aA derivativeof y (e.g. y=xX) is often coded with an apostroph ageg y=— ).
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CALCULATING EXPONENTIAL GROWTH REQUIRES CALCULUS

If you want to estimate the world population of 2050, then you shouldisiseical
data(Fig. 85). The population of 1650million in 1900 {43y became 1750million in
1910 (Ro19. That is 6% growttk' in a decade. You may suppose thabaulation i
will grow with a growth factok in a time period t: @)= Pigogk+t.

From this experiencer({910)= 1650+165@.06 1=1750million), your preliminary model
becomest)=r+Prkt, Wherer, is the initial populadon in millions and t the time period
in decadesYour preliminary model predicts a populatie@oso)= 1650+ 16560.0615= 3135
million in 2050.The world population of7soin 202Q however,is already much
larger then yougi3smillion. Whats wrong?
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Fig. 85 Population data and models Fig. 86 Their changinggrowth factor

Thedatauntil now (Fig. 85) show that thgrowth ratek itselfincreaseqFig. 86).
Moreover, it does not increase every decade, but every second or even every
indivisible momentdt'. In order to model that, you need calcullike?, thechange
of the populatiordP per moment dt- § that isa setof directions(Fig. 86) of P(k).

One known poinindicatesthe curveSolving— 0 ‘gproduces=re", wherek=in(p./p)t.?

If Pi=Pio0=165Q Pi=Ps20=7750 andt=20201900=12¢ thenk=In(7750/1650)120-0.013(1.3%).

Once knowing k, you can calculeday population such dkose in2050 and 1990:
Paos(= Pog")=1650*€ 01312%= 11597, aNdPioed= Re)=1650*¢213 = 5 316 Million people

That fits well withthe known populationof 2020 andL990 inFig. 85.

But what about'e' and'In'?

You may be used to logarithms based onidbQi)=0, log(10)=1, log(100)=2 and S0 on.
Calculus, however, uses tmatural logarithrinix) based orR=cs p vc wo v c v Eulers
numbel), wherein(1)=0, In(2)= 0.693In(e)=1, andin(3)= 1.09.

Theadvantage using thig asabase of logarithmis easy differentiating and
integrating expressions with.dts derivativeand integral botlequale®!

Fig 86 shows thakge, its derivative and its integragbroduce all the same value
A little difference,ege+0.25 and(e-0.2§ instead ok causas differentoutcomes.
The base 10 produseo equality at alland because of thatomplicated calculations

a Steward(1998)Calculus Concepts and Contexts(Pacific Grove)Cole Publishing Copb231581
b Steward(1998)p52@here es Eulers number or Napié&r constant, the base of theural logarithm In(x)to beexplained soon.
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Fig. 87 Small differences of e already produce differegifferentials and integrals

Napierdiscovered th&ight middlé around 1600. Euler called'd@ and described its
amazing properties for calculus atnigonometryaround 1730 in detadl.
That is why it is finally callecEulers number

AN OTHER TIME SCALE MAY REQUIRE A DIFFERENT FORMULA

The world population on thvery long tern{Fig. 88) frightensme.

Fig. 89 exaggerates the lower valueg log10in more detail. It shows more clearly
thereductionsafter 5000BC and yearwWe perhapsnay facealsoin our future.

The growth is due to human technologfye decline to disasteod different kind
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Fig. 88 World population in 20 000 yeaPs Fig. 89 Fig 88 on a logarithmic scale
Fig 90 givesa closer look on the last centugygrowth of P, doubling in 40 years.
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Fig. 90 World populatio
Fig 91, however,shows declining growthatesk per year after 1960.

That should have a flattening effect on the wqdghulation after some generations.
Moreover, he carrying capacity of the Earth sets its limits.

1980 1980 2000 2010 2020

nP in a century Fig. 91 Growth ratesk per year

1970

aEuler(1728) Meditatio in Experimenta explosione tormentorum nuperinstituta, translated in English: Smith(1929)A sourcenbtwmatics(New
York)McGraw Hill p95

b Averageof different sources fromttps://nl.wikipedia.org/wiki/Wereldbevolking

¢ From 1975https://www.worldmeters.info/worlebopulation/worldpopulationby-year/up t01975:
https://web.archive.org/web/20150426165332/httpww.census.gov/population/international/data/worldpop/table population i estimates
of Fig 90 show declining growthatesper year after 1960. That should have a flattening effect on the world population after some generations.
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Malthus(1798) predicted famine disasters, based on exponential grewtl (o
solved as-re: In Fig. 850n pagel37). Verhulst(1845)ncludeda carlying capacityas
K in his'logistic equatioh—0 0§ p -7 solved as ———, wherek=kmas

If k=knax aNdc areconstard, then-eis a constantkepladng it by 'A’, you carwrite

Pt) =—— . Solving A for aninitial populationr,, deliversa= (K-pPy/p,.?

Fig. 92 drawsp(t) =——, wherea=(10-2)2=4, the carrying capacitis assumed to
bek=10 (billion people) and kshould be=0.02522.5%.The point 1920from Fig. 90
choosegshe curve irFig. 93, and2020from the same sourd#s nicely inFig. 92.
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Fig. 92 A logistic Model 1722220 Fig. 93 Vectorfield of & | |}

Fig. 92 predicts, that the world populati@mould bestablein 2220.
The growth rate ifrig. 91 then should continue to decline in order to reach 0% at last.

There are, however, more processes with effect on the changing world population tha
birth andmortality. Fig. 91 shows a dip in the growth rate around 1960, probably due
to world wide pessimistic expectations during the Cold War andehevailability

of birth control agents. Tlreeffects are difficulto predict.

The dips inFig. 89 after 5000BC antheyear Q howeverare probably due to
epidemics or famineSuch dsastersmay besimulated by predategprey models

PREDATOR-PREY MODELS FLUCTUAT E APPROACHING THE CARRYING CAPACITY K
The growth and decline of prejalowed by tloseof precitors eating them, depends
on at least 6 supposed valugmfametery, resulting in very different predictionsg

Initial number of preys: preys= 8 Initial number of predators: predators= 2
Growth rate preys without predatoGpreys= 0.2 Growth rate predators feeding on prey Gpreds= 0.02¢
Death rate preys byredators: Dpreys= 0.1 Death or emigration rate predators: Dpreds= 0.2

The'Lotke-Volterra modéf (Fig. 94), with theseparameters, predicts for time t:
the next population=the previous population+the same, tir(tegir growth rate minus theirdecline):

preys =preysi +(preysi +(Gpreys -Dpreyspredators:)

predators =predators; +(predators; +(Gpredspreys:  -Dpreds).

aMalthug1798)An essay on the principle of population()
b Steward(1998)Calculus Concepts and Contexts(Pacific Grove)Cole Publishing Compaib4p5A0ws this derivation in more detail.
¢ Volterra, V., 1926. Fluctuations in the abundance of a species considatteehnatically. Nature 118: 558560.
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(Gpreds=0.029) (Gpreds=0.0%) (Gpreds=0.020)

Small changes of one parameter already may have great effect.déygmasehe
growth rate (fertility of the predators ifig. 94 from Gpreds=0.02% 0.020,then

both animal species die out at |d5g. 96 shows near zero numbers (rounding the
remaining positive fractions), aradter t=150at last even imaginary negative numbers
of prey, a clear message of extinctidw Gpreds=0.025 ifrig. 95, both seem stable.

You would expect that a lower fertility of the enemies increaseshiece of survival
of the victims.The counteiintuitive result ofFig. 94 - Fig. 96 shows a great utility of
mathematical models. The sensitivity of their parameters may make their outcome
uncertain, but it prevents premature false suppositions.

A prudent comparison with the human world populatiofigf 88 may interprete
epidemics, famine and other disastersuaspredators. Ourery successful
technological fight against them may decrease their growth rate, but that does not
exclude extinction after excessive growth by a furious ebawk of predators.

The second part of Volterseaformula decribes thehangeof preys and predators iis
changeterm§ ASDP/Dt = preys(GpreysDpreyspredators), andpredators(Gpredsprey&l-Dpreds)
If they donotchange (both 0), theif preys and predatoese not Othe terms
between the brackets produce.dBat is the case tieys= andpredators =

In that case preys and predators keep eachother in balance (equjlfigu@b) with
indeed everywhere2/o.1: 2 predator&Nd0.2/0.025= 8 preys

Fig. 95 suggests no change at all, but in reality predators cannot survive without
eating preys, simultaneously changing their number. Theuldfluctuatearound
(8,2).Plotted against the time thigsults in a regular (but not exact sisike)
fluctuation ofpreys and predatoesound(8,2).Let us take Gpreds=0.029 l6ig. 94.

alnstead of dy/dt, because the supposed time periods are not near z&an@itates a certain distance between 2 points or moments.
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Preys
Fig. 97 Vector field with solutiorsz in (5,2), (16,2), (31,3) around the equilibrium (7, 2)

Thedy/dt vector field(Fig. 97) resembles the one you could draw Faog. 94, but the
equilibrium point shiftdo 0.2/0.029=6.89reys (point (6.897,9 in Fig. 97).

It makes many cycles possible depending on the number of animals you may observe
any time in reality '{(nitial points3) such as (16,2) or (31,3).

Fig. 97 shows the cycles you migbkpect at theseheckpoint® of Fig. 94.

If 2 foxes eat 3 of 8 rabbits, then there are 5 rabbits left, so you should draw point
(5,2) inFig. 97. Through that point you can draw a counter clockwise cycle: one fox
will die if only 5 rabbits are left.

The number of rabbits harraseddmyly 1 fox now increases 7: (7,1). That is again
enough for 2 foxes, while the number of rabbits will still increase futthg,2). That
is enough for 3 foxes bringing the number of rabbits back to 7, point (7 &). I'fox
dies by lack of food. The cycle reaches its initial point (5,2), and starts anew.

A few questions arise. What means 6.897 preys? A part of a prey is no prey.
Calculus counts with fractiors preys, not their natural wholéntegef) numbers.

The graphs may remain valid if you read the population numbers as thousands, but
even then the remaing fractions should be interpreted as gaps in the continuous line.

15

10

Predators

1
20 25 30 35
Preys

Fig. 98 Jumping in the vector field oFig. 97. A final extinction of bothspeciesat (0,0)

An equilibrium? A regular cycleRig. 94 shows something else.
Thechangng changeterms are added to the previquopulation (t1).

If that itself changes too, théfig. 97 should be a curve jumping every time
interval ) into another cycle, resulting in a spirgid. 98) with gapsq-=1
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instead ofity 0. In Fig. 98, thevalues arenot continuous as it is supposed in
Fig. 97: a closed succession of indivisible moments dt.

Predators

Fig. 99 The relation of the numbers of Preys and PredatoFsg. 98) extruded in time

If you draw a 3D graph involving tinfe to the planeof Fig. 98, then you geFig. 99.
Project the curve on the floor (the Prélisne plane), and you will see the prey curve
of Fig. 94. Project it on the front wall (the Predafbime plane), and you will see the
predator curve ofig. 94.

Looking at the backwall from the pretsthe predatss you will sed~ig. 98.
The points, however, still do not represent individuals, but moments in time with
imaginary fractions of animals.

You may meet the boundaries aypplyingcalculusin Fig. 94-Fig.100
The curves are not continuous. Eég. 94-Fig.98 are connected separate (discrete)
numbers (calculatedummerically), based on time intervalgd).

The basic philosophy of calculus is to minimggeinto its 'limit' dt =gt Y0, but that
kind of minimization does have a strange effect on the shown graphs, originally based
ongi=1.In Fig. 100that is minimizedogpt =0 . 1.
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Fig. 100The graphs ofFig. 94,V 98and99drawnwi t h ot =0. 1

The effect of taking a small@&t than 1(0.1)is not only a 10 times multiplication of
numbers, but also a more regular pattern. Further minimization would result in
infinitely manynumbers, theoretally approaching only one repeated cycle
somewhere outside the boundaries-igf. 97.

'Eulers method clarifies what happened.

aEuIer(1768)lnstitutionem calculi integralis(Petrolopi)impersisidemiae Imperialis Scientiarum, Book 1, part 1, section 2, chapter VII, page 424 in
the edition Engel Schlesinger(1913)
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Fig. 101 Euler approximation of a parabolatpx =0 . 5
px =0. 05
Eulers approximation neglects tlhéanges of direction in between two points
separated bpx, wherethe calculus solutiosumsall changes dx at any x.
He takes the slope of the first point as if itlwbt change until the second point.
The direction field ofig. 101 shows clearly that it also changes in between.

In this case y in the ODE ocan be solved also algebraicadlye; —

Fig. 101 shows how you can approachstfinal solution by minimizingDx.

If dx or dycannot be concerned as infinitely small, but restricted to a quantum such as
preys, predators or the smalle@wdivisible discrete amount of matteenergy or

movement in quantum physicsethdifferential calculus fails.

In that casgethe ideal result ok differential equation may differ very little from the
real change, but evemmeasurallflittle differencescan be enlarged to measurable
differencedn iterative processgg 28p150).

These exercises show that calculus can be used for variablesowiithuousvalues.

It is particularly useful if these do not result inasght, but in curved lines.

This implies the important possibility to calculate surfaces between curved borders.
On pagel9ll will explain this part of calculus the context of thermodynamics.
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8 27 PROBABILITY REDUCES DIFFERENCES INTO DEVIATIONS

BINOMIAL CHANCE DETERMINES HOW OFTEN YOU CAN EXPECT A YES OR NO

With the throw of a coin, cross or coin: both have the same (binomiahance
(‘probability) p =+ (50%). After throwing twice (k=) there are 4 possibilities €4):
Ak, A1, 1 A OF 1 With each %4 (25%) chance ffter three times (k=3) yo havemade
one of N=8 combinationgax, aa: ,a: 4,2 A&, A1 ,1 4,11 A OF: 22, With four throws
(k=4) there arei=16=2 possbilities. In short n=2¢ possibilities for k throws.

Throwing 4times (or 4 coins at the same tinygu rarely throwsiaa or: : : : and most
oftenx: : (in differentsequenes. There is onlyl possibility to throwsaaaa, 4 to

throw asi: , 6 to throwsa: : .and so or{Fig. 102). In short, thefrequencyf={1, 4, 6, 4,

13. Their'probability p isf divided by the number dll possbilities N: p = /N = {1/16,
4116, 6/16, 4/16 and 1/16}T he biggest probabilitp (to throwaa: : ) isp=fIN=6/16=38%

With more throws or coins, the writing out of all combinations N and sorting on
frequencies f becomes laborious.

k=4 1 k1 f, 191 af=N =
B 2 f, 19291 2 4
3 f 1939391 2% 8
%%% 4 fj 1 4 6 4 1 2t 16
5 fs 1 5 10+10 5 1 2 32
BRI EB 6 fs 1 6 15 20 15 6 1 2° 64
WRBEXR 7 f, 1 7 21 3 3 21 7 1 27128
1,1 1,4‘ rﬁ f Ll 8 fg 1 8 28 5 70 5 28 8 1 28 256 . 0 R T e e
Fig. 10 Fig. 103 Triangle of Pascal Fig. 104The Fig. 105é roughly a
frequencies frequen clock shape

Pascalnventeda triangle of numbers to predict the frequencies of each subsequent
throw k, by adding two higher numbers each tiffg.(103 for exampleio + 10 = 2).

The sum of each row= af.= 2. In row & (k = 8 throws)there arealreadyn =2¢= 256
possibilities in 9 frequencies.

Fig. 104 shows all frequencies in a bar grapig. 105also suggests intermediate
values, but thébinomial distributiohitself is'discretg not'continuou$

W Q (0. h
% T~ A T~ T~ A i3
Q QATQ QA i
s inh- i
= TIELE
1001 ! i o "
= l1over4d 2overd 3overd o e
1 _1 commmesions 2:3:2:1 4.3.2.]1 4.3.2.1 gl e
) ! e 1. 3:2:1 2.1 21 321 1 T’ 6! 1.'5! 2c!> T!s 67;5 61!
Fig. 10 Fig. 10724 = 16384 Fig. 108 Binomium of Newton: Fig. 109
Galton- combinations kx over k combinations 26 combinations

board: divided over 15 columns

Galton came up with platewith rows of nails that resembles the Pascal triarfglg (
106). Bullets that fall in the middle of the top nail can go in two directions. They fall

ahttps://yourstory.com/2016/08/02373®2powerof-thoughtstruth-or-bullshit/
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in the next row on a nail where thalsocan go two ways and so @minomial).
After k= 14rows, a bulkkt has covered one of the 2= 16384p0ossble pathsit is then
captured in one of the-1=1sfrequency columns (including columnQ#, . ... f.).

There is only one path to end up in one of the two outer ones. The probability end
up there is bf 16384 (0.006%). The otheossibilitiesare calculated ikig. 107.
Newton cameup with the formula, his ‘binomiunfig. 108. The symbol!" is called
‘faculty: or and1! are bothi, but2i=2.1, 31=3.2.1, 4=43.2.1, and so on.

The probability of ending up ithe middle column ¢) is thusthe frequency out of 14

(= 3432)from a total 0fN=16384(21%).

An urbansitein Y form with 6 lots(Fig. 109), of whicho, 1, 2, 3, 4, 5 or €an be built, has

in that order = {1, 6, 15, 20, 15, 6 or 1{total N = 64) building possibilities.

There are surprisingly margthercases where a combination must be chosen from an
unbeatable number pbssibilities tombinatoricy.

Compiling a team from a football club wita membershasi1 out of 25 = 4457400
possibilities(‘'combinatoral explosiory. The coach therefore has a considerable choice
problem. If he lefit to chancethe possible outcomegould amounequalto

throwing 11 dice with2s sides each. There is still a chance that some dice will point the
same membeiThenhe has to throw them more often.

A NORMAL DISTRIBUTION DETERMINES ANYTHING IN BETWEEN

If the number of possible outcomissnotthe 2 of a coin orthe6 of a dice, butan
infinite number, such as the lengths of 17mlIn people, then you need a continuous
probability distribution foall real numbers.

Such a distribution has an infinite number of possible outcomes N for every k
observations x and their chancesSpch anormal distributiohmust condense around
an averagembut dilute infinitely to the rare cases.

30%

f  u=x-pn (x-p)? f(x-1)* Gauss /N
a9 a9 32 0%
36 504 20,4 0%
25 2275 98,2 1%
16 5824 3553 2%
9 9009 9659 6% o,
8008 1973,0 12% ZO/Q
3003  3028,7 18%

o
n
CONOUVNDWNRD
ONOUAWNKOX
B
Q
o
B

w
»
w
®
NOUBDWNROLLWANGN
AHOKSH
Chance p

0 34938 21% p
3003 3003 3028,7 18% G
o 10 9 2002 8008 1973,0 12% 0.87
11 10 1001 ° 2009 965,9 6% o
10%
12 11 364 16 5824 355,3 2%
13 12 91 25 2275 98,2 1%
LE 14 13 14 36 504 20,4 0%
110 Gaussar 15 14 1 49 49 3,2 0%
N= 16384 X(x-u)’= 280 57344 =Xf(x-p)?
___ 16384 =N 0%
variance 3,5 =Zf(x-w)?/N -7 6 5 -4 3 -2 -1 0 1 2 3 4 5 6 7
,,,,,,,,,,,,,, p=7 o= 1,870829 =Zf(x-n)*/N Deviation x-1
Fig. 110Calculation ofs from the Fig. 111, éi t s n o-distnlution G &

frequerciesof Fig. 107andé

Gausscame up with a formutahat ‘continuously' fills the gaps between the whole
numbergred inFig. 105 Fig. 107andFig. 111).

1 fugit?
1 ’(TJ

aThat formulac+{2x gives the chance of outcomelr.Excel: NORMDIST(x;e;0;FALSE). With TRUE the cumulative versida calculated
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Newton's 'discrete’ numberskats throws or coinsKig. 105 differ little from a
normal distribution, good far=-=.

The average of all deviationsmdetermines how ‘flat' Gauss' formukad. 111) is,

but if the sum of and + deviations is zero, then you cannot calculate that average.

Squaring makes everything positive. The square sum of all deviatlonss
therefore a positive measure for the total of all deviatioms ®hat is on average
sx-m#N (‘variancd. N meansall cases, writé' if it is only a sample of cases.

If you measuréhelengths of people in cm, then you get that variance ih cm
That is a surface, and the deviation is not a surface, but a |gigthquareroot &sx-
m?#N) is then again in cnmlThat root of the variance is tfetandard deviatidrs.

The standard deviatiadin h a s pexial oharacgeristicdt is the distance from the
average tdhe'inflection point where the grapbhecomes from convex into hollow.
Within the aredbounded by boths and s on both sides, you will finds.2%of the
results.At 1,96 this is alreadysw The rest is calleebs ‘exceedance charice

For Gauss (notapl45) you only need to knownands in order to predict the
probability of occurrence of each outcorifeyou do not know all the outcomes x, but
their frequencies f in the neighbourhood of eactheir 'class), take k instead of x
and put another f in the formulesgstk-myzn).

If you do know all N results x, then k is x aadyf=1, soyou can leave out that f.

With the results of a samptd n from a much larger mass N you can already estimate
mands quite nicely. You then write m, s, z insteadk, x. Gauss (m, s) predicts all
outcomes within sétonfidence limits Comparing your outcomes with that

prediction, you can find deviations that require further explanation.

SAMPLES ALLOW CORRELATING 2 DATA SERIES BY PROBABILITY TESTS
You now can also compateo different series of outcomesandB.

For exampleFig. 112shows two data sets.

Fig. 113shows the differences, atidsts some relations betweehandB.

=

A B (¢} D E F G H 1 J K L M N
AB COUNTA(B2:B11) 1 10 n number of cases
52 MODE.SNGL(B2:B11) 6 6 mode most common result
3 MEDIAN(B2:B11) € 6 median middle result
64 AVERAGE(B2:811) 6 6 p=m Iz/n average
AVEDEV(B2:B11) 0,40 2,00 a T(z-m)/n average deviation
VARP(B2:B11) .

@
@ DataB :
b

0

9

2 Chance of A =
7 ® R0
6

S

4

) o e o i R 60%
2 Si(zi-mP/in  variance
VZi (z-m)*/n  sample standard deviation

® N oo s ON =
w

\ 6 STDEV.P(82:B11) 0 VEi (x-m)’ /N standard deviation n = N mass
20% :

s I pi— e 9 68 CHISQ.TEST(B2:C11;expected) 94,5 %' AandB still run a 5.5% chance of being dependent

Chance of B ;/” 10 79 CORREL(B2:B11;C2:C11) 90,4 r they have a 90% chance of correlation

0% 1 10 TTEST(B2:B11,C2:C11;2;3) 100, t the average is also the same for measurement errors

12 FTEST(B2:B11;,C2:C11) )4’ F insofar as independent, the variances differ considerably

1 2 3 4 5 6 T 8 9 10
Case nr.

Fig. 112Two series oflataA and B, Fig. 113Comparative values and tests Excel
and their normal chances

The'c2-test (‘chi-square te§tshows that\ andB still have a.5%chance of actually
being one normal distributiome'dependent The rtestshowseow correlation.

The ttestshowsioo% chance of an equal average, but thestsignals 0.04%quality
in variance and therefore in standard deviatioou mayhaveseen all thatalreadyin
Fig. 112, but these testsonvince withmany moredata
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FEW FROM COUNTLESS CASES STILL HAVE A CHANCE TO OCCUR

A year count®6524-6060 = 31 536 ooseconds. If you stay awakiaenyou will see about
16 frames per second@lhese are therefore= 504 576 oombservations.

If you see a lightningi(to 0.0001 secOn average times a year in/i6 of a second, then
you would calculate a negligible avgeaprobability ok out of more thamoo million:
practically zero. The complementary chance of no lightning strigeaigtically100%

This is a binomial case (cross or copes or nd of whether or noyou seea lightning,
but the deviations, varian@ standard deviation, auselessHow couldyou know
how much chance you run in an entire yeasdenoneor 10 lightning strikes?
Such a probability problem with innumerable observations N in time occurs in
insurances, waiting timeand the like.

Poissorcame up with a formutdor a givenm(eg 4) with a standard deviatieatm
(eg 2) for each period (eg a yea@p, you only need to known but with Poisson that
is calledl . That formula gives the chance of k occaoes Fig. 114).

With an average of lightning strikes per yeard» chance) you havstill 10 chance
that it will bes + 2 = g but on the other handy chance ot-2 =2 Thatskewdivision
‘collides with the zero limitA lightning strike can occud times,but not-1 times.

100 frgy T
% % || \\ o data
— /\ ) ——a (e EXPOO)
T g7 !q +—Polynome
% g 8 / ®60 % 113,79'EXP(-0,019%) 7
g X
s ] in 5 L4 g |
S i B e ‘
T13-114 Posson2 s Q, 2 >
@ 3 —
32 r
% N <10 ; o
HE Dutrh \*. 0 1 e——
Ecumeabim. R & * 01234567 8910111213141516171819 ° s 10 % 2 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
k (times occurring) k (times occurring) misec N :

per household (x € 1000)

Fig. 114Poissonat  Fig. 115Poissonat  Fig. 116 WeibulP Fig. 117 An income
/=35,5 /=4 distribution®

If | is far enough fron®, then the distribution seems to be quite similar to Gauss.
However, if the averagleis close td (eg4, Fig. 115, thenthe Poisson distribution
becomes skewed.

NON-NORMAL DISTRIBUTIONS SUPPOSE DEVIATING DEVIATIONS

There are other skewed probability distributions that start at O, such as the continuous
'‘Weibull distribution. For example, it is used for wingklocities(Fig. 116).

The wind alsacannotblow less than with a speé€d

The distributionof incomes(Fig. 117) is also distorted, butlaureau for statistics

often provideglata pefclass(from .. to).In Fig. 117the frequency classes the
higher incomesarehorizontal linesThe lower incomes are given in smaller classes.
Aroundis,000is a dentthat would disappean one large class aib to 40,000

The clasamiddle would then reasonably be on'exponentidldownward trend.

Sk
-h N

ol
aThe formula K is calculated in Excekith POISSON(ka:FALSE). With TRUE the cumulative versida calculated
b0 OBRdEZEz0 zQ

¢ pu(x,a,f)= a+bx+ci+dxé+ext+ix5 and p(x,a,b,c)= a(xc)e*9
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Exponential functionare usually written as powers of the numbérig 86 p138). In
Excel you write €as'EXP (x). If you click on an exponenti&tend line in Excel for

the data ofig. 117, it draws the continuously falling curues.79 « gowxa

This 'regression lingherefore deviates considerably from the more detailed data with
a badcorrelation.

In the formulaae™, a and b (thgparameteryin Fig. 117 getthe values - 11379and

b =-0.019.You should set these parameters differently each year if the data change.
That formula does ngiredictanything yet, but ithay beusefulin orderto estimate
intermediate valuesititerpolaté).

If, after a number of years, you find a trend in the course of the parameters yourself,
you can perhaps risk a predictioextrapolatd.

With a formulaa(x-c)e”>9 you approach the data after x=40 much better, but before
x=40 it is totally wrong (irFig. 117that part is omitted).

There (3¢40), a'polynomial function fits much betterpx) = 2,32-81x + 67%+ 0,37%.0,021%-0,0004%,
but that on its turn does not work after x=40@e two functions connected at x=40
together describe the data very nice, but if you do not find trendsahthkir
parametersthen you still do not have a prediction.

REGRESSION REDUCES DEVIATIONS

In Fig. 117a trend linan a point cloud is drawas a global relationship between
income and the chance of Tthe method of finding a mathematical relation betwe
single data is calledegressioh

Suppose a shopkeepw®ates the average price of his products and his turnover for a
few months to find out whether a pricsduction is worthwhileKig. 118) <.
The simplest is, of course, if that relationship shows a straight line y=ax+b.

month price advertising turnover

y =-5,6364x + 40,273
1 4 10 18 sl
26 y=0 +14,1
2 3,75 10 20 i R = 0,6541.- @
_u 2 1 g
3 325 12 24 % 22 ®.e
20 "
3 £
- 4 375 8 17 5y AW+
4 ®
Wrem 5 12 22 18
14
e 6 3,5 14 21 12
7 2,75 20 25 9 )
[¢] 5 10 15 20
8 18 23 Price, advertising

Fig. 118Pricing, advertising and sales of a shopkeeper

Excel now gives a trend formula that promiseoabling ofturnover if he halves the
price. That cannot be true, because if yee $he price line ifrig. 118goes to zero
(extrapolate to the top left) he would get a huge turnover according to that formula, if
he gives awagverything for free.

aThis formula is printed with thieorrelation curve (eg R= 81%) if you have checked these optiam&xcel
b Mathematicians do not like this kind of mess.
¢ The figures from this list come froBuijs(2003)Statistieck om mee te werken(Groningen)Stenfert Knog8¢4
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That straight (linear') line is only reasonable (reliabilif=R79%} for those 8
observations, so you can interpolate it, but extrapolating may lead to absurdities.

An advertisingexpert,to whom the retailer has spent a lot of money each month
(column'advertisingin Fig. 118), makes Excel claiming that sales will increase from
20to 25 if you double advertising spending from 10 to 20.

The shopkeeper feels that somethmgrong Who guarantees that the increase in
turnover is not caused by a simultaneous price reduction?

The'pairwiseé relationship between price and advertising penth is missing.

If there aranorevariables in the gaméehen $atisticians switch témultivariate
analysis

There are many kinds gfiultivariate analysi$ Let us takémultiple regression
analysis Excel has an aduoh for data analysis that provides a formula for this case
for exampleurover =4.33price+0.17advertising+33.63It Shows that a price reduction weigh
much heavier-@.33)than advertising costs (0.1f0r the turnover of this retailer.

Perhaps there graoweverother variables (purchasing costs, competition, seasonal
influences, fashion) that pull turnover up or down.

Moreover, the question remains whether those regreisgs are straightforward.
Perhaps you can approach some better parabolic, exponential or with a polynomial.
In any case, a wrong choice of two variablasch agurnover and advertising) or the
omission of otheycan lead tdalseconclusions.

More than 3coherent variables are difficult gyasp but we have to deal with them on
a daily basisTheycannotbe represented in one graphany people howevercan

still make the right decisiowithout calculationsin a situation in which they have
take into account many circumstances at the same lowe do our brains deal with
the many data from different senses and memories, weighing them properly?

The increasing understanding of our neural system led computer experts simulate the
functioning of rerve cells (neurons) inraathematicahetwork cee§ 29p163).

In this century, after a period of trial and erréhas produced remarkably useful
results.lt is aniterative processn which the weighting ovariables bydifferent
parameterss repeatedlybeing adjustediéarning).

Let us first demonstrate thanhsall change®f initial values and parametersay have
great effecby iteration

ahttps://en.wikipedia.org/wiki/Coefficient_of_determination

b Slotboom(2001)Statistiek in woorden(Groningen)Wolters Noordtadfé at'multivariate analysighe following methods: multiple regression
analysis, principal component analysis, factor analysis, canonical correlation analysis, path anafrgisnzdysis, multivariate analysis of
variance MANOVA, nonlinear multivariate analysis, covariance analysis, discriminant analysis, linear combinations, meffactso GLM
General Linear Model , cluster analysis and multidimensional scale technique
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8 28 ITERATION MAY PRODUCE FRACTAL DIVERSITY

| TERATION HAPPENS EVERYWHERE

If you change a number with a formula and then chaimgeesultwith the same
formula, then such deedbackon eachprevious result is callederatiori.

The simplest example unting Its formula isy =x + 1 The previous number is x and
y is the result that will serve as x again to get the néxitlge next operation.

In order to be able to keep track of the number of iterations, however, you can better
write: x..=x.+1.2 If x, IS the previous numbdegx.=0), thenx,..is the next onéx,..=1).
The'initial valuéx, becomes one unit largeFhe number of iterations passednis

If x,=0, then(atn=10) x., is alsoio. So, he resulof countingis equal to the number of
operationsn’ (if you keep at least 1 as a yrand you starat n=0).

The numbex growsstepwiseby repeatecdding(Fig. 119.

0 €200,00 €200,00
9 €190,00 IHIJJJJ €150,00
8 €180,00 €180,00 /
7 €170,00 €170,00
r !
6 €160,00 - €160,00
Xq 5 £150,00 f £150,00 /
4 €140,00 r;;r‘f €140,00
3 €120,00 rr,.r'rf €130,00
2 €120,00 Jr;,-rrr €120,00
: ] €110,00 f €110,00
0(6 1 2 3 4 5 6 7 8 9 10 b (ﬁ' 10 20 30 40 S0 60 7O SO Ao 200 50 40
operationn years years
Fig. 119Counting Fig. 120Xn+1 = Xn = 1,01 Fig. 121 y=1001,01"

If you do not add, but multigl thenyou getinterest on interest

I f you p)atl%pedyeapthef after 1 yearou getxi=x,-1. 01=0,101. 00
after 2 years,=x,.1.01=102.01and after 70 years= a 2 0 0Thasis a doubling in 70 years.
More generally, for every year n is the formuazx.-1,01 (Fig. 120).

At a positive interesthiere is more every year. However, that operation does not grow
in a jerky manner, but graduallgxponentially You can also write the result after

yeas as afluid’' formula with an exponent g:1001,0r (Fig. 121).

After n=70 years1.017°= 2,0067633683953861.01, 70 timesmultiplied with itself).
The'argumeniti.o1 must be greater than otherwise your capital wifiall.

This doubling time of 70 years applies to 1% intera&e(the decimal point in 1.01)
for eachcapital. In théfluid' formula you can make n in smalisteps(even dn,
indivisibly small),so that the graph does not rise up jerkily like a staircase per year.
For examplewith little stepsyou can also choose1/3ss or n=2/365 S0 your capital will
becometoo1.02/after one dayioo1.02*=after two daysand so on.

Infinitely iterated addingr multiplying (n=1- =) results in infinitely large numbsgr
'Infinitely largée by multiplication howevermustbelarger than that by addition.

aA computer program also understafds+1' (x becomes x+1).
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See
Fig
119

Such differences in infinitgannotbe made visible in any graph. You only know that
they have to be different because the one formula grows faster than the other.
First lesson: there are different infinities!

What happes, if you do not take adtcbn or multiplying iterations, but subtracting
and dividing? In the first casEountdown (x, . =x.-1), the limit is an infinitéy negative
number. In the second case, however, the repeated applicatiomef.o1on itsown
result is actually multiplying by / 1. o0 14Bhat is @ number between zero and one.
By iteration, the resulegx...=x0,99 will drop to almostzero,(Fig. 122

This formula slows down if you multiply an ever smaklgby o0.99 You never come to
zero, however often you repeat the operation, butithié' (supposing to repeat
infinitely) is simply zero. Zero seems ‘ftract the result. It is théttractor of this
iteration, but not yet &trange attractothat suddenlyappears anywhere in the
coordinate system, as in chaw®l fractalsThen it becomes really interesting.

Endlessly squaring a random number greater than 1, as you could do on an old
fashioned scientific calculator by presgixf each time, showsvenfaster growth than
multiplying each time with the same 1+interest.

Repeating squards...=x.2) with x between zero and one<<1), x falls until close to
zero(Fig. 123). Fig. 123starts ak.=0.6, butwith x,=-0.6 the graph looks almost the
same, because the first steysy is alsoo.e.

If you start with x = 0.99, then in the beginningdbesnot go thatfast it becomes
something likew (Fig. 124). With xo=1 it becomes a straight line) (It remains 100,
because the squareaieis oneagain.

Second lesson: a small difference in ihdial valu€ x, can have major conseguoces
through iteration®

100 1,0 1,00

90— 0.9 0.9
80 \ 0.8 . . . ! 0.8
70 \ 07 07
60 06 C 06

\

- 50 B - | i e 05 e 05
4 X 04 X 04 ‘
30 03 0,3
20 0,2 0,2 ‘

10 0,1 \\A 0,1
0,0 0,0

0 A

2

[ 2

0 10 20 30 40 50 60 70 80 90 100 0123;;678910 0123456%8910
Fig. 122Xn+1 = Xn *0,99; X=100 Fig. 123Xn+1 = Xn?; X0=0,6  Fig. 124 Xn+1 = X%, X0=0,99

REPETITION CAN PRODUCE DIVERSITY
If you subtract the same constant from the square- &2-constan}, thenunexpected
things can happeffrig. 125 t/m Fig. 127). If you choose the constant=0, then

aThis conclusion is not alwayalid, but that restrictioteads into the specializedathematicafield of transfinite numberbwill not further explore
b The result of the iteration.x 1=x.2 is actually somathing else than the functios¥?, because that results in a parabola.
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See
Fig
119

repeating X beginning withxo=0.6, andwithout subtracting anything, approaches 0
rather directly(Fig.122), but what ifthe constant>0?

In response to Malthus (1798)om the UK Verhulst(1844%from Belgium tried that

for the first time, to get a more realistic picture when population growth comes at the
limits of the carrying capacitgf the land. He created th#ogistic formula (») of Fig.

124, instead of the usual exponential formula'ifisterest on interesgrowth. Fig. 125
resembles-ig. 124, butin Fig. 125 | chose an even smaller difference witfofl xo

(0,9999, so thait stays longenear 1 He added a minus sign kog. 124 andFig. 125,
making it increasings}, but | leave that minus sign for a while.

Until constant=0.2 it remainsbut inFig. 126 (constant=1) xluctuatesbetween two
values. Beyond 1.2, that becomes first 4, then 8 different values, and so on, but after
1.3 it become&haos(in Fig. 127the constant is 2). For this graph you can no longer
think of a smooth function, you can only iterate and see what comes out.

.
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Fig. 125 x:2- 0; Xo=0,9999  Fig. 126 x> 1: X0=0,9999 Fig. 127 xn? 2: x¢=0,9999

The smallest change of the initial valugcan again yield a totally different graph.
It may even be that on your computer something else appears than omitiniather
rounding offs Formulaswith a square are n8inear. Squaring chages any negative

predecessor into a positive number, but subtracamnneake ialsonegative again.
That is why these graphs are not smooth curves. The curves are Hrakéad,

Comparing neighboring values differentiatingand integratingloes not make sense.
Thejumping curves 'not integrablg rather frustrating for classical mathematicians

I limit myself to iterations with xbetween zero and one, because then squaring can
produce perceptible chaos instead of all kinds of imperceptible infinities.

What happens if you multiply the result of squaring with a constant fadtot"much
shocking. At low initial values it seems that every next step strengthernstiape

with the same factor, but it remains form. At an initial value=1/factor it is a straight
line, but at higher initial values the result soon disappears into infinity.

Infinities cannotbe visualized and compared. There is therefore little to experience.

If (with that factor) yousubtractfrom a previous resultits (each timesmaller)
squared ¥ (xn+1=factorx,i factorx,?), then their difference becomes even smaller,

aMalthus(1807)An Essay on the Principle of Population, or a View of Its Past and Present Effects on Human HappinessnhgitinyAnt& Our
Prospects Respentj the Future Removal or Mitigation of the Evils Which It Occasions(London)Johnson

b Verhulst(1845)Recherches mathématiques sur lddocdissement de la population(Nouveaux Mémoire$Adadiémie Royale des Sciences et
BellesLettres deBruxelles)18 142; Verhulst(1847)Deuxiéme mémoire sur la I@atroissemat de la population(Mémoires d&tadémie Royale
des Sciences, des Lettres et des Beants de Belgique)2071132.

¢ Peitgen(1986)The beauty of fractals(Berlin)Springteward(1989)Does God Play Dice? The Mathematics of chaos(London)Penguin Books
Tennekes(1990)De vlinder van Lorenz(Bloemendaal)Argr@thick(1987)Chaos:making a new science(New York)Viking
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but somethinginexpecteatan happen. The difference between consecutive values of
x can then hardly be distinguished. If you both magnify each time with an equal
factor, then you can semexpectedhings agairn(Fig. 128- Fig. 130).

=1 LU L A S LA
i) IR

0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15

Xo=0,001
Fig. 128Xn+1=2*Xnl 2+Xn? Fig. 129Xn+1=3+Xnl 3+Xn? Fig. 130 Xn+1=4Xnl 4+Xn?

If you choose factor=0, the result will of coulso remain 0. If you choose factor=1,
then little happento, because you can just omit such a factor. A graph arises that
runs from each initial valueyxvith ever smaller differences towards zero.

The differences towards zero are then not perceptible.

The factor must therefore be greater than 1 in order to be able to enlarge the result at
every step. Every larger factor counts considerably, because it does not enlarge (or
shrink) »-x»Z once, but with each step again.

The enlargements themselves therdime larger and larger.

In the figuregFig. 128- Fig. 130 the influence of factors 2, 3 and 4 is shown. The
result is now very sensitive to the initial valug Ix these figures | usex = 0.001.
Thatcauses greatdifference with ¥ = 0.000, beause then every, stays zero.

With such a small initial value, the formula needs a few steps to get started.
The minus sign ensurgsowth

With afactor 2 you get an orderly rising logistig Curve Eig. 128). It is also known
thatpopulations start to fluctuate when they reach their local limit to growth.

The weakest plants, animaladtheir predatorer people die en masse, so that the
strongesget room again, but their offspring in turn runs against the limits. It seems
that this formula is made for that, because that happens with a fackeg=3%9).

In populations that reproduce quickly like insects, you get a chaotic up and down
jump, and that is simulated atactor=4. With this formula you could simulate each
population by looking for the right factor. But ..., there is anotiaése in the game,
and that is never exactly enough to measure in the harsh reality: the initial yalue x
This has the following effect on factors 2, 3 or 4.

If you choosea factor=2, the result stabilizes after a number of steps atfigp (

128). Those first steps can smoothly go up to 0.5theyalso do not jump up and

down fluently. That depends on thgyou choose.
At initial values smaller than 0.1 it becomes a kindagjistic curvé(») that is
known by population growth: first slowly, almost horizontally growing, then
quickly (almost exponentially) and finally slowing down to 0.5 if the population
limits of their sources of existence approa¢hen, it remains 0.5Kig. 128).
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Fig
119

If you start at ¥=0.5 (1/2), it becomes a horizontal straight line: it remains 0.5.

If you choose xgreater than 0.5, it first jumps up and down before it remains at
0.5 in each subsequestep.

If you choosea factor=3, after a few steps,yumps up and down between two almost
equal valuesKig. 129), but that starts already with fact2.8.
At small x initial values, it can still start flowing smoothly at the beginning, but
sooner or later the jumping starisd. 129. This alschappens in populations
that have reached the limits of their sources of existence.

If you choose the initial value;x0.333 .. (1/3), it becomes a straight line again.
This always happens when the factor is a multiple,obut beyond those few
initial values ¥ jumps down and up.

If you choosea factor = 4, then you have chaos agakig. 130).

If you also make the smallest change toittigal value %, then completely different
values follow after sufficient steps. The graph jumps seemingly unpredictably
between all sorts of values, sometimes flowing a little, but usually discontinuously.

The result is deterministic and predictableyati know the initial value exactly (with

an infinite number of digits), but for practical applications they can never be
determined exactly enough. For the first steps the chaos starts at factor=3.5, but the
chaos becomes endless from 3.57. This confusedhathematicians. You repeat the
same operation, and yet the result is no longer tied to a rope.

CHAOS SHOWS SOME ORDER
In 1980 Feigenbautbrought some order in the chaos.

The number of different values after 23-30 iterations in
Iterations 0-30 large steps doubles as well as all values after 1000

19 iterations in small steps
09 ;. :
g4t It ¢ 1 ¢ 1 t 1 ‘t @ ,’ ¢ ! 09 .
o A A A A AR AA AR R 08 R
SAVAVA!AWAVIIWAVAIIAVAW/\VAWAVAWAY, 07 s Bl
LEIA RIAAAAAVVATR A 05 Y
oA B 3 B D R IR 05 .

03 gi = :4;
02 oo ¥
o1 - Q
0 4

0 5 10 15 20 25 30 o A = 2

iterations n ‘ factor .
il Nmax=30 j J j 3,50
y=x/30
)Y y=factor(x-x2 )
‘ The point x/30=factor(x-x2) is the strange attractor for
\ 5
/ A Xn+1=factor(X,-x,°);

Yo Xeoi / its values seem to be spiraling away from the strange attractor.

Fig. 131 Dou‘biing (bifurcation) of the number of chaotic values x in a fig tree

aFeigenbaum(1978)Quantitative Universality for a Class of-Nioear Transformations(J Stat Phys)19 28
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Smalé had already noted that the number of different valu@s the vicinity of

factor = 3.57 doubles after a number of steps and with ever smaller intervals
(‘bifurcatior), as in a tree whose twigs divide always into two p&ig. (131). After

an operation called 'renormalizatipeach preceding branch with the same shape is
4.669 201 609 times larger.

That'Feigenbaum numbiesccurs in many iterations. This is, for example, good to
know when there are population fluctuations, or when the energy of a flow at an edge
is transferred to ever smaller wavé&arpulencd, such as in pipelines and at wind on

the arthis surface. That tree representation of-salformity at scale levels that are a
factor of 4.669 ... separated waspropriatelycalled'fig tre€ honouring Feigenbaum.

TWO VARIABLES PRODUCE A JULIA SET

Already in 1918 Jultafrom France came up with the brilliant idea to depict two
interdependent iterative formulas in a plane as x and y coordinates,>-yn2+p and
y+1=2Xn+Ynt+q (Fig. 132- Fig. 140). That is where beautiful figureSréctals) can
emerge if you choose the correct initial valugamxd y. To determine this, however,
you have to dive deep into mathematics, so that | leave it to the experts. There are
simulators on the web that do that forcus.

The resulting figures already tell sauoh that they themselves bring a certain order in
the chaos of an infinite number of possible Julia figures. I limit myself here to the
influence of the addition parameters p and g on the resulting figures. If p and q are
both zero, then you get a cleaitiefl circle, a disk with all points connected to each
other. For the time being, Iefjust keep g zero and only vary p.

If you choose p = 0.2, then that circle distort§ig. 132

Fig. 132 Julia p=0,2; g=0 Fig. 133 Julia p=0,3; g=0 Fig. 134 Julia p=0,4; g=0

At p=0.3 the parts at are separated from each other and there are all kinds of spiral
details visible that repeat themselves to the smallest details when you enlarge the
figure (the iteration steps decrease). At p=0.4 everything seems to have come loose.
Now the negative vaks of p. So you can stick it before the previous series.

| takeonly a somewhat larger distance between the examples, namely 0.5.

aSmale(1974)Sufficient conditions for an optimum((Proc Sympos Appl Topology and Dynamical Systems, Univ Warwick, Coven29p 28
b Julia(1918)Mémoire sultiteration des fonctions rationelles(Journal de Math. Pure et Appl)8 (1918415317
¢ For the next figures | udgtp://fragtive.mimec.org/downloads
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/ M ATHEMATICS SUPPOSES REPETITION

Fig. 135 Julia p=-1,5; g=0 Fig. 136 Julia p=-1; =0  Fig. 137 Julia p=-0,5; q=0

| leave the interpretation of these differences between positive and negative values of
p to the readet.will now vary q with a constant value g375.
There are nice pictures.

Fig. 138 Julia p=-0,75; Fig. 139 Julia p=-0,75; Fig. 140 Julia p=-0,75;
=0 g=0,1 09=0,2

Fig. 138(p=-0.75) is thus exactly betweéig. 136 (p=-1) andFig. 137 (p=-0.5).

If we now hold p the same (g3:75) and q varies between 0 and 0.2, q appears to
skew the symmetry axes, but at even higher values they also fall apart. The negative
values of g fall apart exactly as thesjtive ones. They also produce the same figures
with their negative values, but their symmetry is mirrored by the minus sign.

All these Julia figures have symmetry as a common characteristic. In the area of
falling apart, you also often see repetitiverals, if the simulator gives at least one
color at different degrees of connection. Black usually means that all pixels are
completely connected to each other.

THE MANDELBROT SET IS A CATALOGUE OF COHERENT JULIA -IMAGES

The number of figures you camoduce by varying Julsp and q is dizzying and
cannotbe summarized in flowing functions. You can only wait and see what comes
out of iteration. Julia has been forgotten by his fellow mathematicians for 60 years,
until Mandelbrot came up with the lumous idea to depict p and g in a graph on-an x
and yaxis, and to capture the boundaries of falling apart from each &ligerlél).

aMandelbrot(197 Wractals: Form, Chance and Dimension(New York)Freeman & Co
Mandelbrot(1982Jhe Fractal Geometry of Nature(New York)Freeman & Co
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Fig. 141p and g in the Fig. 142 Mandelbrot set Fig. 143 Mandelbrot set
Mandelbrot set for third powers for forth powers

That is wherdhe most interesting images appear. It became the famous Mandelbrot
set(Fig. 141) and Julia was back in the spotlight againfdstunately, Julia did not
experience that anymore, because he had died shortly before in 1978. This revolution
was a stimulus for research to chaotic formulas. Now there were not only formulas
with squares, but also with higher powers for which you condéle Mandelbrot sets

(Fig. 142and Fig. 143).

Several additions to the first formula brought in other variants on the original
Mandelbrot sefFig. 144t/m Fig. 146).

Fig. 144 Conjugate Fig. 145 Burning ship Fig. 146 Enlargement of the
Mandelbrot set Mandelbrot set extreme left part ofig. 145

Each point in these figures is a combination of p and g producing a different Julia
Image, but any detail of these infinleatalogsof coherent Julia images are also
fractals that you can endlessly enlarge by taking smaller steps.

This yields other (noviandelbrot) images such &gy. 146. In that you recognize the
entire image in unexpected places in a different context.
Still no one can explain hoar why that happens.

THREE VARIABLES PRODUCE A LORENZ SET

WeathermariLorenz understood already in 1963 that in order to simulate the
unpredictable weather as a kiafishifting Juliafigure, you need to know exactly at
leastthreeinitial values such agtmospheric pressurepfxtemperature y and
humidity differences @.

Any phase of weather can then be plotted in a tdneensional xy-z graph, the
'‘phase spacteAny next phase connects to previous one, but with the smallest

alLorenz(1963)Deterministic nonperiodic flow(J Atmospheric of the Sciences)224B0
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See
Fig
119

difference in initial valuesox yo and z after a few steps it develops completely
different.

He now devised three interdependent formulas in thyak yohase space, with
parameters s, r, b:

Xn+1=Xn-S* (Xn T Yn)

Yor1= Yn+ Xe(r7 2,1 Yn)

Zni1= Zn+ (XY T bezy)
The resulting curve is then thghase portraiof this'systemof equationsKig. 149).
If you make the steps small enough and then only look at the first 500 stepsin the x
plan€Fig. 147 - Fig. 148), then you already understand what else can happen.

If you keep rand b at zero and only s varies, you will see a spiral that seems to
revolve around the axis x = They now call this th&_orenz attractdr

is 15

10 10 ‘

5 =
",
M o
o gl e

Fig. 147xLorenz Fig. 148ALorenz Fig. 149Phase portret
s=30;r=0;b=0 s=30;r=3;b=0
The strange thing is, that wherever you start in the phase room outside this curve, you
will end up with another butterfly of which you can look up the parameters. At s=10 it
looks like a sloppypringwith more or less regular windings, but at s=30 it has
become a spring with ever wider turiisg. 147is the xy map).
Above the s=30, those windings only become wider and wider.

>0

If at s=30you start ingeasing the r from zero, then at r=1 almost nothing happens, but
at r = 2 awinding loosens to form an own spiral at r £i3.(149).

That second spiral revolves around another axis. Changing b then has little effect, the
image only distorts a little. Lorenz first examined the behavior of riRagleigh

numbel) at s=10 and b=3/8.

With many more steps you geéig. 1492 With the parameters s, r and b you can make
infinitely many phase portraits that have little to do with the real weather, but it can
help to understand why weather forecasting is so dlffic

These X, y and z are not the only dimensions that play a role in the weather forecast.
There are many more. The weather in the longer term can only be predicted if you
could precisely measure or determine all parameters and initial values withnate infi
number of digits after the decimal point. And that is not possible.

aHow that works is beautifully explained liritp://www.chaoamath.org/en/chaesii -strangeattractors
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At most, you can repeat the phase portrait repeatedly and calculate the probability of
ending up in a certain phase (for example a whirlwind). There is some regularity, but
whereon Earththat will probably arise, is not yet certain.

BENARD CELLS SHOW EMERGING ORDER IN CHAOS

Lorenz was inspired by a bowl of water that Béaard 908heatedslowly and very
evenly. If you heat up a square bowl of water, the temperature ofatiee will first
rise from hot below to cold upwardsdnductior). That is the first phase.

In the second phase the water sets in motammyectior) because hot water is

slightly lighter than cold water and theoeéd rises (especially in the middle).

That hot water flows off to the walls cooling off and thus creates a cycle that, if you
are lucky, makes the water run in two cylindd¥gy( 150).

Such cylinders can also be found on a much larger scale R@irl61).

However, that system is soon disturbed when further heating up.
The cylinders start to wave in the length and finally the water starts bubbling
chaotically.That is then the third phase.
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Fig. 150CyI|ndr|c convecton Fig. 151The atmosphere Fig. 152I3énard cells

When these phase transitions take plegendexactlyonthe temperature difference
between bottom and top, the height of the tray, the gravity, the expansion of the water
its viscosity and its willingness to mix.

These influences are nicely summarized in a formula that results in-tadlesth

Rayleigh numberAnd that was Lorerig parameter r!

If ris less than 1Kig. 147), then the water is not yet moving, there is only condactio

of the heat upwards. Between r=1 and 24.06 you may see two cylinders running.

In terms of Lorenz, a secorattractorcomes in Fig. 148). If r becomes greater than
24.74, then it becomes chad$e spirals of Lorenz do not run to a center, but go to
infinity, where somewhere a third strange attractor appears to have started operating.

Bénard, however, used a routndy, which, if yotre lucky, gives a pattern of round,
donutlike cells that fit in a hexagonal patteifadg. 152).

GLOBAL ORDER COMBINES LOCAL CHAOS IN AIR CIRCULATION
If you look at the dominant global airfloim general cooling air will drop down at the
poles and heated air will rise at the equator, so that a constant air circulation is create

aBénard(1900)Les tourbillons cellulaires dans une nappe liquide(Rev Gen Sci pures et apph127128113091328
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The air risnging the tropics, however, cools down earlier on the way to the poles and
descends to the subtropics, in ordefind its way to the north and south at the surface
of the earth (for us observaldswind). As a result, three toroidal air circulations
developon each of the two hemispherd@seyinterlock as gear@~ig. 151).

You also need an odd number of gears to turn clockwise again.

During that process, however, the entire atmosphere also moves with the earth from
west to east. Athe equator the eatthsurface moves with 1600 km/hour, but in the
temperate zone with 100®n/hour.

In a northern latitude the dominant wind towards the pole is deviated by its higher
speed from the equator to the east. The wind then comes from soullaedstits
eastward velocity impulse from the larger equator circle. South of the subtropics, on
the other hand, it comes from the northeast.

Sailors on their way to America have been sailing south for years to vi&itithe
winds (NE passatesand from America first to the north and from there back to
Europe to use the westerly winéig. 151). The oceanvater can also be pushed up by
these winds, so that a large ocean swirl (the Gulf Sirgaras the shipa boostunder
water.

L OCAL WHIRLS EMERGE IN A REGULAR FLOW BEHIN D OBSTACLES

Pressure
4+ high
- low

Fig. 153Whirls behind obstacles Fig. 154 Kérén ote street near Californfa

5

At the boundary of the atmosphere and the &astirface, all kinds of smaller whirls
are created ithe air behind mountains and buildings as courdtating smaller gears

(Fig. 153.
There, the accumulated air seeks a way out in a corkscrew maovepvesrds or

passes behind the obstacle in a series of vertical whirls (a von Karman vortex street
Fig. 154).

REALITY HAS MORE VARIABLES THAN A MODEL

In order to bring Bénatsl closed box closer to the open readityeast a few

parameters shoulok addedthe varied speed and the endlessly varying relief of the
earths surface, for example. We do not have to think about predicting with so many
small differences imitial valueswith great impact

ahttp://fuckyeahfluiddynamics.tumblr.com/post/1093448891#loe-karmanvortexstreetisnt-just-foundin
b Tennekes(1990)De vlinder van Lorenz(Bloemendaal)Aramith
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Wolfram (2002)had not yet given up hope.

In more than 1250 pagd®e explains little more than that we have to reverse the case
and compare all conceivable fractal and chaotic structures with what we find in
reality, until we have found something thabkslike it.

That may take a pretty long time for his internet association of picture viewers.

In fractals the ever recurring spirals are striking and we find them in many real
movements as well. That is obvious, if similar processes repeat themselves on an
increasingy smaller scale, but that is only formal similarity.

Natures repetition is not exact. As soon as semipermeable memlzlanelsp in the
evolution, the processes on both sides will differ.

If membranes selectively close a cell, then others apply.
If membranes develop within them, numerous new environments can arise with their
own laws.

The parameters for pressure, moisture content, temperature difference, size, the
expansion of material, its viscosity and the willingness to mix, eldtywhere
Especially that willingness to mix is hampered by membranes, and that throws a
poisonin the food of the chaos optimists.

SIMILARITY IS NOT YET ORGANIZATION
With life phenomena, there is rather a tendenayntmix by separation, to give
different processes their own optimal context.

Entropy(a physical probability term for disorder) is decreased on a small scale, paid
with increased disorder outside the closed space.

There are organs amaganisms with different functions and information exchargge (
28). An organizatiorarises, and that is totally differembfn (self) conformity.

Trees and their leaves may look similar, but each tree is different and each leaf on on:
tree is different. Propagation may be reminiscent ofw@formity, but you are
definitely different from youparents, even if you resemble them.

Every species is different and within each species each specimen is different.
Moreover, each copy also ends up in a different context, which also means that its
history and learning experience will be different.

Countedn millions of years, your ancestors are even a different species.
The formula for evolution is simple: procreate and die.
That propagation must yield variants. What survives evolves further, the rest dies out.

That formula does not work with uniformitigut only with variation.
Exact doning does not produce a new species.
It is a deaeend street as soon as predators die with their preys.

aWolfram(2002)A new kind of science(Champaign)Wolfram media
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Iteration sometimes produces astonishing-sigtiilar patterns that remind of natural
phenomena. It is, however, basadtheexactrepetition of moves and should not
surprise us. Repetition is common, but never exact in living nature, and repetition is
something else than selfganizationforming organs, organisms, organizations).

It is at most pattern formation. Selhiformity on differentevels ofscale such as
spirals and whirls are rare in living organisms.

In the society of different organispsudied in ecology, it sometimésokslike that.
There is a lot of repetition, bit is never the same.

Between the scale levels witmamialradius of 3000km to 30m, the human traffic
network has a hierarchy that is sometimes roughly coincidental with a factor of 3 of
selfsimilar hierarchy, but that is based on simple human opatior?.

Ecological phenomena must be studied separately at every level of scale.
Otherwise you may overlook the trap of a scale paraigx 6 p18): the potential
reversal of conclusions on a three times larger scale.

The patterns on 1m radius may seem equal to those on 10m radius, but different on
3m radis. In that case you must conclude substantially different phenomena
falsifying your generalisation.

aJong(2012)Diversifying environments through design(DelftsBdond thesip165
b Nes;Zijp(2000) Scale factor 3 for hierarchical road networks a natural phenomenon?(Delft) Trail Research School
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8§ 29 A NEURAL NETWORK CORRECTS ITS SUPPOSITIONS

AN ARTIFICIAL NEURAL NETWORK ~ SIMULATES THE BRAIN
An 'Artificial Neural Network (ANN) is a simple mathematical simulation of nerve
cells (neuron§ interconnected with conductoraXons) in a living organism.

Every human contains an estimated 100dmnlineurons, each with many incoming
and outgoing connections with other neng, senses, muscles or organs.

They can correct their connections by weight and, moreover, allow them to die or
arise (the latter does not yet function in the artificial simutgtio

In a neuron, the incoming signals are combjraed the neuron determines to what
extent this combination should be passed on as an outgoing signal to a next layer of
neurons \(veakenedr strengthened).

A large artificial neural network (ANN) can comal000 neurons, each with a limited
number of unchangeable incoming and outgoing connections.

The input is a set of patterns, the output is their categorization

The input (from observations) of the ANN is a table with numlvensnalized
between 0 and Isgalind). Each row of that table forms a pattern of values, for
example the sequence of number codes for the successive colors fasaridd
windows icon(16x16 = 256 pixels). So elagatterrrow contains a different icon.
Eachcolumnof the table represents a location bound pixel.

Such a pixel column is calléithput neurohThe aim is to recognize that pattern.

There are then 256put neurons (for each pixel in the same place in all icons).

They pass the color code in each column for eachimima smaller number (for
example, 100) ohidden neurorigthe'hidden layerof the ANN).

Each hidden neuromas receives 256 signals (numbers) of the 256 input neurons per
input line and combines them into an output signal to a next layer of neurons.

Each part of a pattern is taken more or less serious for recognition

However, the neurons of a hidden layer doattach the same value 'areight to

each incoming column signdlhese weights are initially random, but they are later
adjusted by an iterativeedbacKlearning process

Every hidden neuron has its own preliminary preferepaad resistances against the
incoming signalsEach neuron in th@idden layerweighs the (for example 256)
incoming signals (columns, color codes per located pixel, numbers between 0 and 1)
with their own list of provisional weights per column.

Theseweights are adjusted in a subsequent round of calculations.

How does such a hidden neuron combine all those (eg 256) signals into a single
outgoing signal (number) for the next layer of hidden neurons? It multiplies each
incoming signal with the correspand provisional weightlt adds up these products.
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That sum is edited with a formaldnat gives them a value between 0 antda(ind
or simply O or 1). The result is passed to the neurons of a subsequent layer.

Recognizederrors determine what has to be taken more serious and what less
The next layer can be a smaller number of hidden neurons that do the same with the
results of the praous layeruntil it reaches single neuron as the last layer.

This'output neurohthen also has its own list of provisional weights, with which the
output of the ANN is determined in the same @ayhe outcomes of the previous
layer for each rowpattern, eg windows icon)

What you can do with that end result then depends on the pattern that you want to be
recognized in the rows that were entered at the beginning. Assuming that you want th
ANN to recognize theharacteA in theentered patterns (the 16x16 pixel icons), you
have to give each row with the pattern tloaiks like an A the value 0 (1 fof).

This creates a column of ones and zertwesire, desired outcomes) in addition to the
list of input values of the ANN. Yosubtract that from the output values that ANN
found,in orderto find a list of deviations.

The positive square of each deviation is cakerbr. The sum of all those errors you
share by their number to find the average efMe&n Squared Errbor 'MSE).

Training b recognizing serious indicators from known examples

Now you can adjust all weights so that MSE is as small as possible. A computer can
do that for yow’ That does not happen at once. After each adjustment you will see
MSE (the percentage of errors) become smadli@djusted all weights a bit.

You may specify in advance how many rounds it has to make.
If you are not satisfied (for example, if tMSE is not smaller than 0.01 or 1% chance
of errors), you simply put it back to work.

This process is callettainingthe neural netwotkThe network started with random
weights. That stands forreetwork that does ndtnow anything yet.

As soon as the chance of errors is less than 1%, the netwol&drasdto recognize
thecharacteA almost faultlessly. That knowledge is stored in the table weights that
determine how seriously the neuroras/é to take their input to make no mistakes.

Testing b applying serious indicators on unknown examples

You can now test that without giving the right answer.

If you keep all adjusted weights at MSE = 0.01 and add a new pattern row to the input
list, withou your corresponding good (0) or error (1), then that output'tki® (s an

A'l) or 1 (this is not an A). You then have a 99% chance that that is true.

aFor examplel/(1-e1).

b In Excel, for example, there issolver plug-in that traverses all formulas that have passed the input on the way to the output, and adjusts the weights
used to minimize the end result, maximize it, or add the waluecan choose.
In this case, you want to make the average error (MSE) as asnadissibleSo you chooséminimize.
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How it works, probably nobody can explain to you, but it works, and it is being used
on a massivecale?

Neural networks are used in order to recognize patterns

For example, credit providers have many characteristics of their debtors such as age,
home ownership, gender, and so on.

From experience, they also know who will or will not pay backme.

The guestion i®f coursg@whether a pattern for defaulters can be recognineithe
row of features per person. It is better not to give a loan to thagnosip

For example, you can also recognize a pattern in:

- the course of stock prices of various funds in the past and respond to this;
- the sale of products in different seasons, holiday perau$so on;

- the course of the weather in different wesatconditions in previous days;

- properties of plant species to trace their name.

The last application is a classification problem. That is best served by more than one
hidden layerThey sequester to a result successively. Different problems may
therefae require different network configuratiaridany different suitable

configurations have been found in the human body for various tasks.

For example'circular configuration'sare held responsible for our memory.
In addition, the neurons and axons can also be very different and their connections ca
change. Connections can degenerate or be newly created.

Our neural system is differaated and flexible in details, but tilemberof neurons
is largely fixed from birth.

If our pattern recognitioproceeds according to the scheeof artificial neural
networks, it could for example explain how we combine thedlyodifferent

information from different senses into the constant awareness of a variable object
(‘'synaesthesip

You can now also imagine how the actions of dozens of muscles are coordmated
training-based pattern into one specific activity.

EVEN IF YOU KNOW HOW IT WORKS , YOU STILL MAY NOT UNDERSTAND HOW IT

WORKS

Such a mathematical simulation of biological examples can lead to other assumptions
about our functioninglt appears to be a baretpmprehensible alternative to current
mathematical optimization techniques.

The ANN expresses the weights in numbers, but our own neural network uses
chemical reactionsThe ANN adjusts these numbers in a round of mathematical

aChoong(2009)Build Neural Network with Excel(WWW)XLPert Enterpiisevides a clear explanation for sommeratingANN-applications in
Excel.These are downloadable framtp://www.xIpert.com/buynow.htmlifor a small fee.
Professional software is offered Viép://www.neurosolutions.com/
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feedbacloperations'solver in Exce). How does thateedbackwork chemically in a
living organism? cannot answethesequestiors.

Y OU CAN SIMULATE A SIMPLE NEURAL NETWORK EVEN IN EXCEL

If you want to present to ANN the list of the shepkerfrom Fig. 118 (p148), you
first have to convert that lisE{g. 155BCD) into numbers between 0 and'dc@ling
in columnsH, I, andJ).

The shopkeeper must specify whetHey i6 satisfied (0) or not (1). In this case he is
satisfied when the turnover minadvertising(E) is greater or less than 10, but ANN
Is not aware of that motive. She only sees the patterHs lofandJ.

ANN' now becomes the studegrau will train and test.

A B C D E F G H | J KLINNCPCRSTU
month turnover price advertising t-a fill in the wish list: 1 of 0 turnover price advertising

| 1 +6—-00 t6—8 +—too-tittie-profit 0,13] 1,00 0,17
20 375 10 10 0 OK

1

2

3 2 0,38 0,88 0,17

4 8! 24 325 12 12 088 0,63 0,33

5 4 AT 275 8 9 0,00 0,88 0,00

6 5 22 3,00 12 10 0,63 0,50 0,33

7 6 21 3,50 14 too little profit 0,50 0,75 0,50

8 T too little profit 1,00 0,38 1,00

9 8 too little profit 0,75 0,50 0,83 TEST RULE

(B9-B$12)/(B$11-B$12)

IDDOWN(MIN(D$2 normalized values

Fig. 155The wish list and the scaiing into normalized values in Excel

You can teach ANN

You first teach ANN how she should evaluttie patterns from month 1 to 7.

The eighth month you keep as a test rule to see if ANN shares the judgment of the
shopkeeper with thexperience of a pattern that is unknown to New can also
deduce that frontsales minus advertisindutANN has no idea of that motive.

She only sees the patternsiH]) evaluated with a 1 or 0 (1 mediw® little profit).

Fig. 155andFig. 156togethemgive a complete picture of this simple ANN (6

neurons) in Excelt consists of the three scaled Input neurons (the columns H, 1 and J
of Fig. 155). Fig. 156 showsa list of provisional weights, two hidden neurons

(Hidden 1 an®) and one Output neuron.

Hidden 1 and 2 (ifrig. 156 distinguishedy shades of green) now come into action.
They will both assess every input of the 3 Input Neurons, each with their own weights.
The Output neuronsvill in turn produce the results from Hidden 1 and 2 with two
different weights processy output.From that otput, the wish listdesireis

subtracted, so that only the deviations remain. The square of each deviation is called
‘errof and the mean of those squares is cCaNEsE .

aThis smple example has been worked out in Excel according to the more comprehensive scBbowng{2009)Build Neural Network with
Excel(WWW)XLPert Enterprise
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Fig. 156 ANN doesnot know anything yetshe has25% chanceto makemistakes

You have made Excel generate random numbers between-1 ancdolumn V and
copied theivalues(not their formulas) as weights in column W.

Excel immediately starts generating new random numbers again so that they are no
longer the same iRig. 156, but that does no longer play a role.

ANN has not yet learned anything with these random weights, and the number of
errors coincides (MSE = 25%). Excel n@an startraining ANN.

You can train ANN

You askExcel'ssolver to adjust ANI¢ weights so that her MSE (mean chance on
errors) is as small as possib@n his menu you choose the possibility to minimize cell
AN2 by adjusting W2 to W9 (thereights) with the evolutionary method. Once you
have given that assignment, you see MSE drop to 0% after many réugndss[7).

The solver stops witthe announcement that he has found a solution. If that is not less
than 1%, then let him work again. Ttraining is successful! Now you willestANN.

Fig. 157 ANN has adjusted her weightshe can be tested assessing new patterns

You can testANN

You copy the formulas AC8 into AC9, ADS8 into AD9 and AKS8 into AKEd. 158).
Hidden 1, Hidden 2 and ti@utput neuronshen display the data of that lineFig.
155(H9, 19, J9) with new weight®ANN now gives the correct opinion about the
unknown eighth pattern: ltdo little profit)!

Fig. 158 The judgment of ANN is consistent with the original judgment examples

The ANN detailed here is a simple example that you can expand with many more
neurons: you can filn the rows and columns of the input languages with much more
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