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Fhysical intuitiorn amd the comabitubion of matter,

Thiz revoluticrn  dmplied a drasztic charas in the bazic

¢onaept5 of science. It waz not anly that some concepts were

i

éubatitutediby others
iE{ o . v .
the Theory of Relativity, for exanple, "sea ce". and "time"

5y although  thiz was alzo the cases In

werefreplatéd by "zpace-time". That zsemimaly ’JPHrleldl

gubaﬁitutimﬁ had profoursd inplicat

i _ i L. .
azzocliated w ith the concepts of zpace and time azs fouand in

The new comrﬁ-f regquired  rercuncing custonary ddeas

r; . . v . <&

&hat i uﬁdally referrad  ho as "direch inbuwition”. Neithar
K | z
Mewtorn nor  his followers thooagbt the day would come when

thOﬂP intuitions wer e quastionsds  The ildea of a “"real"
denlufw ERaCE wharw gll bkodiez are located had already been

!

-

qu-dfluhwd by Leibrdz (17200=, but kis critique never came ta

ghaké Newtmrldn physics.

Evern aha of the mﬁwi~hrilliant mitdes of the century,

3 : N
Heimenberaaf Faed d:ff:ru1+199 ir | acocEp tlnq the new
«arcap+1nr_, I one of hiz autobicgraphical bqakd H~1'nnbwrg

(1972) wr1+ 3] :af_a .dialague hé had  inm kiz youth with
Walfgang ‘Pauli iﬁ whiick L decl%red that  while the
mathématicai framz of Einstein's theory did not cause hlm
&y &rmblaﬁ@,. he'fbund_ it.inamﬁprehemgible "that & maving
obsarvear m;;}t understand the word 'time' differently fram &

staticrary dbmerver."

i Ir spite Gf thiz =statamnant, i & very zshort time

lIl

H izmenbera hlmgwlf was to becoms ore of the principal actors
's . it . ! . .
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of the areatezt drama  in the hiztory of  physics. I =ay

"drama" because it meant the definitive renunciation of the

e

i

of cur  drtwiticsm in the comprelansion of the

i

e More Cthar thiat, fram this  moment

comstituticon of  matte
arwardz, the  very mobtion of "wunderstandivg? wendld cheaos in
mearning.

i

I thfé respect I owosld liké to refer in zome detail t

ix

i

a dialague'betweam the voura H

i

mbvarg arnd the areat Danmizh

phyzicizt Nfals Robhwr . It iéjwellvknown that Robr enurcisted

& theory of the atom, still _taught taday  in sacondary

: J )
seheolszs, accordivg to whickh  the aton iz concelved as

]

. . . i .
planétary system in miniature. At the centrse of the ataom is

the nucleus containing maost  of the masz and surroundsed by

mach lighter elechtroms (particles Cwith & e lectric

]
ot
o+
.
<
i
i

m

charge) that move arcund it

L

0 the_planetﬁ arournd the =un.
From the point of view of claszical physics, such an imazs
df-the atam caﬁnat- ez EUStainéd becauge if the atomzs were
%ndaed thuchmnztituted, matﬁerxwmuld mot b mtabde,

H At the beginning af 19£2750Hr wasvinvitéd by Scmmerfeld

aeries of lectures o abomnic

it

1

W

1
to Gottingen  to deliver a

theory. Bobe  wa:z inpreszed by the quaestiond posed by youna
ﬁeizénberg,fthen a studernt, amd invited him to walk with kim

éo they cowuld dizcusz the izzues after the lectures. Durina
ﬁhe diﬁcusziﬂﬁ, Hed zambara euprassed  khis doubts concerning
\‘I ‘ » .

the conception of the atam  as conzizshting of particles

éharéad with electricity - bl elactrﬁna - that actually

A

MDve'arGund‘ the rnuclews (Heizenbera, 1972, EP. C4/65) ., -
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R 'e reply: merits quatingr-in Full bt I shall give only

gizt of it:

i
iz

. I 8 -
MBRecauze matter iz stabl
f

i i
3 i

correct at a sub-atomic level; at most it can give uzs &

ik

starting paint™, And, for the same reszan, thers
o .

tanﬁmt‘be & viz ldl dezcripticom of fthe structure of the

o

atom, zince such a description - precisely because it i
i :Z {' : ol

vizual: - haz to be based on the concepts of clazsical
: 1 B - }
Fhyzics, concepts which no longsr erable us to

apprehend phenonema. Yo must realize - Bobe corbisued
. . ]

- that” t} attempt to fnrmuqu a theory of thiz sort

m

')
0]
m

tazk that iz a_priori Jmpnzzlblwu Bﬁ-du'w we have

o+

zay thinga about  bhe stroacture of the aton, but e

o

o ok h Ve & ldrgudqe whlrh car make what we warnt to
. ‘ \ . :
TEaY :mmprehehﬁlble.

.

-

i
i

Heizenberg insizts - "hut what then do the images of
atomzs that you have dizcuz:@dvand EVER juztified in

vour lecturez of the past few days mean? What iz it

wl

that Yéh really wanted to say?"

“These imapez ~ Bobr replied - have been deduced or, if
Yo pref&r, quH:z@d o bbee basis of experimental

Factz;'they are not the fruit of theorstical

ijlruldt1ur“u I hops that theze images descoribe the

r<§tructufe of atomz gz well ’_but crly @z well - as

» Newtonian phyzices cantot be



PuLﬂJblH in the vizuwal larmguagz of claszszical hy

We shomld reaxlize that wea CaHHDt uzae this language hare
i =R :f;.-t_f posts do. They alse do mob zesk bo -1 =d 14Ty t

i facts in a‘pracime marrier, bt hapeianiy to create

1r a2 in fhm ZPIFlt of their audismce arud to establizh
'!
i i .

t
| - M the level of ideaz." (ikid).

x'[l
|'T

3 st

i

Thiz wdialmgue betweay L of (A
revolutionaries in the hiztory of ideasz iz more eloquent foar

t by

(]

spinte nu]uuldt than ary  treatise on the zituastion of

TClence in ﬁur century. Bokbr's commertz posed what appear to

be inﬁurmmuﬁtable proolemss if éhy ical thuury iz ta be
éccepted ang i£ impliez 1rgﬂmuncing the CGﬁceﬁtz of  =solid
ﬁattgr, tr Se:tnfiéz in zpace-time and caus allty; bFaw ccaalol
Qt (= validéhad Ey ﬁeazyrem;nﬁﬁ with instrumant% that assune
4tke e cance#tz?k_whaﬁ kimd  of world iz the world of physics
if ndne of oo hazic phyzical intuitions are applicable to

it? What kind of "knowledoe" iz “physical knowledoe"?

Fhysical fke ory ﬁﬂd Mathenatics: Ruﬁsell ard Cariisg.
It waz',Ruaﬁell, o of the great philosophers of this

éentury whia attenpted to provide an  answer e the  above
il ! . . . *

‘ 3 i S '
guestians and  to ewxtract tHe congequances for - the theory of

Erowledae., I 198 7 the same year-that saw the culminatice of
the research o thevztructure of the atom - with the guantun
theary of Heizenbera - Bertrand Russell published hiz book

The Analdyzis of Matter (Ruzzell, 1927), & wolums nob muche
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read by ph;aiciztalbeﬁauae it i very philosophical and notb
much Fead by philozapbhers because it contains & lot of

mdthamdt1gﬂ. Ru::~11 =z theory cam be summparized in a - sinpls

\l

"enter =] "Ougr. krwowledoge of  thea Phymlmdl warld is only &
ﬁnowledge of  struacture". In plain terms,. Ruszell's <laim

i
A

meart that ph sice can tell us nothing about tha:ﬂature of

1 ’ »
th phyzical world  beyornd  the struchural relaticn
ﬁeprézentedf iry the mathematical Fframework of phyzical

; _ , .
;It sk ld be clear  that thisz formulation is radically

différent from  the pogition  imPberited from the seventeanth

|
1

centiry. Galiles (1632) had stated that,

I : : o .
‘ ibhe great book of Lhe universze (0.0) cannot be
CUmprﬁhunde unleez are firzt learms to understand the

languaée armd read the lettaers with whick it iz

t i

"cumpasad. It iz writtern inm the lanouage of mathenmatics
“and thw characters are triangles, circles and obher
gaometrical figures without which it iz hunanly

1impu~:1L] o comnprebend & single word of it

. iGaliled!

&

position conzizts of zhowing the recezzity of

exprezﬁiﬁgpﬁatural Fheromena (whilch are studied by means of

nh Hrth1on arid H’P“rlmwﬂfdflnr)jiﬁ mathemnatical statenentz.

Mﬁ+hwmdt1u“ thud appears as  the larmguaae in which the Jlaws

o) LA A A AT B e T

af nature are sxzpreszed, & language that gives them areater

preciziof, - allows interrelaticonzhips  to ke clearly

l?u
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_egﬁabliahadf;and apEns Cup +Fa P :z1h111ty of making

predi CleHJJ“HH* the laws refer tm & wnrld } at iz "out

thara", and=which iz kmuwnﬂjuat as. it 93 thrnumh ob mrvd+1un

B
i .

& eﬁperiméﬁtatimﬁq The tr“d3+3nr il Galileﬂ"waﬁ takeﬁ.up

ahd'carriedf‘tc it ultimate«l;mncluziah by ome of the

l!]

ep

‘"

F i

It“ 'h:wf Hapnnwnf WaS _Rudnlf larnmp

;_ Let uga-ﬂmwvlﬂmk briefly'at' ‘why ried ther Rluuwll ‘aﬁ

Cd:“dp prnv1dwd & ”ﬁlld faundation to their epristemnclogical

.thearlmz.

work . D Lomizokns Aufhau_ deerelt, published in 192 o ar
the mozt reievant works tavﬁe,cénﬁidefedﬂ

; i : . e
kriow the 5tPucturav¢f Thue. phyﬁlral w“rld" wdd dwmnll”hﬁd a
- 3 , i : y
yEar 1a -1 by M.H. A, Newman (1728) ., & mathenatician not very

5t

1nc11ﬁnd +uwmrd"._apiﬁtamalogy, iﬁ =4y articleuwpubliﬁhed ir
Mind.3Newmaﬁ} davelops khis o logical argument with the ubmost
! etly HEVEISE ) " : v !

1mpnrtdn+ f&r thé_preee v dlguLg,iQﬂ iz his cofclusion that
A wnoLE ik _

haseyl'z tﬁémryj15 éitherltriVia1 ar fal=e, Thé;fundémenﬁal

ER

reanon in that'if we_gglx_kndw tbes Etructure ﬁf“the Fhysical

E

world, we krow ndthisng. Bm-mu"* Aiver g

e

Cmets, whatever the nature~dfatheir-elamemtﬁ, having the zanae.

m

;érqihailngﬁtha Efmavhumbariaf3éle mer ntz, if they are finite

A4 L
. 1 . . R

qetw); car, ke organized  in & marner  satizfying  the

rt;uctur". Thgwefﬁre, if werdo ot kﬂow'amythirg éize,'thére

P

+emn1ﬁq écufyp1fa1 ﬁf'ﬁuf u“nfury. Aomical empiricizsm.

;1ﬁ§ Ahd)vz:i of | Matter amd  Carrnar's

i,

We wili¥ Eezodim with Ru“-ell;"1hw thmﬂ' ‘hhaﬁ “wé oﬂiy-

| o | o Ny A 7 .
c&arity,-but: I will mnot prezeht it in full - as o what s

shructure, 'a11 
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struc

replied with a pathetic 1

waz the ward "enly". To ke able to zay that t

warlod, we meed Lo know zamabhing i e thaﬁ the

v

wji:' FHES

) bag'“1to aszert that & given structure iz in fact th

h

ture of, qur world, )
Newnar zent @ copy of hiz - article to Russell, whics

Lt

14
m

Dear Mewnat, .

Many thanks for sending mne +hw 0ff~print of

mF+1FlE. abowt me 1R Mlndn I r@ad it with g‘

YOar

esat imtarest

ard zcane dizmnay. Ygu meck e itfehtikeiy mbvi@uz that my

statemarts to bhe eFfamt'tha

rothing ig. l.r"n

the phyzical world axcept ite ztruchure Bt

false ar trivial, and I am Emmmwhat azhamad
kFavirng noticed the pnxnt far ‘mys self..

It iz clear that the Achilles heel of Russ

we khnow is  the one - that corre u%pon- T
Ruzsell, Ve ezt d orned. Nwwmmr'm alxjectian

He waz to farmulate the.~pn"1t1nn oricE

awkr abcaak

eith

D

r

i
ot

at n

] ﬁ theory

fhe structure

oA plhysical

shruucture, .

i hide later

a™aEir, in &

zligktly modifisd farmviﬂ-hi“ raply to Nmuwl, ir the valune

tbe Pﬁilgzmﬁ%yl of Bertrand Humm&l] (F An H-hl

1944 3

1

s

o

ke Phydical ] E'tﬂ (which we a&Fra aZssumiceg

erable us  to krow Sertain facts about the

lF-P, (E":ji)l

# Thie inferem;e by which phyzicists pasz from parcepts

valich orly

ztructure of



j %; C }{
thp phx 1r§1 Wurlq a5 ﬁfj& ed by mﬁaﬂﬂ ﬁfw_dﬂmdl -
f‘ hrplﬂflgri~?uumPF“v“ﬁ'“f:.aﬁd-cqntiéuity.rBgyéhd‘certain
‘ : y ; t maff nd+ikd1 prnpwrt1_“. ph-higg raﬁ te11 
. _4;, r'p;:ntj}':';i.'r*;';-_ E;L«r'tuf‘ H'w’ “'"lai:fal:t.er r'-f H"n—' |_+“y' ical Wt_tr”ld_.""
" | (Eu’""*:ll 1944, 7ur~> . | e | |

lést 'h1ln:nph1 cal  wmrk, (Ruzaelli 319§8),'the

explicitly mentiémed; but” thereyafe irndirect

thiat  maks evidest changes in: R izzell's. positicn,

1n¥the-chaéter~entitIEd "Thw Wurld of thzlc:”
. !
iy o
b

o “Mathwmuflral th"lc*’uan+ﬂ1h, au:H an Jmmwn""
:uperzﬁructure Df *huury +} itﬁvhaﬁiﬁ ih nb wrvd+1nn

e

© o tends (= oh"rurwd._ It 1«,'hawevér, an,»fampiricalv

“'tudy,ﬁand 1t: Hmp1r1uu1 rhmrac+ & dPPHqi“ Mk

’ tgj 0 . ' .» .
iunequiymca;ly whera the physic 1 rnr:tdrk o=

[ ‘concarred.” (Rudﬂwll,-iu 48, p. Z?X;ﬁ" N A
CAnother indication of chanas iz sean in the chaptber

ertitled fétruttukaﬁ,‘bﬁhich unnlud,ﬂ inh;the' fallawingp

marirer T ' S

'"Consiﬁer'flun" deriviria from the inportance of:
'gtructbre*zhﬁw that our knowledge, especially in
Sophysics, is much nere abstract and much more infected

T o with ldwmic than it owould meem. There is, howeaver. a

.
I 8 ’
N dn o >
s b
LI



7
very dafinite limit to the process of turmina 7
1phygic§ irto legic and mathematicz: it iz zet by the

Fact that Fhyzics iz an empirical scisnces, depencding
for itz c*adlblllfy wpon relatione too our éerc&ptive

'prwllHﬂ_,“." (Rnudwll, 1942, p. 258).,

Sﬁuaﬁeli does ﬂoﬁ mantimﬁ Fow  these fglatiomm Bre
ent ]1“hwd. The kin@ of c&matructiwn'he hadipfmﬁazed ir
.prevrmuz works, Pakticularly ik Rlz“wll (1914),:cau1d nuthhe
gugtaﬁnad" in 'my.viaw§.vhe WEE pféventad from éqiﬂg brzy o

them by hiz enpiricizsmn {dezspite t}e fact it did hbecome

4

waaker aver time). Ferhaps for this reason the final chapter

of this last philozephical work is entitled "The Limits of

10

Empiricism”, In it he states "it must  be  admithbed that

empiricizm &g & thaeory of knowledae has proved ir'dwqudfc“
And ke adds - perhaps as a consolation - "o .. thouab less so

tharn any  other previous theory of knowledae®.  (Russell,

2, p. H07). - | P

~

134
I wmu;ﬁ‘hazard & auezzs that Ruzzell dFFlVHd at the vary

riker,

1
14

doars, of cmﬁstructivizm, bt did otk cdare bo

Let uz: row look kriefly at  Carns

T

(1925) makes some statenents thabt may appear tu Parallal the

formear Ruséﬁllian structuralizm, and  avern  have SO

P of

"Fiaoetian flavour®., Let us take are i a e 1 e

Jomre gcgence 1% Lo bw ﬁb3~‘+1v~ thern it muzt restrict

ts

{0

1f to statemsrts about structursl propww*l_d,

i =T -1t1un. Carrap
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'}nw +h# lnna

v ' i o -

f _“+|1 f.it:elf to ztatemant: iabiout

: {Siﬂﬁ“ dll ubJuct" of ln#@lw« a‘aré-natv

) fnrmﬂ and,tén.be Eéﬁréaanted;éﬁ %tructur-lf
: f‘ g (Cdrhdp aiﬁig;'ph im7 of tHe quar:editiﬁﬁ)

s

ihtaﬁthe ha'

for such & statensht.
Edrmap,, thesiz, qccnrdrmg’to whiich “z-:unﬂﬁ ﬁnly deals

with;the  de

tn

zcriptiqﬂ'pf- structural Prnpwrf'e

: IR S o ; ¢
¢hnu1d be placed in tHchmﬂtext of his  mar e~2“ﬂ.mp Mﬂlnﬂ

thes

kD : . » S

zm,trandfor@Ed that it iz nething but & structure stabemsrd®

+
it
T

mr:-} 1@ELE

structure but  to the matérial (i.m. anything that can be

pointed aut, in a;-cmncrnfevtztﬁnsiVe defimiticen) iz in the

finaI:aﬁaly{iz,, ubJe¢+1V""ﬂ (Eaﬁhap? fIH:H, F. 2% of  the

. Dover, edition) .

wall . krown ;»that ir Carmap's Cempiricizt

i

epis enulngyu khmwledge ata ts frmm pefcaptimmz'leading e

"m_‘

;3 A

n

=}

in

2t Wk Frnm thmre £ atwuctur'l prnpwrfler Hi
ﬁ&z lu+1nn led to & truly’maﬂuMental COriE +rU¢+1ur. beat t

f&IIEWh“r+ target. It must be said th«+ bz was an

honcurakle: failure, Witk admirable honesty Carnae recoanized

But the "Piagetian flaVDQF"' dizappears whan we g closely:

ﬁf ohjecﬁz" :

bhatf~"each:5ciehtificv-sﬁatement;can‘ingprintiplerhé

'skﬁuri);_fﬁafﬁap ‘mdds - & marprising and
sertion: "thiz tranzformaticon is “nnt arily

imperative. For- science wants to sp e(L atvout -

chive, and . whateyver dows not - belong to the

TS L ve d f1n1t1ar”" _d“d the 'prﬁblemAha had ti face was’
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Can the same page, 1”1 S axt
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kiz ﬁailur&veémd Madé,5nm=further  aﬁtampﬁé; I fact in his

4 R
later courzes
FA A1

trace of  thisz resclution rﬂmd1n“5-a1thaugh his empiricist

,ayéd dmntect.

wldrnﬂp‘dn Fnzsell_wéve-_ﬂpt'+h~ ﬁnly 0n¢é-who_arrived

i ‘F.«.

¥

philosophy ef. | soisnce jiéf;,Quiﬂe; ;Av»petﬂliar?,kind of
empiﬁjcizt,gta “heczure, having repudiated wﬁatvha'calls Lhe
‘ . SR, @3 0w .
"doomas" ofo snpiricismn.  The o following © statemsnt, for

. -
s

imztance,

e ﬁmﬁ diffar frbm'ﬁﬁééell’zé'"Htrugtur” iz what

méttars tn fa thwury, ‘aﬂd“ﬁﬁt 'ﬁhe whed e .”f lt ijectg"

(QUime, lﬂni;' #,’z AlthHQF Thaine reamgni @ that Ramzay .

Qutjthat thu éﬁlyvﬁb;thewfeticé} abjects, and adds
h samis ‘ cts

m
)

Fded the doctring to - obj

. m

geneﬁally, for I zee a@ll vquegtﬁ' aﬁ';theor-flcdl" This

"Rodies ’éﬂ% fgauf' anwlwquul §f 1thém_ are'”ralatad cily

qtruatur'lly aﬁd Cmu:mlly mﬂﬂ hot by & sharing of qualities"

i
- i

(Guire, 14d1, py 127)5

T?Quzh& ?s f?uite3aware af the rnn+e.mf~the”aifficu1tiea

faced by Ryzﬁell ahd Eaﬁnap iﬂ'tryiﬂg-tu carry out the

Qrogﬁamme

e

1 i
% H‘
1

dhuu+ +}é

‘ .
e

theoﬂy, dﬂd lHQIC" (Ghairee, 1?81,'Ppa_83/84);~THi5 i clearly

w
+
£ 3
D
et
~+
iy
X
]
o
-
i
il
i}
-
3
i
‘.
&
ﬂ
l+
ay
s
!+

Jndlc twd 1r Fhw same | s

e the qhilﬁ@dﬁhy-&f»ph Eics;iﬂarﬁap; 1966) na

at a .= tructur'llﬁt fmnaeetiﬂn'_qf nolence - frﬁm; wmp1r1-1d+j

ﬁasiﬁioré.'fhe~ m:3+ corzpicucus ﬁ*amplw w1+h1ﬂ Frasent- ddyv

'buth ;nld th‘s;pagitibn-befnfe;he'did,'he points

:iyaz-further:clarifitatihn in mnuthwr chaptear:’

'ﬂhe_défiﬂ951_3$~"+rﬂn lﬂrlnr of all di= sdourse

. knal.@arld“ﬂiﬂtm terms. of sense  data, seh




B

! N /
N \ C e
"Carnap achieved remarkable feats of construction, starting

1
?

withiaense data and building sxplicitly, with full Frincipia

techriques and Frincipla ingenuity  toward Cthe  external
wor 1d", Quing concludes: "One must in the end despair of the
; ; b : o : o S g

full definitional reducticorn...and it is one of the merits of

the Aufbau Tthat we can zee from it where the chstacles lie"

(Gaine, 1981, P. 84). He snds wup hiz comments with a st
remarkakle azsertion: = "The empiricizst’'s  regard far
exparisnce thus  impedes the very program  of reducing  the

-

21, p. 25).

world to esperience. (Guine, 19
i

jHﬂwevéF,_QQine like Carnap, takes aatenaiYe definitions
éz b stt%ting pqinﬁvaf khmwledge,.but e makes no attemp£
tu bridas the gaéé i the.Aufbau becauza, he says in anobher
ézsay, "thal_pra3EEt of & ratidwal recanstruction  of  the
aenzé data.;.is anvéttractive ideaa.;(hut)flvam

warlﬁ from

convinced, regretfully, that it cannot be  done” (Ehiitie,

Quine's way out iz hiz well known paturalism. Science
iz taken - for | granted and  what | is left  of the
episﬁemological_problemﬁ faced by Ruszszell and  Carrap is

displacad tﬁ Cthe problan of bhow  we beadld the larauaas of
i g o ‘ )
mcience. In the chapter "Empirical Content”  (Buine, 1931,

F.24), Duire says:

4]

"What zort  of thing iz a scientific thecry? It i

5

can ides, one might maturally

@Y. oF & compleas of
. v dideas. b But the mnzt'practical way of coming to grips

" fwith iﬁaaz, and wsually the only way, is by way of the




words that express themQ What to lock faor in thae way of

theories, then, are the sentences that expr

oL

== them.

g

‘ 7There?@ill b rio meed bo decide what & thedsry iz of
] g , '
; witir to regard two _e+3 of zentences az formulaticns of

e o me tlisarys we can juﬁt talk of the theory

i ;fnrmuljfluh as =uch.

“ The réléfimn to be analyzed, then, is the rﬁ1d+1on
betwaer ok Senzory ztihulatimnz ard our scientific
thpﬁr ‘ermuldf1HF3= the relatiaﬁ betwaary the ‘
phyﬁjil"f_ﬁ Eenteﬂruz o e ore hdH treating'of

;gravitqtian and electrarms armd the like, and an the

sther hand thé trigoerimg of bis sensory r#rpptnr“.

:ﬁ

W, hié_ arnalysis beains  "hy 100Hiné at the szenterces
ﬁazt dir *tly cormected w1th sensory stimulaticon” (p.29).

§ _Thig rndd ig:nat frae frbm dlffzuult1w:'either (mea,
%mr fnstance, the eszay by F. F Htrmw Sl A Hahﬁ atrvd Schilpe,
1386) ., But., & even if =uccess ful, it iz hard to reject thea
fdeaé that étha' fupdamantal aplatemmlagical Frablems are
dl“miagud réfh@r tharn solved,

: Piagatfaﬁ epistenclogy hagﬂhEen ahie Lo avercome blhese
qiffigultieé aﬁd,'ﬁo affer & zaluticn to what appeared to be
én ifsurmmugtablav'ﬁilemma prrasarted hy modern Flhysics. ,Wé
‘ : )

have bean forced to remourece dntgitive camcepté to dezcribe
#he canstitQtion of  matter.. The traditional =senze of
;dazériptimd" iz.jnot aprlicable  to events inside the atom.

We cily have a mathamatical theory Lo accourt. for them. Yet,




i - il . . . P

"mtructural. du’"rlhtlur”"' without empirical sueport,  which

i

A

4]

NEcess le brazed or intuitive concephs, catihot zingle

ot &ny parﬁicular world as our world,

Gerebic epizhenclogy  offers a way ot of this dilanns
bazed on  the analyzis of the coomon origins of  causal

1%

relations - arnd logic  aperabions. Fiaastiarn theory of

'

céuma&ity iz well knows  and X wili Mot dwell on it.  The

cstructure iz prezent at the vary teglnnihg, bBut it is not

Fanging in ﬂthe VEZLILIN & The path from  action, at.  the

sensorimnctor; level, “as intermediary  betwesn Yobjects”  and
Coqnitive instrumentsz, to  phyzical theory iz long  and

q iy . . ) . )
ldhurluuﬁ. A recomstruction of it iz far bwyﬁrd +hr moops of
4 @ . v o .

this paperl

P

II.*‘THEVVQLIDITY G# FIAGETIAN EFISTEMOL.QGY.

Thiz hhlnu me - b the sec und bheme of my paper. What iz

E V | o :

the aepis thNJNQIual +hwury of Figasty? In the mnuly iz of the
characteristics arvd  the validity of gerstic epistemnclogy
therejaré twe differant quastionz that  require particular

attoartior

14

&) The egpisztenclogical theory &z an orqanized tohality

that may pravide an explanation for the developmant of
i cognitive zyste
: g 5 L

L(b) The hazic azsumptions af the theary., makina it a

m
u

 gcientffic theory, in tha; thaey confer om it a&mn

2 of experimentation are

J_I

/“E il . ] -
Slempirical character, whose AR



; @ etlr P,y«hology_aﬁd L hluturzunl—:ritical

e -

x’[-

u

i

ﬁ
o

Vanalyziz of the hiztory of <o

B t . o . . X ’
Fadnt ) hm“ bear dealt with  estensively in & volume am

which I wazs forturate _enough t0 Lulldbﬂr te clazely with

Pia;st (1983/8?), Pozyohogenesis and the His tulv of Soieprce,
4 N & . e :

iThe firzt azpect - the theory a5 & global system or

Qalidity af Qanfl"

i

piztemnal cay. My inziztence on refarring
to the theory az an organized tobtality has th reazons. The

: : CoL o o o . .
firzt iz concerned wlth Flzu"ama "thaory'. This word covers

t.oc &ide & imEpaectrum in zcientific,'writing today, ranging

frnm BYRLEns with & hiak degras of furmq] tion to sets of

ﬁataiity'~ gwill be the focus fbf hy examinatian of the‘

cpindons and  ideasz that  attenpt to explain & aiven  and

l1Qh1y r**tfictad Flemomerar. - - .

Without emtering  into thév Auesticy of itz dearee  of
Galidity, Iébelieve bhat it can be said that Piagst's theory
cmn:tltut 2% & _lcoherent kedy,  with & 'high degraa vgf
irtearation, thﬁt Appears  as & system  explaining ‘the

4 .
fundamartal profeszes  that intarvena in the developmaent of

Ehawiedge, bbby  at the individual level and im the hizstory

of zZoience.

I thiz senze I call it an "orgamized totality” amd I

1

(with which' I agree ertirely) with regard to the validation
i i : o - : : :
of theories. Although he bas referred  to this thesis  in

Pumerods conbextes, Guine formulated it il its zharpest -

il n

apply to it the thesis of FPierve Duhen, =laborated by Ouine




¥ .
li
’ N . 7

3lmu:t prnv~« ative = way in his w=ll krows papar "Two doomas

gf emp1r1-1"m“ Chaire'zs formula iss
i i .
! »;”Dur ﬁ*'+a nerts about the external worlcl face tha

n
! T

triburial of  experience noh irdividually, but only &z a

cwrparate hmdy“;(@uime,riﬂﬁﬁ, F.o 41,

Thp thw"ls ia'cleaf and'totally anti-FPopperian in two
ERNTET. In the first fplace,vit Fejects the 'idéa-'that &
tﬁemry ig aipmﬂjunctiﬁn_af ét-*é ehtz that carn be zeparately

cmrrobmrated or dirnvalidated, 'ﬁutk that  when one  of the

,
& ’ %

+ tamnents 15 refuted, the whole is af"ted,:ie:JHdly, &

u‘

themr& ig ;ﬁ argarized body  and  when i£ fails - in éne
dppllhdtiﬁﬁf&t iz mot  at all abwvicus what it iz that has
fgiled &rd WMy it failed in;th's particular applicatiorn.

Lat me._ deve ) o thig:_ zecorvd  Eoint further. All

: | ' . .
nmp1rura1 thwnll_“ have . failed in zome particular seenirngly

HY
[u]
-h

critical applicatiaﬂ, Evern - i extenzive - field

i

applihatimn Cthat  appesr  to  enber  naturally inte their

' s .
domains. For!  esxangele, Newtoﬂ'" fhmory of mnflur/ardvzfdizﬁn

carnot expléﬁn the Yanomalous! mmvement of the Emallest-mf
tﬁe planets. - Marcury - althoual it did permyﬁvpredicﬁimg
tﬁe’ﬁxiﬁtentév of & plarest umﬁnmwn tD ,manv at.  tha btimne,
Néithgr daeﬁ_ Newtmﬂian physics EF Fly at & zub-atmmicvlevalf
1

tﬁatiit ghgﬁld bz ai;cwrbaj Nhat does falﬁific?tiuﬂ e &N
whier %heze‘i%ailed predictimﬁz ars zet =zide by =sids with our

ability to ‘Sendva SRRCE veh1u1~ Lo Nepture bazed on the

4

B

"‘:1 aws The | caloulatioms as Lo its path ahd shhe Lime Lo be

But theze arae mob “prmmeV that "hle bheory in false', and




%
Ty s ) - Co R P

i3 /
of the

taken by  the jourrsy are all  madse with  the todl

[}

éalid theary that iz Newborndian mechanics -~ and the veszel

reaches Neptire, within the time pericd caloulated!

theory - a*suthq it iz a thecry formalated in an duL-P*dblH

fashian and’, hasz been succezzfully applied in a given runber

of instances - i
¢ :

fal=ze, but frather what iz itz  domain of appliﬁatimn? I

th

14
i

%hicﬁ zituaﬁians does it ceaze to be valid? What ar
ﬁactorz natg taker into account by the themfy that zhould be
ﬁakeﬁ ik Jrruunt whﬁr'it'failc?

% I1I.- EuHIITRhQTIHN THEURY AND FRIGOGINE'S DIS SIFQTIVF

HTRULTHREE.

B

¥

Folla w1ng Puire's conceptiorn  of theories I will
conzE dwr :awet c epistenclogy az a "corporste by . 1
P g SO .

o
P
4]
o

»r

fheury mbuut the development  ad evolubion  of 'a zyzhem,

nams=ly the »cagnitiva Sy Shem. The detailed analysis of any

part of the thaeory would be  enbirely out of the zcope of
thiz | paper. Ingtead, I will foous on what' cowld be

cors Ldaer e the core af P gogetian cornceptionszs: the theory of

qu111bra+1mn. Aaain, I 'will hot  attempt  any detailed

i
]

annly"‘d. my aim will  rather be an  evaluatiocn of  th

L

cmnﬁl twnfy of  the theory a3z & whole within the corbext of

prezent dayf idesz o the development and  evolution of

_ﬁy:tgmz whfch, like the coanitive syzstem, are hnabtursal

rilisnces),

i

gﬁgﬁémm (thdf is. mob the result of laboratary e

| ‘ ‘ . . N o . .
Comp Lesg (that i=, Raving  heterogesecus comzgtitusents in

!  The qugztion that'ﬁhmuld e azhed with-kaspect ta &

5 rmobt therefors, whethsr 1t is  true  ar




; . . :
ot d ronas 1nte* chiors with each

a
.-i-
m

in :@ntinumU5 interaction with the sxternal an1rnmm~nt).

Fleget s (19835) central 1dea5 ot the development and

1
i . : s
evolution f the cogritive syztem are presermtaed in The

equiiibr tlnn of the  cognitive structures., with thie

subtitle, Thw certral problen of development. Thiroughout the

nemaiﬂder of thiz chapter I will refer to that eroblaemn az

i

"’qulllbrmflnn“ ot lezss ofter "dyramic emuilibeium”.

‘I will begin by recapitulaticmg very briefly the

fundamentalé af  the equilibration theory ad  then examins

-

hﬁw it fit into & gsrneral bheory of cmmplex systems. The

objeﬁtive iz twofold., Firstly I will attenpt to show how the

)

maim f atur_d posdrbeed ﬁuf by Fiaget as being charactwrzﬂtlg

'1

of thﬁ evmlution Cof the coanitive syats are i fact

II'

ger er al mhar utcrzﬂtlcs’ of opaern systems. Secondly, I will
ﬁrovide Zome sxanelas  of the fruitfulneszs of mnaking

nalyse; of the evolution of quite Jdifferaent

l’t

]

QpaH;SVStBM$ with the evolution of  the coanitive zyszstem as
la - .

dwp1-t~d lﬂlF aget's eqguilibration theory.

Qe oﬁﬁthe fundamental tenetz of Fisgetian epiatemolagy

Ok » ..
v:rtimn'that Cthe development of  the coanitive

gystém iz #m1+h~r rnn*:nuuum arowth mor o a linear B EEE .
ik o . e
o of stages iz am expression of theze. two facots,
wll g .

Tk' -uqn1+1ve aystam can be viewsd az an opsen system whose

dynaml_: are detaermined o & large extent by exchanges with
i ) .

the wnv1rnnmﬁnt, The =syztem avolves through periods of

b . P '

FEar ly 5t:ady zhate conditions | (bhe ztaqes) zuch that the

r) ard opar (bthat iz,



cmmpument: ﬁ? e -ﬁyatem remain in dyramic equilibrium

(uqulllhrdflnn)

2

-
4

/

|
i

New Pnuwlwd 3e comgiztes  of 31m1ln+1nq oty jects  or

i
4

ev~nt: o ;ﬁhe- previmuz schenes and  structures of  bthe

zubject. Azs:mllmflnn 1mp11 ar inbearation of‘naW'cmntents

(objects, EVEHtE)':iﬁtD an. exizting syztam. Thw-prnqres? of

kiowledas thus corzists of  rew forms  of arganizing zach

cbntehtz. Thiz reauires new coordinaticons and modifications

aof pre-—aexizting zchenes (a ceammodation) .

Comflicts, gaps, cantr'dlc*uur“, .. the impozzibility

of accommodatican of exizsting cschemes and structures to tew

}

coprberts, may,’ultimat&ly sl t 1r dise u111hra+1un or e

?+ .:turatiﬁﬁ of the zyztem. Rn~wqu111hr ticorn results from
curdtrurtlng CnEw rstructuruzq - rEw ',LJurdlnm+1nn“. new

aperationg whxuh; accomnodate without \cmﬂfiict the BEMNE

i i B 5 : :
caﬂten.z that ‘acted  as pwr*urhd+1ur" eatlnq to  the

dlgruptzmn cf the farmer struchurs,

fourd by Piéget in hisz psz yrhquretlc r

thar the field of krowledas, H

t-he m‘el..hctnl =

fe

The fhnmrv' nf wqu113hr F1nn s aummarized Fwas  hot

Ceart ta ha just' a metaphurical des Lr1pt1un of b ztaqes

i

gaesrches. Far fram

it, it was proposed aszs & cohaerent thaory of coganitive

1

dewlupnwrt‘ﬁhat as erouab asplanatory powsr ta aocount for

F

CEhat gav

arncboth the growtb nf }Nlewd Qs and
arae of 5h?uctuﬁe.
- Fram early'ﬂn, Fia ,e+ had the clear intuition that mamy

tures af  hiz theory had a wider domain of applicability

1]

soaadt nuﬁly axpracszad thiz in

iI!



dﬁ equilihratiﬂh.skl9qﬁl where he points cut that

ﬁhermodynaMic équilibriumn;nwhi;h iz &  state af rest aft

i+

m

!i
i

'(FOWHVHF) c those dyhamz ebeady ~stat e:conditimqg'referred

'En:l by G &

Mainﬁain g functional  and  structural  order 1in‘ & open

i
cmysten”. S e . m - s
} .

gThe FuL,e>t" of ,“"szlﬂrlt ez  between coanitive

. az  descrit -wﬂ by Fiaget's cogmitive theory, and

. | o
aﬁizatimn nﬁ-dl""lpat =3 5y5tem5vwas taken up

& M S E
* - : |

gaain in t}',dlﬂusﬂdlqﬂé. e el dur:rq b prwpdr st i of

aur joint

o4
k)

ﬁha Hiztmr an Hilwhum and in the last chapter'&e idemtified

mare Lhae MJPWIflfldl analogies.

then’édnzider;amme~5y$tem5 with quite different

~

by Lowould  maintain give ﬁuppbrtftﬁ the above

v

natur:: whiic
§ F e - o .
azzertion  of © Ymore +han superficial mnmlnqy My

i

prezwrtatiﬁn

r . ‘ . . B ) " y . 3o

analyzis iz 1ﬁ-ludwd i Garcia (1990).

: : r N

’

. ' . ; B ; . & e |

A showing successive reorganizabions

dlﬂﬂlpdflvﬂﬁﬁyﬁtemz, Ctheare ware & o raanber afA‘ldbur +er

qulllbrlm _arE'éuite Jdifferent. from mechanical

arid +}3t;iﬁthéy ' différ étili{-imare fram:
(AT duﬂtru- 1uu uf 'flurturwu Bu+ he aduz:-"theyfare clqzar.

qrff % Priﬂﬁgiﬁa'f1971) with the é~fhdrée5‘tha£

FJhlihatiaM,,thwv_bamk thlflwd Eﬂychna~Nuc1~ arnd.

a1HQ1H"". Suh@aquaﬂt work corvinced  me that

here iz ‘dﬁly ifdicatives A more ﬂétailed

Lora ﬁEera Frigoaine formulated  the theory  of

——— n —
’ i F . N
] 2 o p
i N : i :
» i
& !
5 B X
. d - e R
i . - ) :
i+
Y ; z - E |
.y
o<
“ i
oo . o I o s



%xpééimants with'ropan Eyﬁtehﬁ,”particglarly in the field of
%luiﬂ dyrnamics, rﬁhat exhibiﬁéd "etranae béhaviaur" havirg
! ’ -

rharartwrl sbics of  whal we Thew kFow,  after Frigogine, &z
?dizsipative zystems".

l

3 ?Perhapz the‘=mn st 1mpr2221vH of zuch expariments werse
5egimning in the pericd 1946~47. I had the forturne, as &
ztudant, af w1+hadﬂ3nn such an experiment. I must confess

nu1tmwr we o - t}e ztudentsz - =g the profes:zor underztood at

i fr T
tkat; timz what waz 9oimg on in the  laboratory.  The o

‘P@r1re ntz were later the object of careful studiez by

.':

t i

F 11t wd obther rezearcherz in the fifties, :

L Ezzentially, it comszizted of a rotating anmuluzs filled

wlth:fluid (Fxﬂuré 1) The iﬁtétmai border of the annulus is

the exterral bz e

iy

i
it
gn

. a camztant te e ture,'wherea

' .
may bw. subjact Lo a strictly combrolled varvimng temperature

1] that a8 tempaerature gradiaﬁt iz established within the

7

it

Fluid. The 'E.periment &y prouueu by ther yaryiﬁg thie

@agmituda of the temparatur d:ffwruntxdl in the anrulus or

i
3

varying the rotation rate. Let wz consider the first caze.

v Sta tlnq with & comstant rotation and no btemperature

differential, 'the fluid acquires & Lamirar moticey

?ymmétrical about  the rotation  axiz. Looking  at the  tank

from above;  the streamlires appear  as clased circles
(Figmre). Thery the temperature of the outer border iz

inc reazed in a lirsar and conbirgous manmer (constant rate) .

¢

cd1r1~d ot by . Fultz at St Unidiversity of Chicaga'




T}'le

i -

following  evolution or  development if you w1dh, car be

clrzerveads

1

N

i"Firstlv; +hm spaad of +hw.f10w'@ili iﬁcreaée, Eut
always Qith clazed ﬁircular = émlinu:.

- Az the temperature gr*diwn+ combinues to be
inoreazed, the streamlinsz are dizsrupted. There iz &
transition period of dizorderly mobicon umtil anl
uﬁéymmetrical flow pattarn deveimps arvd becomes ztable.

- After_a pericod of time (with temperature aradients

.1ﬁrreaﬂlna llnﬁarly argd comtirgoudsly) & rew cdizruption

mf the streazunlimes te ka:vpiacet The flow iz

rl" .

disaraanized until & rew stable pattarn dmv~lupu.
= The zamse kirnc of Gantd are repaatec a rumber of
tlmu:u The evalution may Iw described az & succession

i | . .
of "stagez". All of thenm are characterized by a nearly

ﬂ@teady, slowly drifting wave patterm. The number o f

waves increase  from ore staoe be the next (From bwo de

@hbout five). .
- Finally the flow pattern will carzizt of & rumber of
irregular sddies driftimg.arauhd.

The analoaies with the development of the -nqn1+1v~

y?tz ms refarred o above are very strikima in this

expeﬁﬁmentu The temptaticn iz arest to apply the sane

Iénguége of the squilibration thearys

t

=~ The continucuz injecticon of heat from the outside i

the "perturbation” that the ﬁyftan haz to Mazzinmilate",
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¥ ’ ‘
b - At aathA”staga“, the duﬁlmlldflﬂn takes pl e by &
,e: [.: Lo . . . i .

i L b L - .

% Eimple hind of "aucommﬁdmeun"'of the structurs

conzisting of an iﬁcreazirg apaed of the fluid notion

i

witkiin the aéMe fIQW~Patterm' EENE structuké);

i‘ Nheh-thé pwrfurhdflnn (1n3wrt1un of ke t)fln-r‘a TeE

beyond & cartai thr,«hnld, na_"accmmMmdatianﬁ df’the*

;; 2wist i struttura;‘" y-faimilate it. Tha syztem iz
: ?ﬁiSEquilibrated. . " .

¥ - Reeq Jlllhr~+1un takez:platé‘when & more complesx
Cmtructure islget*iﬂ.
i The "perturbation” (heat flow) iz acting in a

; Cmerhiraous aﬂd_lJnnar mager s but the zys +Hm reacts

& fﬁigcmmtinuouély_by & éuccezzian of complete)

e

‘ reorganizaticons.

epet1t1ur" of the

%

i e It'shmuld bafpminted-aut that a "

‘m*”

P

3 g

i
T
ai
l‘+
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i
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Cof tks ;tructprez bt mﬁf exactly the =am
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intangiva'r E&'rﬁh iR th lwal, b cal arnd biclogical
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: - : o | _ .
temes carried muf by d-ldr g rmbeer of researchers in the
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ai
i

>par1mwn+ Wuulﬂ raprmduc&'tha gere-ml chnr cteriztics

24,

arg = ZHQWH a>'high de;raa of gersrality of
; i N . "4_1" . . B o
tpa:e-zwepz in the - evolution of opern syzstems. Az & gemeral
A

rgl# 1n phyﬁical’syztamz, imstabilities zet  in hwn the
o Y A [y > - :
t
I
i

G
leUﬁZ. I Garciai(199ﬂ). I maintain that in the coarltive

5t

1!1
Qm‘=

n social factors:z tabke the Plﬂu cof Yewternal forces'.
’ ) , . | Q ,
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jiénts 321&"+ed By exterial farte@ _excéed ~certain:
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| \ e
) -
Ihe avalution of natural systemz of hial conplexity, I
i Since 1976, I have been  doirg research  on nakural

systamns af far ;rewtar- cumhl&xity than  the one  just
described. The acoumnulated axpérience has provided encouak
eviderce, in  my opinion, thét ﬁhe above mentioned analogies
boztw eeﬁ the rotating fluid  experiments and the coanitive
gyztem are muach more tharn mnere 5Qperficia1 “1m11dr1+ ies. The
zysztens I have baen deallfa.Q1+F share with the ;ugnitive
'glztwm the three characteris Flgﬂ already menticned: they are
Aétuﬁal, apgn,_camﬁlex 5y5tam3{

The studies have_béen ;arFied out within the framawork
af a program called "Interdizciplinary Regeareh oy Coanpr e
Syztemz" and conzisted of & Fumber  of "case  studisz"  on

.

aararian regionz of Mexico ard Aroenting, sponzored by the

United Nations Research Inétituta for Social Developmant ~ 

‘r

UNRIHD arnd the Infurnmrlurdl Fwne'atian of Imstitutes for

t‘al.,'

i

t &l., 192E2a&: Ca ia

]

AﬂVdnuwd Study -~ IFIAS (Garcia
19°Ck). Studies  prior to  theze were . undertaken in Africa

( lian regicor) within & proaram called 'Drﬂuqif ard Mar“

fid

hah

reE

%pomaored by IFIAS (Garcia, 1381) .

In all cazes the systems wider amalysiz werse compaosed
Hf ezzantially thr&a subzyzteanz - in interaction: & physical
ﬁubzyatem (moil, rl1m +e ‘hydrolmgy), &k égrn prodUuwtva
;ub ;"PHQ (Frﬁp" and their azzdciéted taechhnoloay) v :a
9@-1u—ucUnum1r zubsysten (the  agrarian community, the

prmddction relaticons, the acting economic forces). Thiz

svoluticrm of  zuch systens waﬁ-_analyzad' with particualar-
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aromalies, 1n+rudu:t1nu Df mew «rnp“, charmaing t,Chﬂﬂlnq3dS,
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climatic

SR

. Thm' “y"fﬂm“ ae laquy qultw by g

Prigogine schocl. -
i iThe JmPHthH 2 we aszianed to this work was that in our

study cazes, vcmntrary to  the caze of  the S fluid  dyramic

Iy

bof 'thw djwﬂlpmkive. systens analyzed by the

experimant, the certer of  arklysiz  waz  the interaction

cazes, the humar . factor plqywd the most inportant role,

v
!

between the  phyzical anvifﬂhmaﬁtv and =ociety,  and in most

F At thef'ztar@; there was little hope that with  such

et amne cmmplexity.'thé systaemns  would exhibit in their

gvolutidn  any 1ﬁf the chmr*rteriztics of  Fiagetian

f brdt1nn fhuury we evern cdoubted  that  such ‘systens

Iﬂ_

mlqh+ belave var--“totalitieﬁW. in‘ tha MR ‘aﬂalyzéd by

It waarja 5triking:_”dJZQQVHry”'ta fird what °had n]=T )
. ; . , . _ ] !
1? el thrnuuh_ wqulllbrntlmn thgury arcl ﬂ1“d1Pdt1v~ syztamn
ag_guldancek in cur. research. Irv fact, e

% bebweern . the physical | envirosment and -ﬁqciety

yzte (&

u-

agrarian regidnz). did act &z a

0

totality inm o the Piaastian
P T
tpraugh "staaes', i

i

,.periadz of stabilized productices,

liviné conditicons, etc. Dizequilibrabicn t@ol place  under
sﬁruhé Faerturbations  of the type indicat ed akwve, But’ then

i L

the ,whnlw syntem would be  recrganized:s rew  kinds  of

TR

e e
A

etina) . The whole syszten werk
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relaticnz; rew Jnturd«+1nr" with the
i

The Jalue of comparative dﬂdlxb

. The accumulated

exparisnos with

phiyvsical =zubsyesten.

btk natural zy 2 h2m

and laboratory experiments would seem  to provide  ernauak

evidernce  to azzart  that the "zimilarities" with the
equilibraticn theory of coanitive systemsz are Lz

marifezstatiorn of dzap proceszes btha

éxtent the  functionirg of &1l open

wsefulness of conpa ra+1v~ arnalyses

%xamele of how FPiaget's équilibr

gquestiongs gaermans to open syshems.

In his b-ﬁl (el ] equilibr"tlnn,
dmﬁcépt “af

i

i 3 e tad Lowards
; :

Ard in  the "Concluzicn"  he refers

cormcepte. it the

i
"equilibration  majorante"

uquzl1hrdt1un prurpsee -cqﬂceiVed of

t determine  to a large
zsystaems. | Therein the

- I will ‘prezant ons

aticor theory organizes

Fizsget introduces the
referring to the

gz "a structuration

improvead aeq JJlJbFlum conditionsg” (p. 36).

to it ms "the central

explanation of cognitive developmaent (in

the history of scisnces az well az in peychoagsnszizs)" (P
S . . . 3 .

170 .

. Fiaget preserts  Lwo maits qxe~+1un5 arizirng from thiz.

Cuﬂu;?tudl i

- Sirce,

a

(p g 1700 .

ccarding to the o ef1n1t1un, reequillibration
1nv~1v_d actionz having a gernaral teleononic charachter

/.haw iz the election of the cbhjectives to be explainsed?
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o I w:ll nnt wnfwr 1H+n 1hw unﬁly"z“ of the dr TWEFE Qlven
hy F1 ast Lo tkese _q,e§+1gﬁ5;.My ‘nnlv FUurposé ber

i _

iz ta

QEmrqanizatians arev indesd  two dumihaﬁt Froblems o ir

15quiiibr't1un thééfy arnd they are alzo prnblémS”Central te

”hnw thd* +Pe zam% ki mf-qué%tians PFEEEHt_themiel\es i

the quits 'qiffékent'typez»rmf:ﬂpém 2% me" we have analyzed

-zqhdff thersa equilibratidm theory  appesrs  to vield, very

7 “ X 0 .u<

<prnr1 A dﬂ WHrd.
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- ‘ELetﬁ uz - conzider once Cagain the  rotating Cfluid

S L - , . ' -
wxpwrlmwnt CThe funct;mn,“pgrfmrmed by  the fluid is to

9
b LT
i

trdn:pnrt +h~ ke tvfrﬁmv'+}e cuter o the irrer bordér. Ih.

éachiﬁﬂe of the Mmtages" we dezaribed above (“tﬂrtlrg w1th
I . : i . . .

helicoidal motidns,"_chﬁmqnng 1n+0 wave . patterns Cwith  an
A . ST .

iﬁ:rgaainq‘numher nf meuL) thu Tluxd mufanr, aclopt the mno=t
; ;

will tranwpurt'kthe heqt fore

:y‘ , . . s
tihe aiver twmpwraturw d1frurwn-w L +h thdt mom&nt.

YAt sachk sta'e the increaze in tempeﬁatura difference is

¥
n-

it

)

bv 1nurﬁ"ﬂ1nq Lha fluld speed without changing
fhn flow pmf+ﬁfn, Az the ﬁemperature differemcé‘contihuez to
1ﬂ|r"?e this dCL“mm“dd+1HH" mechan1dm does ot ”uffl ce o
QFaﬁ%part e iaby heat, whichf,aﬂ» & éor"wquw Mice  im  then

gooumulated  at  bhe outer: bﬁrder snta tlizhimg' a strong
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temperature gradient that de-stabilizes the motion. The flow

beecomez irregular until the Mt patterh iz ezstalxlizhed
i 0 . . ) ) '
which iz able ho by d“uP“Ff the haeat at a higher rate leacing

Frocess amd  Fis gget's question "How to explain the electior

of bt abjective?ﬁ ﬁ_equnlly dPPllCﬁLlE here. How does tha
flui& "knaw" which_atructura mfvmﬂtimn iﬁnhég to adopt to do
q heﬁte& Job of trans purflna the heat? The_answér s simpla

%nd ~11m3r"t3z any-aushicimm of teleslogy.  When bthe flow

becomes unstable, +hw irregular, random motion opans the way

b=
il

tn &ll u551b1~ flow  patterns. However, mozt of  thean =
urztable and  only zome  trajectories of the fluid particles
will bz stable for the temperature graclient existing at that

-y

moment. These are the kind of trajectories that remain and

that establizh the e ﬁtru&tuke of the flow.

too&  rew ztabilized stage. Thiz iz clearly a telechomnic

Aftar  this explanabicon  we CEKF YN SENTE of
arthropocertr i ar teleclogical expressions  sush an: thuz

ﬁluid "learns" 'by trial and error;  the fluid. "adopts the
tLEL Structufa ﬁo ﬂm the 'jﬁb";m the  fluid "creates  new
:trul+urw"" aﬁd Ed_on.

We may alz=o gﬁ back-naw.'ta Fiaget's texts with =omne
cluer ta uncaover the maaning of zome cryphic statemsrbs. In
My CIWE expérienca,_ the above sxplanation khelped me .ta

Jnd@ retand, for ins +ﬁﬂLHs Piaget's view of the foarm in which

"the pazzille"  fulfills its rales in cognitive development

(ag. exprazsaed  in his  posthunous books an The FPossible and

Thie Nec@snalry) . In tha  "Gareral Comclusionz® of the volune
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"%he Faozzible", Piagét (19%1) asserts

kepﬁrted there  renewsd the equl lilration e 1 '"by

ldJﬂlHq the  mechanizsn of  resguilibration by an internsld

dynamic, SPECifiC to  the PH”TIblH, arnd  such  that each

2 riovelty consbitutes at the sams bime & conshruction

ny
—
v,

ﬁvarlmHﬂt provides  a modsl, it omy | opimice, where thisz

ll] L,

prezwnf Fiagetiarn gersetic epiztenclaogy

«:me

shat cryptic

m

tatemant acalires & clear meaning.
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IV. - CONCLUDING REMARE

I bl precédihg zecticnz of thiz paper I attempted to

i

o~

ﬁ_!
1

oz et theary

deeply immersed  in zome  of the omost fundamental  problems
1 It .

that thave besn the concern of | science in our certury. We

I

0

afer

T i e s

-

red to twoe of such problems:

= The first was about the relaticn betwssn emnpirical

]
e 1)

Facktz amd mathematical theory im the interpretatior

fthe physical world, Here, Pilasetian comstructivistic

“P 1 izhemaloay, with itz comceptualizatiorn of & agsrnebtic

.‘“

s+ ucturalizm, provided s answer to bhe qu_ﬂflun, that

wnplricizm (whether  of the Carnapian or the Russellian.

ﬁbr‘nd ) left unsolved,

= The second problem was related to the increéasing

L

mvidencs that open ~,y'tr--rn,,,":,nr“-_]n...-:t Lo oot imuous

dnteraction with the "enviromment” theough excharaes of

Cimatter, erseay,. information, etoc., aevelve throuabn a

w

waries of succezzive stage

Cthat b u;ultw

Lan apening“. The | ztakdility theory of the fluid

of self—uernl aticr, quite

a0
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s in line with the Piagetianvthéury of equilibratice of
coaritive structuresz. -

X submit'v‘that ‘ha ather epiztemcloay haz  similar
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redentials’ as & scientific  theory of  the structure of
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krowledae arnd &z & zolid foundation for theoriez with
which science endeavours to explain the shtructure of the

world,
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