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Thi5 revolution implied a drastic change in the basie

doncepts o~ seienee. It was not only that some concepts were

iubstituted ,by o~hers~ Blthough this was also ~he case~ In
'!'

t~e Theory of Relativity. fOt~ e::-~ample, "spa.::e11 and "t.ime 11

. ,

~Iet-e"~"eplaeéd by "spao::e-.t.ime". That seemingly superficial

substitutio~ had profound implications.

,The ne~ concept required renouncing customary idees
r ~ . t .asso~lated wlth the concepts of space and time as found in

.r
what. is u~~;I.~a11y t",=fel.-red+':.0as; "di.r'ec+';.int.IAi t. i '::0n "• Ne it~.het"

I
h!eNt,';::'nncet" his fClllowers t.•)OU9.-.i:. t.he daY~Jo,.~ld ee:.mewhen

'.....••

those intuitions were questioned. The idea of a "real"

absolute spáce where all bodiesáre located had already been
;¡.. , . ~

,l' :

que,:;t.,i.::onedby Le ibn i~~(1720) :;;~.
,1 ,...

~hake Newto~ian physics.

but his critique never carne te:.

;'

Even one of the most.brilliant minds of" the century~
.,
H,ei:;.:enben::r.! h~'\d in t.he

jI

¿one¿ptions. In ene e:.fhisautobiographieal be:.oksHeisenberg
,i
,~
i1972) writes of a dial~;ue he had in hi~ youth with

in whic:h he declared that while the
; ..¡

mathematical frame of Einstein's theory did not cause him

he' found i t incornPt"ehen~::;ibl,e"t.hát.a rnovin';;:l
!l

ob~-;et"vet-m i,~~-,t.undet-=;t.and .t.h,=.wr.:.rdI time 1 di fferent.:.ly ft-coma
,1,::,t.a"!:. ic,nat-yob~:.et-vetO,.I1

,"1"-' -...-~l'~_~R_-'_lf +..~ll'-.- -+~+-rll-t ...t'o- r _ ::, .'_' .,.1:; 1:; , ," in a very short time

1,
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of the gre~test drama in the history of physics. 1 ~.;ay

"drc\ma" becc\w~e it.rneant.the definit.ive renüneiat.ieonelf t.he
'C

in the comprehension of t.ha

¿onstitution of rnatter.More than that, from this moment
,1 ,onwards, th~ very notion of "uhderstanding" w~jld change in

rneaning.
iIn thfs respeet 1 would like to refer in sorne detail to

a di~logue ~etween the young Heisenberg and th~ great Danish
'l'.;

physicist Niels Sohr. It i5 well known that Bohr enunciated

á thaory 6f the atoro, still taught today ih secondary
.:1~~,ch':II:lls, acco rding t.owh ieh t.he.él t.clln.l.:-:. ec'nceived a

~lanet~ry system in miniatu~e. At the centre of the atom i5

much lighter electrons (particlss with a negative electric

~harge) that moya around it asthe planets around the sun.

From the p¿int of view of classical physies, sueh an image

¿f the atom cannot be sustained because if the atoms were

indeed thus ec~stituted, mattar would not be stable~

At the beginning of 1922 Bohr was. invited by SOffimerfeld
.¡

io G6ttingen to deliver a series of lectures on atornic
,¡~heoty. Boh~ was impressed by the question€ posad by young
:~p .l~eisenbet-'3,thenast .•..H:lent".and it",vib:2d him t.owalk v,tit.hhim
.! ' -.

Heisenberg eXPfessed his doubts concerning

i:.he
" 1con.::ept.i()n e.f t.he at.qm as part.ic:les

charged wit~ electrieity - the electrons - that actually
move around the nucieus (H6:isenbet-g, pp. 64/65) •
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Bpht-'s t-eply" roet-its '::¡I.wt.in';;!in fl_dl but. I shall '3ive only
, '1

. il

is stablE.Newtonian physics cannot be
ti

~orrec~ at a sub-at~mic level; at most it can give us a

st.al~t..ihI9F'cd.nt,:::;'.And, -FI:W t.he same
!

atom,since such a description - precisely beca use it i5
; ~.

visual,- has to be based on the concepts of classical
] 'iphYSics~ concepts which no longer enable us to
~,;

Vou ~ust realize - Bohr cc~tinued

1

Jr
,1

I
- that'the attempt to formul~te a theory of this sort

i5 a task that i5 ª priori impossible. Because we have

80 not ha ve s language which can make what we want to
ij

say '=om'~'t-ehen;;ible.11

atoros that you have discussed and even justified in

YQlW le"ct.ures e,f t.he pa~~:tfew days mean? What. is it.

t.hat YOl~ ,"ea11y want.ed t.CIS',ay?1I
/~~i

',1'

11The~~e "irna';;;H:s- BQhr t"t::P 1ied .-have been deduced or, if

vou prefer, 'guessed' on the basis of experimental

facts; they are not the fruit of theoretical



possible in the visual language of classical physics.

We shoúld realize that we cannot use this language here

exceptjas poets do. lhey also do not seek to represent

facts ~n a precise ~anner, but hope'only to create

,imagea in th~ spirit of their audience and to establish
'1 il

¡i::':.nnE'~cficw,:-!.at.:.t.he lev~"E!lof ideas." (ibid).

Thj.s t.he

the epistemologist than any treatise on t~e sit~ation of
,.

~cience in ~ur ~entury. Boh~'S comments posed what appear to

be insurmou~table prc~lems: if physical theory 1s to be
.J !~

~ccepted an~ it implies renouncing the ~once~ts of solid
!".

"

rriat.t,.::H",t.ra'Je(.:to't"i>:=Sin :;P¡:-;(I=,~-.t:~irtlear,d c:alméllit.y. ht:IWcould
I

it be validat.ed by meéISW"erne!t"'f.:.swit.h inst.nunet"lt~~t.hat.asswne

these concepts? What kind of world is the werld of physics

ft.? What. kind of' "knowled';1e" j.s "!='hysi'=alknowled';le"?

It was Russell, one of t~e great'philosophers of this
i;

¿entury who attempted to previde an answer to 'the above
,1 I

: ~ ': 1]~ues~ions an8 te extract the cc~seguences for.t~é theory of
Ikn.:.wLedo;¡e.It., 1927 t.he sarne yeElr t.hat,saw t.he culrninélt.ic,nof

,
t.::'het"eseat"Ch.i::'nt.he 'st.t"I.~.=t.'-H"e(If the at-,:.rtl- wit.h tJ'II~':¡I.~ant.,-un
the6ry of Heisenberg - Bertrand Russell published his book

¡.

Ihe A.!:Laly_':..;is o, Mat.t,:er (F,ussell, l'-::r27).' á "tolwne n.:,t.rnt.~d"I,(,

;!',



¡ !

t~ead by phy~.;ic izt.z be,=au:;e it i<:: vet"y phi.1,::o:,;.;ophica 1 and nc"':.-'

mueh t"ead by phi 1. t::t~CI¡::'~-let..s I:lel=al..~Se it. cont..ai ns a lClt. .;:.f

6

~athematic~. Russell'stheory can be summarized in a' simple

~eant that physics can tell us nothing about the. nature of
!1 I

.Lo l •...•l.,y~_.~l' ,_-,,; 11~.f"le ,..f • •••• Wüt"ld beyond the tOe 1at.:i. Ctt"IS

'.It $hol.!~1d be clear that this formulation

• ¡

17epresented
!\
t~'~"Ie:I:ttties.
f~
Ü
:l

ir. the mathemati~al fr"arne I-'JCIt" k

is t"adically

,jiffet"ent. ft"orn ,t.hep<)5it.iün inher i. t.ed ft"mn tht!?sevent.eenth
.(

"~ent~ry.GaliIeo (1632) had stated that~
!¡

l.comprehended unIess ane first Iearns to understand the
,

langua~e and read the letters with whi~h it i5

and the characters are triahgle5~ circles and other

geometiical figures without which it i5 ~~manly

'impüssible ~~ comprehand a single word of it •

. .
:l ~','

1;8a1i1e'1":::;p,:'sit..ion.::eln1::.i~:;t.se,f shc1wing t.he ne'::es.sit.yof

expressing hatural phenomena (which are studied by means of~ - :

Observation and experirnentation) in mathematical statements.

of nat.ure are expres5ed~ a lan9uage that gives them greater
interrelationships be clE~at.ly



opens up . the possibility

"'. ff:'

t.het-e", and •.'which i5 knc.wn J.1ASt .. ~.S:.;. it.i.?t.ht"I:ll~¡:;lb obset"vat.ion

ahd e~periméntation. The tradition of Gal~leo'Was taken up
I .,,-' '.

~ " . ~ J.. .•

I~.s ctd.ef e:~::'ponent.~JC\s Ruck,lf CatTlc\P.

Let. us now l.;:,,:.kbt"ieflyat why neit.her R'uz.;z,el1 C,t-
,i- ~;

Carnal=' Pt"c.vi'd>::da sol i"d fc.undr.\tic.n t.e. t.heit- epi~~t.ernCllo';;lical
, . ~

. -ji

theor~es. R~~sell's

the

"!i:

wÓrk, f,)e.r.. 11.r.:05.li~;~:r!!=_P¡I..~fbª-!L-.fJ.!.!?t-WeJ...t..•._ pl.:lbliz,h,:?d ft-, 1':;'2:3 ,atOe
...,
::~ -

most rélévant works to b~ considered4•

We willi, be':lin wit.hRt..~s'E.;ell.'The t.hesis t.hat. ""le onlv
1.'¡

khc.wt.he st.n.~I=tu-re c.f' t..he. ;phy~!.ica llo'J.:.t-l d "-"Ja:':;,demol i :-::.heda

f i'.' . i
year laterby M.H.A~ ~ewman (1928>, a mathe~ati¿ian not very

. .¡
i~-,cl d-,ed t..Qwat"ds epist.emolo'3Y, in atO,art.i.::le 'publ i:.;:.hed in

Mit-,d.' Newmat..... d.:?vel.op~, hi.s 11::";;Ii'::alat'gl..~m;=nt.wi t.h.t.he utrnóst.
I
i

clat-it.y, but. I will not; pre~~et".t. it.. in fL~ll' as what is

i rIlPot-t.ant. fÓI'-
.:i

the present discussion lS his Co~ciysion that
"~o

F\C~ss.ei 1 I S U2'8ot-Y i se i t.her, t.r i v i al or fal se. The, fundament.a 1~ .~.
,<"j :. .~<

réa::,on
{

"

w6rld~ we know ndthing.

"';.,t -::. . "Jh SI b:::.~;br'. tt .._. t..~h •t.'::"Ó f. ' t_.}:., '""_-J'. r ""'_.'J. ~-::!rn•.......t".t..~....:_.'_/~ .. 1' . ' .. __ ".~ ...r.l'= ..1<:\ .' •• f .~ _. 1", _ ~.

,,
can~ be ,organized in. a manner satis~yin'3 the.

st •..•.A.=t .••we. TI''',et''erc.t-e. ir we d.:) t",,:.t. know a •...'y"t;.hit"I'Etel'~e,' t.het-e
'f

.,.•.:. -,,~'.•. .,,



.:.
'-'

Newman hent a COpy of his article to Russell~ who

Many thanks for sending.me the off-print of your

stateménts to the effect that nothing is-known about

. !
false o~ trivial, and I~m somewhat ashamed at not
having noticed the poirit for 'myself~

It'is clear -that the ~chilles heel of RU5sell's theory
was t.he w.:wd ".:.nly". To be able te say that the structure

w6rld? we need to know 50met~ing more than the structure.

Russell never mentioned Newman's objection. in his later

wbrks~ He w~s to ~ormulate the position once again~ in a

Ji jo/'

Ib': .f'hil':I~.pphy"""e,f'Bert.r'at.eL_F<';:!~;g';el1(P.A. S,::hilpp~ (E.:-J. ) •

"The ihferensé by which physicists pass from percepts
¡1

t.c. phy~;!ical "~Ibject.s(whj.chw,: a't-ea~;~.;umil'''19.vcllid) conly



+;

;}~

t.he: p¡'-;'y~;i,=al, wcwld as .. ':íh:lér~d by rnr::!an::~c.f
j;¡ - '

:j4' . _o,

t-e1::.. t.l-:'C't~I~.-'., . '~'-".rnF.t-'::'<: .•-:'t-'I-,::.!~5 d t . .t1: •• , - ..,..- ••• _ •• --., al'''" con _.19Ul _.y.
;:1

+'~

Bey.:'nd '=et-fain

iivet"_y a:g~'::+-.t":tl-"",' rnat.'~"f.:~rnat.l'•....::.1 F,.t ...•...iF.•,::.t-t l' '~~'.. ~.. C;....... .; : -"'.\. '.. - . . - _1 =' phy::;ies can t.e 11

there.are indirect

.. .,

1as t. ph i 1O~;;QP~Üca l' wo:o d:: , (Rus se 1 l'~

nót. e>::pli d. t.1Y
:.l :~

':In h1

F~c,t-.~>::amplé,: .in't;.he chapt.et- ent.it.led "Th,= Wcot-ld t,f Phy~.;icS"

.r.
~..

-l:
., .J ~i:

" Mat.hertlat. i cal F'hys i cs'.::ont..¡:=dns E,l~.=h •.in i.mrnet"I~~e
j; .

s upe tOo ;:,'t. tOo I.J,=t.I.~t- eco f
, '.' .'~

').¡

7tends ~o be obscure:d.7 Itt~

,
i~~,,heot,aJever, an empirical

~;t.udy,",and i'!:,s empírica! charac:t.er appeEII'''S';m':;s'!:.
, !'¡. . ,- . '. "" ",:unequLxoca~ly where the physical co~st.ant~ are

;1';

c,:wl.=et-hed." (Rt~'::';'.i:;el1,.1'3'4::::, p. 27).'

~;"

'1,.

in _ ,1:.he

rnanner=

:t
"Cc.ns ider a t. i cin~:; dét-i'Vit"t9

:physic~, 15 mueh mOré abstractand mueh meore infected

,w i t.h 1;~;9i e t..han i t.WC.I_~ J.d ,:::,;ó.=•.=rn •• , Ther.= i $, hc.wev.::':t-, C:t
J:i ~'
.~ I



very definite limit to the process of turning
¡

/

/

10

physic~ into 10gic and mathematics; it is set by the

fact that physics is an empirical sciene€!. depending

for iti credibility upon relatiohs to our perceptive

sustained. In my view~

them by his empiricism Cdespite .the fact it did become
)

weake~ over time). Perhaps fQr thisrea50n the final chapter

clf t.his lar,;t.phil •..)sc.phical work' i5 ent.it.led "The Limit.sc.f
1', .

Empit-icisrn". In it. he .,;;t.at.es"_it. rnl.~~;tbe c:ldrnit.i:.edt.hat.
Iernpit-icism as a t.heot-y of kt-,c'wledgehas Pt"oved it-lad~:!qt~at;e".

"

And he adds - per-haps as a b:w,~;c:,latic)n-. "••• t.~"I'~'''~'::lh],':E!z:,s sc.
t.har.,any c,fhet-previc.us, t.h.:::ot-y':., knOltlledge"• (F:ussell~

' .
.:;,1,

1 would hazard a 9uess that Russell arrive~ at the very

Let us now look briefly at Carnap's position. Carnap

(1928) makes some statements that rnay appear to parallel the
s.t.t-uct.I_~t"'a1i:;.m. and even have



r.

/.

11

(Carnap, 1928,. P~107 of the Dover editio~)

forms and~an be representad ~s structural

it~elf to statements~bout /

""Piao;;¡et.ian flav.xw" disappears when we 90 ~losely

l'","',t_.,-.' 't 1.- - t.""A.=. '.': 'f ,-,r' '..,¡ l",- 1.-,' 'a- .:/t'"" t "'"I'n""'t-, t1: _ i,."rlt: \;"'_,._.J _, .J '1_._1" , -' '\oo~ •• ' __ •• ',.

ii " ~l

CatTI¡:';¡p's t.has is, a.::ccH-din':;:l tc, wh i ,::h" ',;;'::i en'::e c'n l'y dea 1s
j,;
1V

with ,t.he . desct-ipt.ic.n of ::>t.t"I..H:t.I..n-al Pt-QPet-ties" c,f c,bject.s"
;j'

should be ,1" ,
F:ol aced in t.he, c:ont.e:,.::t of h i ~' mot.e~.::!t"lo:::ompao';',;';in';;;,
:~

0;1:0 t t-'ano;f,r.:'I~I:ned
-¡':¡

,.
i

t.ha.t., it. l',;;'n(LL.!:::UL:~a:.....1:.!1At.a ~;t.t-'_4,=t.I.At~e',;;t.at.ement."
~\ .

l. ;'

Ct.heemphaz; i's, , a surprisino;;¡ and

"

'-1'

p':'',;.;sible. d:.; ii j.mpen~t.j.Ne. -Fc,t" ',;;,::i':?t1c,: want.~; t.e. sP,eElkabc'l4i:.
11.,

I i:,1
W,hat. ::is obJe,::t. i ve. and whalt.evel'- ,does nc,t. be l'6r .••;;¡ t.e' t:.he

l.,:.

~;it.t'1.4ct.lH-et:II:~t t.,::, U"JI:: mat.el'- ial1 (i. eh,

sub je,::t. i vé"., (Ca t-nap.
,,!

[:',ove r', ed i t. i '¡:;n) •

'Xt.
,

r¡.

i511 well t.halt. in empiricist
; - .1

ep i st.'emc,l 09~', know led':;!e z; t.a r t.s f r e:,m ¡::,,:? t" .::o=pt. ,1CW',S 1eaó in9 te.
. :

1I:,:;.st.ensive.
1
de.fin i t. i c.n~•.u preblem~e had te face .was

" -,
" '1

how t~e kno~ey went from .thare to structural properties. His
:>
;',

re501ution léd to a truly monumental constru¿tion, but it
Ij

fell ~hort )of-the target. It ffiust be said that his was an
J;.
j;.,

!' ~onoJrable*~aill4ren With ad".ir'abl~ honest~ Car'nap ~ecc,gr)i%ed
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,-l'

1....
..::

his
:; , ~I

fai hwei, ánr:1 toad>:=! In fact.
¡'o

in his

,.
t:t-ace c..f t-hi'.::; reso1l.~t-i.;:1t"1 t.eroain~.;.a1t.ht::.u~;h hi.z';,ero¡::'it-iciz:,t.

l:::iot'"IV feto ionSl :$t"clyedint.cict .•
,. . . "- ~.

'¡11

:i(:arnap !'and Husse 11 were nCet. t..he cenly Cet"leSwhce an° i ved
jl :0" ,

~t. a ¡'st.ruct..'-H'ali~.;t. cOt'"f1:::e¡:;::t.!t::.n
tI. .

the-
.', ~

Qf scienc:e ft'"o~ empiricist

'e>~arople wi..t;t-lin present.-day

i~

ero!=,ir" i. e i st .• , ''':.ce
~: ,1" • ,.,

l
u:,je-'o;:jl'n-:.",:u• __ .,C, ••, "e:.f.- eroF" i 1'- i e::: i i;ro. The for

i!"
l't"lst.ance, clc::ies i-,ot. di ffet-fn::em RI:.4~:.se11's: USt.r,-~ct.tH-e is what.

niat.t.ers b::, ';,a t.heo.t-y,
, •.;

e:.f i't.z:, c,bjéct;:,'1

(''j '-LUltle.
" " .Í' . .

.ahd .F~'-4sz:,el1:;!,bc.t.h.held U-,isp.::e~.;it._ibn befOt~ehe dfd.hé point.g
J(

l:::.utfhélt.. t.ho.=Yreferred e:::enlyt.C.,t.heQrEd::.i~_:E!~~.bject..~:.. at"ld ad&z
,.qn the ~_'i

same pao;e.. '''1 t.c, . c.bject.s
!'~

genet:allY. ffcer 'I~tee 2111 c,bject~~ as.t.hec.t"et.ic:a1". .Ihis

of ~hem é:lre rel~ted on1y

roots of the difficulties) . .

';".~: ~U~.z.;t.at-eroF.:mt.rlEl'::::e1v.ez.; ftwt.h>::rc larí f iCé:lt..ion i.n anot.her chapt;.!=t": '. ~~~
l' .i

'~BQdfes and ,c.ur
.,

"

~;,t.t"qd'hH"all'~ and c:a"I.~~:,al1yandt"le::ci:. by a shat~ino; Ci'f'=lual it.ies"
i",:

~ 1"
((;~ui.r,e. 1'~~81,p .177) •

'::';'.!I.Üne~iS "::¡uit.:.e .awaré
'n

fa'=ed by
If' -..

i

p,t-Ct';3traromet.hé:lt.-he defit"léS as "t.t'"at~l$lclt:il:.n e.f e\11 disc:ceut"~-:.e.
¡la t:II:'Ut. t.he ~\~t.ert"la l. lNorld . il"rl::.(;. t.enn'?; c.f .':;ense d2lt.a ,~et.

¡~.

t:hec.'t-;y •. and¡ 'J cegic 11 (OI.4ine. 1'::H::1. pp. :;::::V84). Th i si sel ear 1y
I

1,.

i;

'ín U-,e saroe t.•:':!::-.::t .•



1"

I"Cat-t~ap a,=hieved t-eroat-kabl,:feat.~.;c:of c,:.nz.;i:.t-•.~ct.i.:;tn,-;::,t.at-t.ing
~

with'sense data and buildin~ explicit1y, ~ith full Principia

w.:,r 1d". Qu in~=c:onc.lud,¡=~~:'"Ot"H= l"IlLmt. in t-he end desl='ai t" cef .t.he
.... '.i~ " . . .
jull'definiiional reduction ••• and it is one of the roerits of

t.he A•.~fbau t.hat.we éan r::.eeft-oro i1:.whet-e t.he c.bs.t.ac1es 1ie"

1. :)

ir

19EH • F'-•.. :=:4) • UP his coroments with a rnost

rernark i:d:. 1e "The eropit-ie i:-:;t.'So

e::-:;pet-ience.t.h•.~s irnped.::::::;t.he vet'Y pr':'9t-aro .:.'f 'i"ed•.~.=it-lgt.he

¡'ilor1d :1::.0 eh:.et-ien,::e"• (Qu ine, 19:::1, p. 85) a

¡,,.
However, Quine like Carnap~ takes ostensive definitions

as t~e starting point of know1edge, but he rnakes no atteropt
I
to b~idge the gaps in the Aufbau because. he 5ayS in another

reconstruction of the

an attractive idea ••• (but)

t.hat.it.

wc.t-ld ft'orn

convinced,

i'--r-r'"- d-t- . 1'-l: :,-= 1.:...'= c:\ .d. d" ":,
!: .

,
reo;ret.fu11 y, cannot be done"

1 aro

(17lu i ne,
;

i981J PP. 2i/23).

i s i;.aken '31~ant.ed anc! t.h,;::
"¡'

epistemologica1 problerns faced by Russe11
.1,

iscienee. I~l the chapter
p.24), Quine says:

"Eropi t- ica 1 Content." .(c!'-~ine, 1981,

an i.:lea,on,: mi ':;lht.nat.l..u-a 11 y z:,ay,Ot- a c.:.rnp1e::-:;of
"

/ ideas. ¡'But the most practica1 way of comino; to grips
wit:h ideas, and usually the only way~ i5 by way of the



, ,
"

:,.
/

words that express them. What to look for in the way of

theories, then, are the sentence~ that express them.

'There ~ill be no need to decide what a thebry 1s'of
, ~ '

when to regard two sets of sentences as formulations of

the sa~e theory;, we can just talk of the theory
:f.-.rrlll'l':l

jt.l' '-'r'I':::.'"""1 ',_L",I - .•••• c:... - .., .~\__ ..4_f.

T~e relation to be analyzed, then, 15'the relation

between our sensor y stimulations and c~r scientific

14

t.hec'ril' f,:,t"rnu1atoi,:'ns:t.he tOe1atoic'nb,at.weent.he
t

.physic{st's sentences on the cne hand, treating of

;gravitation and electrons and the like, and on the
"

other ~and th~ triggering of his sensory recepto~s.

So, his analysis begins '~y looking at the sentences

rnost direct.}y '::'::'t",nect.edwith sl=n,:,~.:cr-y~;t.irnl_Jlat.iclf~IH(p.25).

{ Thi5 r~ad i5 not free frorn difficulties either (see,
1: i.

fer instance. the
I~
i¡

19E:~:.). But .•
" '

even

e',;;sayby P.F.Strawson in Hahn and Sc:hilpp,

if successful, it i5 hard to rejectthe
I 'j~dea ¡ that ~he fundamental epistemological problems are
i ;1

dismíssed r~ther than solved.

~n insurrnouritabledilernma presented by modern Physics. We

the constitUtion of matter. The t.t-adit.ional

:.1:

'. I~



I

"St.t-l~.=t.l.H"al de::-;(':t-i pt.íons 11 w i+':.hout.emp ít-i.::a1 Z;l~¡:::'PO:It"t., whích

1•..,.•••.1

is necessat-i.'ly based on int.:.uit.ive cc.ncept.s,
.1

Gen~tíc epi5temology offers a way c~t of this dilemma

based ':Wl t.He clnr.llysis cef i:.he COl'llrllOnC.t-j.9in~~ úf cc,l~::~al
1,
1:

logie operatiQn5. Píagetian theory of
Icausalíty i5 well known and 1 will not dwell on ita The

1.~.
:.> at the very beginning, but it i5 not

hang~n9 in ~he vacuum.
,; "'. "¡ ,

sen50rlmoto~ level,
;~

The .pat.h from action, ato t.he

cc,gni',tive i:n~~t.t-umet-•.t.s, t.o physical t.heot-y is lc'n'3 and
i!

1~borliou5. ~ reconstructíon Qf ii:.i5 far beyond .the scope of

i

II.~ THE VALIDITY OF PIAGETIAN EPISTEMOLOGY.
",;1hiz,;t"'-¡'Ü"I';lZ; rn.J:!.tc. th.=-:!se,::ond '~:.herne.:,'f my PS'P':.H-. "'.Iha,,:.is
I •
l'

bhe epísterndlogical theory of Píaget? In the analysis of the

ther~ are t~o dffferent questíons t.hat require particular
'j ,

at.t.ent.lon:

,(a) The epistemological theory as an organized totality

that may províde an explanatíon for the development of
" . ':.i;COgnltlve sy~tems.

I
(b) The basíe assumptions of the theory, méking it a

,z.;cíent.i',ficU-.'ecct"y;'i.n t.ha+.:.t.hey .::.::cnfet-c.n i+;.ar.
i ¡i/ ~mpirical character, whose areas of experimentation are



.geneti~psy~hology and the historical-critical
. ,

analysis of the history of science.

16

has been dealt wi~, exte~sively in a volume on

totality - will be the fo~us of my examination of the

~alidity of genetic epistemology. My insistence.on referring

io the theory as an organized totality has two reasons. The
I ,,::ól'''I.::el'-n.?:!d\A.l i th th.:::.narne 11 t.heC::t1"Y".Th iz,; wot-d coVet-E.

too ~ide a spectrum in scientific writing today,

~Pinions and ideas that attempt to explain a given and
i! ,

hi g.",1y t-est~.I'~i c.tedphet~II::tm'?I'~II:ln.

Withou~ entering into the question of its degree of

~ali~ity, 1tbelieve that it can be said that Piaget's theory
coherent. bc.dy, with a high degree of

íntegration~ that
"

appears as a system explaining the
! :.

fundamental ,pro¿esses that intervene in the development of

~nowledge, 80th at th~ individual level and in t~e history

¿'f SClence.

;l!:'

it the thesis of Pierre Duhem, elaborated by Quina

(with which 1 agree enti~ely) with regard to the validation

".
Although he has referred to ~~is thesis in

numerous contexts, Quine formulated it in its sharpest



_------~c':_",- ----------~--~--',
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/

lo ': •.J.
"almoit provocative - way in his wall known paper "Two dogmas~~
. ,

c~f er~pit-iciim". Oui.ne'~::.fot-mt~la
i

I '1

"Out" ~.;ti.':It.eme.nt~.;about thee::<ten-,a 1 wot"1d f ace t-he

tribun~l of experience not individually, but only as a

The thesis is clear and totally anti-Popperian in two

sanses. In the first place, it rejects the idea that a

theory is a .~onjunction of statements that can be separately
:~

dorroborated or invalidated,
.i fst.at.ern~::!nt.~!oi!~:; r'efuted, i:.he whole i:.;:.r€~fut.ed. Secondly, a

':"'-':;rani zed b,:"jy and when it. fai 1~.; in e,ne

is nc.t ato al 1 c,bviou~::;Whclt. It. i.•..t.hat. has- ..,

/1,
an

failed and why 1t failed in this particular application.

;

have fa~led insome particular seemingly

Let.
,.me develc,p t.hi5'

even

s.econd p,:,int.

in fi ~=ld:~ of
appli\::ation t.hat. appe¡;~t. t.c. ent.er nat.ut"ellly int.l:' t.I''',eit'

I

dc,rnain:.;:..F,:,r'e>::clmple,N.?wt.c,n's t.heot"y ,:.frnc,t.ic'n/';:lravit'Clt.j.on
'.

cannc,t e>~pli.':Iint.he "ano::,rnalou~;"rf,overnen.t.c,f t.he z.;malles.t.c,'f

the planets - Mercury - althciugh it did perm~t predicting

the existence of a planet unknown to man at the time.

Neither does Newtonian physics apply at a sub-atomic level.

B'L~t. t;.hese a't-e not "p.t";:),:,fz.;"t.hat. "t.he t~h~?ot-y is fa 1se ", and

when these failed predictions are set. side by side with our
ability to ~end a space vehicle te Neptune based en these

The



t.aken by
"
~<

t.He j '::'t~rney at"€:! all t.he

/

r
of t-he

iolid theor~ that is Newt-onian roechanics - and t-he vessel

t-ead-.'ez;Nept:;i...Ine,w iU-, i1"', U-l.? t. iroe pe ).-ic,d o::: a1'::'...11elt.ed!
:¡
,1

The qu~stion that should be Bsked with respect to a

theor~ - a55uroing it is a theory forroulated in an acceptable
'.f.ashi.:,nand'.,has been st~ccess fu 11y aF'p1ied itOO,el''3iven nurober

cif instance5 - i5 not
Ir.,

fals~, but '~ather what¡.

whet.het-

is its doroain of

i t. i5 tn~e

In
l.. !,

which situa~ions does it cease to be val id? What are the
:1 .

~actors not taken into account by the theory that should be

111.- EQUILIBRATION THEOR~ AND PRIGOGINE'S DISSIPATIVE

STRUCTum:s.

15 a

wl11

lt

1

bt,dy" •

of

t.hec't-j. es,

,. '::Ot-P'::'I'" a t.•:?

and evo 1ut.iCet",

as a

I~l•..~ine I 5Following,
"
,i ¡

c'm-.sid".;: tOO9.~neticep ist..eroo1O'~y
l'

~ ltheot~Y C:lbout.~,

riaroely the ~ognitive system. The detailad analysis of" any

partof th~ theory wouId be entirely out of the scope of

1wil1 fecus en what' could be

considered the oore of Piagetian cc~ceptions: the theory of

A':Iain, 1 wil1 not attempt anydetailed
analysis. M~ airo wil1 rather be an evaluation of the

,-
cons~stency ~f the theory as a whole within thecontext of

. ~
present day ideas on the devélopment and evolution of

i'

z-;ysteroz;w~"doh, like the cognitive system,

l.! l

':;:'-:.!2!Q.E'le:>{ (t.ha t. i s" having heteroge~eou~ constituents in
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I

e.:,nt.i nu';:,I_~S'1
i nt.ereH::t.io:on w it.h ea,::h ot.het-) and '~'p€.~n(t.hat. , is ,

in c~nt.inuoys int.eract.ion wit.h the external environment.) •

•Piaget.ls (1985) central ideas about. the development and
'i

: iJ
.] 1,

ev,:,lut.ion of the cOo;;Jnitive Syz.;t.em atoe Pt-es.er',t.edit') I.he
,1 i;

o?9U i.i i bt- a t. i con of t.he

11 1:

~emainder of this cha~ter l- will refer to t.hat.problem as
, li"e':¡uilibrclt.icon"c/t"le:,:;scoft.en-"dynamic equilibt-iurn".

1 wi 11 begin by recapitulating very briefly t.he
i!

fundament.ali of the equilibration theory and then examine

how it fit~ int.o a general theory of complex systems. The
i;obje¿tive ij twofold. Firstly 1 will attempt to show how the

d . timain.features pointed out. by Piaget as being charaet.eristic
1Ióf the evolution óf theeognitive syst.em are in fact

,
general icharoa.::teri.',;.;t. i es .:;.fcopen systems. Seeondly, 1 will

~.t-ovide sorne the fruit.fulness of making

compárative~analyses of the evolution of quite different, -,

copen'sy:.::.t.ern'sw i t.h t.he evollJt.i¡:.nc.f 1:.hec/:'gnit.i. vesyst.ern as
ir

depic::t.edin1iPia':;let.'s eqe..ü1itot"at,io~~lt.hectt"y.
"

.One of~the f0ndamental tenets of Piag~tian epistemology

i,z; UJle
-,

$yst.,*rn

!'assértion that thedevelopment of the cognitive
i! '

i ',oS. :~r:lei i:.her e(:.nt,:i.m.H:'~.~~::'gt"owt..ht'H::,ralinear prclI::E':~~::':.;..

The an expression of the~etwo fact.s.
;~ 'i i

The cognitive sysbern can be viewed a:,:;an opan systern who:,:;e
'/
r

dynamics are determinad to B larga extent by exehanges with
i;

through periods of
( 'U-IO:::

:.::.y~::.t.ernThe"theenviron~ent..
1,

"h':2Bt-ly st.ea,:ly
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e>~iz:;tj.n':;Iz.;ystem.

::'

components df th~ system remain in dynamic equilibrium

New kn~wledge consists of assimilating objects or
;

eVents to ~he preVIOUS schemes and structures of the

~~ubje'ct.• As:i'i.rnilat.ic'n il'Oplies an i,nt.e.:::¡t-¡;;It.iot.., c.f't-.EiW.::ontent.s: . I "j' ., ••_.J~ _

1 ;1

: . i "(obJects, e~~nts)
j

contents. This requires new coordinations a~d modifications

of pre-existing,schemes (accommodation).

Conflicts. gaps, contradictions, l.e. the impossibility

of accommodation of existing schemes and structures to new

contents, may ultimately result in disequilibration or de-

:..t.r'Act.ut-at.icit1o'f t.he sy~;t.em.Re-er.:¡lxi1ibt-at.ienres'Al ts from
'i',

;,

constructin~' new
, 'i' '

c'pet"ait,iet-,r~i:'whid.",
¡ ,

acco~nodate ~ithout .conflict the
new

i,=.:.nt.ent.st.•-;'at 'act.edas perturbatiohS leading te the
i

di5ruptic~ of the former structure.

The the~ry of equillbration thus summarized was not.

.meant to b~ just a metaphorical description of the stages
found by Pi~get in his psychogenetic researches. Far from
it., i.:t. :'.1='l.' ..,. a cc.gni ti ve

Idevelopment that. has et-,':'u9h~e::<p1anat,.~)t-ypc.wer t.•.:.;.accol..~nt.fClt", '
1 ¡~

t.he m'echani::.:'mst.hat.gc,vet-n bot.h t.he 9rowt.h.:.fkr,ow1.edgeand
char •.;,:¡~ of !;trl.Kt.Út-e.,

Ft-e,meait"ly'c.n,Pi.aget. had t.he clear int.uit.iClt-,t.hat.rnany
f~atures of his theory had a wider domain of applicability



that ...'.'they

2:L

:;t.i 11

differen~ fr6fu mechanica1
di ffet-

. . . "

( 1985)

and

fL
Ji

ji; j~
on equilibration.,I~
é.;:¡•.ü libt-i a atOe

his bc,,::.k
.'r

thermodyna~ic e.;:¡uilibrium••• which 15 a aft.et.
,:j '¡, , .

th-.- d.,::.-::tt.l'.-'!:'l.•..•l.-' .~.f''::tl.".,,-t.11t-,::." B,''''. I.",E! :.,j.l_-.~'_::, •• "t.l."~Y!=:-t"e•..._loset-;o • .r ~. ,~__ ,. .._~ ••.•. ' ••... _, .•: •.••_ •..• _ti •••••,.. _ '\00\.1 r \0-;,

~a1n~ain a tfunctional
.,:1

:i" .'.z,yst.ern"•
and 5.t.t-uct.ut"alot"der

,~s i. rni. 1a tOO it. i e s "

development} as described by Pi~get's cognitive theory. and
,
'1 .iJ ;' i:

i:~he ~e 1f -':lf"gélt""1 iZr.:1t.ion
¡

o~ di~sipative systerns was
aClain in

:~- ;.'.'

JiJ

tBe di1;C'W:.;sions-;we held during the pfepar~tion of.
"

~ubli~ation. the
ti ..

c,.ur j cd nt.
ii

the Historyj~f S~ience and in the last chapter ~e identified
:,1;

f ive ."e 1':.se.;i.ana 1c.';:! ies". SJ.:.lb~::.e.;:¡ue.nt.
!

';"

me t.hat.

j
1..450:,' t.hen some.sy:.;:.t.ems wit~ quite different

tl;'I!
t"tatunes wh i.::h~ 1 wouldmaint~inj give support t¿ theabove

"mot"e t.han sup':=r f i c:ia 1 My
,1 i
r/t"ese¡nt.atiof", here iz; 'ó"",1y indicative~ A more detailed

:r, ¡:
anal~sis is ~ncluded in Barcia (1990.).

~.,

"
i~
,1, ,
l>., .1/ "

~'. 1clb.:. tOO a t.•::,t- :ti...e:>::p'=:~r J. m~:::nt..,
i:

,~rf a "z.;i mE='1 en2Y1i:.t.em

t- p .-.,.,,1; :.:.t~I'.l' -,..::.t'. J' '-'r.':":~"1"',' ._.\o., ~
. -

f,:wmu 1a t.ed cof
'c;

di'!.;z.;ipat. i vesyst,'?rtls.
'~~

there were. a number of

. I
¡

"Ir
li



t1:~t.t-8t-1gebehavj.•:otwtl havit-19
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I .1

éxpetiments with open systems.particularly in the field of

fluid dynami~s. that exhibited
I

~haracteristics of what we now know.

'!dissipative system:.;,".

~~ ~Per.1aps the most impressive of such experinlents were
!~.

~arried out by D. Fultz at the University of Chica90

be9i.t~lnin';;lin t.hepet-iod 194€.-47. r had t.he fc.t-t.une.as Ce.

~tudent, of witnessing such an experimenta 1 must confes$

0eit~er we - the students - nor the professor understood at
Itl'''lat time what was 90ing Oh in the laboratory.

experiment.s wet-e later t.he obj>?'ct.of cat"l=f,-~lst.udies by
r,~..
Fultz and other researchers inthe fifties.

E::.sentir.:dly,
i¡
\.'Jith' fhdd.,;,
l.

i. t. a rOtating annulus fil1ed

kept. ato
'1 .may be

"

..
a constant temperature, whereas theexternal border

subject to a strictly controlled varying temperature

so th8t. a temperatur. gradient 1s establ1shed w1thin the

flLüo:tJ. The experimento ml':tYprQc'=ed by eit.her vcH-yiJ-'H:J t.he
"

vary~ng the rotation rateo Let U$ cc~sider the flrst case.

St8rting with a constant rotation and no temperature

di f f é t- ent. i al.
t' -

t.he fluid 1am i t-'e! t- mot.ion

symrn•.=tr1cal at:,,:.ut.t.he rcd:.at.i':'F',a:>::is.LC":I~dn~~at th~::!'t.ank¡e .

"



¡¡o

2::(

-Firstly, the speed of the'floW will increase1 but

~lways with closed circular streamlines.

- As the temperature ~radient continues to be. .

increased, the streamlines are disrupted. There i5 a

transition period of disorderly motion until an

unsymmetrical flow pattern develops and becomes stable.

- After a period of time (with t~mperature gradients

of the streamlines takes place. The flow i5

~isorganized until a ne~ stable pattern develops.

- The sama kind of events are repaatad a number of

times. The evolution may be described as a 5uccession
iAII of them are characterized by a nearly

$teady, slowly drifting wave. pattern. The number of

~aves increase from one stage to the next (from two to

- Finally the flow pattern will consist of a number of

irregular eddie~ drifting around.

The analogies with the development of the cognitive

e~peiiment. The temptationis great to apply the sama
" !I

- The continuous injection of heat from the outside is



~consisting of an ihcrea~in9 speed of the f}~id ~otion

11,

. "

,1'.,.
;fS irnp1e l: i nd 'elf "ac.=c,rnrncldélt.i.e.n" elf t.hest.t-I.~ct.ur'e
i}.
';j
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~
irll=.t"eases

¡:

:t::,,::yc.nd'a e,:rt.aitv t.hre:-:;hold~ nc' "a'='=c;rnrne,dat.icrn"óf t.he

~i5eqUi1ibrated.

. ,

'g.1scontj.t-".K,•..{:.;ly tlY a sl.~cce:-tsiclt"1e,f c,::mlPlet.e,

:¡-

"

~ntensive research on physical,
'1'if ,,¡

Syst,¡.::irnscat",t"i.ed
I¡, 1:

Il~st few decade~ has shown a

cInc!' b ic,} C"3 iCe!1

high degree of g~nerality of
'\
~., '1

t.hese¡ st.eps in t.ho:: evoll.;~tion' e,f (:.pensyst.erns.A:~ a genen,:tl
,¡,

rGla in physical'systems~ instabilities set in whan the
¡,

i~ .:gradlents generated
!t

:~

forces exceed certain

válues.ln Garcia(1990) Ima int.a in t.ha t. i t-l t.he c09ni t. ive

syst.e~n social fact.c,n::. t.ake t,he plF.(ce e,f "e::.::t.et-na'ilfcwces".
i~
"

,¡
l
:~,.
,t,



,-

:8ince 1'~76, 1 haya been doing research on oatural
,:

s'ystdrns c.'f
, ,1

desc~ibed. The accumulated experience has provided enough

~yid~nce~ in my opinion, that the aboye mentioned analogies

between the rotating fluid experirnents and the cognitive

systern are rnueh more than rnere superficial sirnilarities. The

systerns 1 have been dealingwith share with the cognitive
, ..

system the three charaeterlstles already mentioned: they are
"~~tural, open, complex systems.

~he studies have been car~ied out within t~e framework

agra~ian regions of Mexico and Argentina, sponsored by the
¡

United Natlons Research Institute for Social Developrnent -
Ir

. - - ~
UNRI~r)

Advariced 8tudy - I~IAS CGarcia et al., 1988a; Garcia et al.,

1988b). 8tudies prior to these were undertaken in Africa

<8ahelian re9i,::.n)wit.hin a PI'-'::":;lrarncalled"[:'t-,:.I..49ht.and /Vlan".

sponsored by IFIA8 CGarcia, 1981).

In all cases the systerns under analysis were composed

of essentially three subsystems in interaction: a physical
'j.

subsystem <soil,
11'

clirnat.e, an agro-productive
•..::,,t "'y",..,. ..; Plfi_ •...,1...., oo-JI ••• .- and t.heir and

socio-econornic subsystern Cthe a':wat-ian eornrnt..wtit.y, the
the acting economic forces). The

evolution of such systems was analyzed with particular.
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"rnc,difi'=at..i':,ns clf S I.AC r. as: climatic::
ir! "

~nom~lies, introductic~ of ne~ crops, changing techr~legies,
!; ,L .• '. ,

eó:,n,j,rnic cri:,.:=~:;,-,e:t:í=. The~:;esy~:;.t.•::?rnscwe cl,:?arly:quit.e beycer',d.', ., . .. . .

¡

~he range cef the ~i5sipative systems analyzed by the
I

~ri.::¡oqine :::;cho:.cel.í - -

i.nt..eract.iQn
it

ti;et.w~erlt.he .phy:;j.ca 1 env i r.':'nmer',t. and 5':;"= 1 et.y,' af"ld ir, mosto

~t the start, there was little hope that with such
I .

ext.r~me cornple:>::ity t.he systerns wOl~lde:>dübit. in't.heir
i!

e'v,:,ll~l.i ón any -t.' t.he chat- a¡=t.er-i st i '::s po i. aget..i <:In

.J

might behave as "t..ot..a1i t i e!;Hin t.he senz.;e 'ana lyzed by

,\

't
learnÉ!d

:1,

\Ajas find what. 'had been. -

t.hecery ser-ved a~:t gui.dance in our. research~ In fact, t.he
;

i nt.er hct i (Wlz:,t:,,::!t..weo=.mt.he 'phy..~fea lenv ir ,::.y',ment.ano:! z:,o'=i et.y
~'.

(in select.ed agt-a:t-iant-e0;3ú;:'ns) did act asa systern (a
:!

t.•::.tal1 t..y in t..he Pia'21etian ~:,ense). Ihe -whole sy,:;t.ern "'Jen":.ir "

¡
t.hrou';¡h "~:::t.cIge..~" )

'1
:-

living conditions,
./

i. e., per iod5 c.f st.abi 1izeo::! Pt-oduct.ion,

etc. Disequilibration took place under

system would be reorganized:

',-:,o,.



~rodJction and/er
;1" .

new technologies;
"

new soclo-economic

27

" 1 ".;.r'ea,,:"1cons; new interactions wit~ the physical subsystem.

The accumulated ~xperience with bcoth natural systems

~nd laboratory experiments would £eem to previde enough
ev idence t.l:;' t.he JI~:,imilat"'it.ie'.::.;"wit.h t.he

equilibration theory t.he
~anifestation of deep prccesses that determine to a large

~sefulness o, comparative analyses - 1 will present one

example of how Piaget's ~quilibration theory organizes

questions gsrmane to open systems.

In his book on equilibra~ion. Piaget introduces the
i

JIeq•..~i.libratoi1:';"', maj ot"al"',t,,:JI referring to the

~qui~ibration processes coneeiVed of a-'=... Jla

drierited towards improved equilibrium ccnditions" (P. 36).

the history of SClences as well
:1'

170) •

cc.ncept, •.~¡:¡1i zato imoo
,:

.~.

'- Sinee. according to the d~finition. reequilibration

involve~:,al=t.ion~:,havin';l.21 ~::lenet'alt.•:!l.?onornieehat"act.et-,
. 'how i5 the eleetion ofthe objectives to be explained?

"

,
'(page 170). '1
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Telecwlc'rny and i'newness".:,f' tohe st.t"l_H:t.I.H'eS arising in

indominant problems

My
I will 'no~ente~irito the analysis of t~e inswers given

~eor~anizations are
,lo:, .~

t ,
équilibration th~6ry and they are also problerns~entral to
!
trie ~na 1ys i s o'f ,opén ~;Yl:o;t:ertl~;b':.'!.Y':lndcOo;Jni t. i,v.~ sy~;t.erns •
..r

9hd theree'::'jui liobrcd;:.it,t,,¡U]t;2c"ry C\_ppeanr, t.c,' yh21d. very
r 'i

-pre~ ilseanswet-s.

t.c•.isfltdd

r-c.t.ating "fll.dd

t.heby

CClnsi der c,nceiiLet us
'.

"

r
t .
t:ran;;:opclt"t. t.he heat., ft-c'rn t.he c.ut.er t .•:. t.he inn'::.:r bOt"det-. In

efach ¡¡cIne of the?'::-;ta';Jes"we de~;c:rib.:Ed above (~;t.¡;;lrtoin'3 wit.hI( "

helicoidal rnotiOns, changing into wave .patte~ns with an,

J .lrt'::I.-eas ¡roo,,;! n'.Jrnbet- c.'f wav.::!~;) the fI u i el mc.+':.ions <:1d,¿pto the r/]osot.
¡ ,

~:ff ic:ient flow ,t.h,::!heat. fot-
":(

t.l,,:,e 9i ven t.emp..:!r<:iit.ur e el ir f .::HO'"'~t"Il::"i: up t.e, tha t IllCtrnr:tmt.
!~¡
~ ~teach sta9~ the increase in temperature difference is

";:a~;~;i:rni 1at.ed~"by it;'lc:t"ea~;i1":I'~t.he f ll..~id 10;p€!ed wi to¡.o',C'I.Jto,::han';;;l il")'3
•
il, ' 'o. ,
t}-'E!,ilow pat:l:.ern. As t.be t.ern¡::'erat.l"wE!di ffet"ence cClntojom:~es t.oir i o o o.

11 , -

if!

u-,.::t-ease, tohi s 11 ac:cornrn(;lIjatoi.:)n" m.~chan i srn doe~; nr::•.t. -=;l.~f'fice t.e.

tra~~port enough heat,
1I :

which a~ a consequence 15 then
o,
I
a,=c:\!wil.datoed ato to,be c,ut.er bc,rdE::r E,;;;t.abi i z,.h i 1"'1';;:1 a stot-ong,

'. o, I
"o

o~

"

I¡;.

"
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I

temperature gradient that de-stabi1ize5 themotion. The flow

t":=cCtr/lesi.t'Tegl.41ar-unt.il t.he "ne::-::1:."Pclt.t.ern is est.clbli:=.hed
i

whic~ i5 able to transpert the heat at a higher rate leading
I

to a new stabilized stage. This is clear1y a teleohomic

prn~~s~ and Piaget's question "How to explain the election!J. - -- -,
of the objective?" isequally applicable here.How doas the

¡~
" ,fluid "kn.:.\A.'"wl''',ichst.t-I_~,=t.ut"ec,fmot.i,:,n1i:. has to adopto t.o do

~ better job of transPQrting-the heat? The answer is simple
I

and eliminates ahy suspicion of teleology.
i!

• I

becomes unstable, t~e irregular, random motion opens the way

to a11 possible flow patterns. Howevér, m05t of them are

0nstable and only sorne trajectories of the fluid particles

~oment. These arethe kind of~rajectories that remain and
ithat establish the new 5tructure of the flow.

"

'IAftet" t.his can rnake

anthropocentric 01'" teleological expressions :.~.""'"' ~',. U-":E!

f.J.uicJ"learn~::-" by t.t-i.al and ert-,:.r;
\

t.he f 1.u id" "adopt.~::-t.he

i

.,:/:t ""' I ":t.1 I t.... '.-:"_ '1 _.•1_ •.•• 1 I:::"J '1 and s.:.on.

c1ue~ to uncover the meaning of sorne cryptic statements. In

~y o~n experience, the aboye' explanation helped me te
,

ünder::;t.and, foto in:-;t.ance,Pia9E!t.i::.;vi.?'we,f .tohefc••..rnin which
,

"t..hepossible" fulfills its role in cognitive development



'.

.,
Íf' •

".-
/

(1981) asserts that. the result.s
renewed t.he

.;¡.n"The F'I:I~;Sib1e ", Piaget.
'ír-ep.::.rt.edt.het-e rncodel "by
'1 l'" t le::<p a l.n 1 t..,,:;! •. r-,e
l.

reequilibration by an internal
dynamic. sp~cific tco ~~e pcossible• and such that each

.,
I

possible novelt.y con~titute5 at the same time a const.ruction

The stabilit.y thecory of the fluid
i!

~xperiment. provides a modelo wher-e t.his
some~hat. crypt.icstatement acquires a clear rneanin9.

IV.- CONCLUDINGREMARKS
;In the preC~ding sections cof this paper 1 attempted to

1~resent. Piagetian genetic epistemology as a ooherent theory

deeply imrnersed in some of the .most fundament.~l problems
ii

referred to ~wco of such prcoblems:

~ The first was about. the relation between empirical

facts and mathematical theory in the interpretation of

the phvsical wcorld. Here, Piagetian const.ructivistic

:epistemology,with its cconceptualization of ~ genetic

~5truct~ralism. prcovided an answer tco the questlons that

Ibrands) left unsolved •

.- The £econd problem was rélated t.o the incr~asing

levidence that. open systems, 'subject tO continuous

/

imatter, energy. informatioh, etc., evolve through a
series of successive stages of self-6rganizaticon. quite



,,-
Iin l"ine with the Piagetian theory of equilibration of

cegnitive structures.

:31

I subrn i t. thatno oth~r epistemology has si.mi.lar

a ~;cient.ifie the ~tructure of
"~,::rlcowredge and sol id foundation fer the theories with

which science endeavours to explain the

, •••• 1

/

i

•,

t.he



/

f<efet-ences

Carnap, R. The

~f the World, published by the University of Ca.lifornia

Carni\p, R.
'"

Basie Books Inc.

[>ernoi'C1I_~ 1':'5 ,~".
,'!,

8< Friedrnan, M.' (1985).

The Ana 1 yz;:,i z;

riurnber 4, p. 621~
F.'hi 1.p:::.Qphv c.f 8ciet"l(:e, Vc.l.

[)uga~~, R.

Swit~erland: Editions c~ Griffon
"

? i :~t.erni de 1

m':'n 'd!2." Et-l'~1ish ed it. i ':,n: f.J 1aJ.oq •.~.e '=(:'r'c~tTdf,q t.he t.l-\'() .=h le 'f
i

Gar.::: ía, R.



o""' •.• ,li
\
ft,
Ir

¡~j.
t
¡~ 1:

Gan::ía R. ,
"'

I

!.;yz.;t.erns:t.he

case"of
ir

"
cCl'~nit.forl", invi.t;É!d papel'" preSét-.t.ed t.,:,' 'I:.I-"'.eCCIf"I';:lt-es:-=.

'..
/'on gvolutio~ and CO';:lnition (Bergarno, Italy,October,1990).
t.

Tc. be publ i shed •

•1'
'... "
Gart.:ía, R. et. al. (l'):::::':::a). l:1clI::IernizaciÓn en el ¡:'.9t"C.:
;
¡~

¿'Ver"t.aja-:.:, Cornpat-at.ivéiL~_~':EL.5!t~i~n',? jYl.~::d.=c. Cit.y: Cent.t-':¡ de
"~;
~nve~ti';:lación y~e Estudios Avanzados del I.P.N~.
.~.

'1r

l

la
l'
,Aj;.undanc i a Ci t.y: Cent.t-O ele

lnvesti';:laci6n y de EstudioS ~vanzados del I.P.N.
'i ;:.

!; :i
Gilano::J:::.dClt-ff al. Pt-ii3c:'9iné, l. ~. (1,9.71>. Jhet"rrH:.d..warni.c Th~,ª~-;ot"yof

'r
$t.I"L~t'!t,,=-.:!.c~, ~t.2\bilj t.y r.11",dF 1Lo::t.,.,~f.tt:jon:;:,.Lc,nc!':'I''',:,JohnWi 1ey-.

":~-

Hahn'& Schilpp,P.A. ( 19:::1::,)~ Ihe_.l1:'ti 1q!.;ophy o f 1"'. V. Ol..!:i ne.

•
!-leí s;E:nbet-o;:¡,W •

Philoso(::.h,::t-S, Vol., XVIII. La Salle,

.~.
A'J.bit~ilYli,::hel. (Ori.;inal. wo::or-k pub! isheclin Gierrn<:",n a:;:, t'et- Tei 1

tI!'

~, :

Uno:! [:oa 'Ei Gf:!nzen)._
>,

!~

.,,,-

'l'ir



, ."'. ~ .¡.

.•j .,.

:)4,

I

fl:;

jeit;.;~iz, U 720). fram 'Dugas ~1954)

les1f:1.' __' __ ''''_(_"~Lt9..:!:-Qn ; " t"Ie<.t:~!:::!.!:::.:~lJ..~ ..~J I hi :;:.;t.el i t" e .

!i .

lihe, '1"ePt" elt:! I.H: •.'? ~~
¡¡'
i;' ,.
,¡, '¡;

F'h:i 1Q'.:.;opl.'Ü .?,
"j

"
rnat .•'lgrnat. i,.,9l:::!t:;s• .!=!t.c: u.20-..:-.E~at" tr'1t=_'"~:.2J"'s' !:.I!? i bn i :::::._C 1.ª-t..ke z NE!w+':.on et.':¡ ;: ' ,
at~t.r'e~:,c.é,J.~t:tl'"'2'.:; •• Arns.;t.el"'!:Jarn~ De Sauzet.éd.
"

li. ,¡

Newrnc(n. M. H •.A.~ "l'r1r. Russell;s Causal

11
F~ia'=H~t.z J.,

'."

$tt"Üdt.I,At"es.

( 1.9:;::!:;) •
i

01'"i 9,i na 1 E!d it.i ':WI ~_ L.....:Ej~p...IÍ 1 i br ato i ':••...,

t'.-'''ª--..!::C'9n i. t. i ve

des St.t"l..~ct.I...'t"e~r,

C~:,qni;!t.ivl=s. F'at"ls: 'P.U.F. z '1',75.
'f'
r'

. ~ i
.;.T.'( 1.981). .L '~_yCog.lt. ign d.=l?_....E~2£2~~ib], e:.:, c.hez ],', .?n,f ant .••

F1art.. is: P. U.,'F=•

f
"

H:,. í!
F',1 a ,;:¡et. , ,J.

l~

"Pi aget., .r.,,
;..

(1¡::\t"C.í. a , R.
,.,
;:,!

.. ,

,',



:f
1:

,
l~hüPé. lA,1.V •. (1'5'5:3). "Tw,:,dO::09ma s e. f emp it"i e i'r.~i'll". t"€!pt"int.ed

:35

, ,

P,-~bl~Zh.~t"s.

I~uine. (-'J.V. (19:31) Thecot"i.es and Ttlir.•.;;!.2.. Cambridge, IYJass.:

Harvard University Press.

F:t~s~:.e11, El.

~o::ondon:GeOrgE Allen & Unwin.

Rus::,e11, B~

Allen & Unwin. Dover edition~1954.

(1944). "Reply te•.,=ri.t.icisms", i.n P.A"Schilpp,

(Ed.) (1944).

(1948). Human Knowledge. its Sco::opeand Limits.

New York: Simon & Schuster.

"

Sd-. i. lpp, P. A•• (Ed.) (1944). Ihe PhilosQphy of Bertrand

Ohicago::o:No::orthwestern University~

't:St.raw~~on. P.F. (1 '5'::::6). "Reference and F:CII:,t.~~".in Hahn ~(

Sch i lpp. P. A n. ( 19:::6) •
i

".



,,---------..--~----------------.,-!!'----~------------------"""I!J-- ....'----
'..
;

""

1 the ~uthor 15 very grateful to Prof. Peter'Pufall and
Prof. Harry Beilin for many valuable comments that helped to
im~rove the origirial version of thi5 papera

2 In his polemic with Clarke, Leibniz says: J'ai marqué plus
d'une fois que je tenais l'Espace ~our quelque chose de
~urement relatif, comme le Temps, pour un prdre des
r:oe::<i ,::~.t.en("~e:::;:,cornme J. e T ~'2rnps.~~.t. un p;'" •..~!.t""edE!'~:.':~I..K:ce'.::.-;:;i an~-;;
(Thll"-d L..A.ter).

L

3 Bohr; refers here to the fact that •. aeearding to Newtonian
phvsie~. a particlewith an electrie charge having a eyelie
motion' would emit radiation and therefore would lose energy,

I ,1' 'so, tha~ all eletrons should fi~ally collapse anta the
nuc 1~'?U:-5••

4 just before 1 wrote the last version of this papero a
coi 1.::.~a9•.~e b¡'-(A49ht t.o rny ¡:ü.t.e¡"'d:.)on ,;.;n impclI""t'élt".¡t.at-t.ici.;?by !.\I.
[J~'?IOOPOU 1o~!-and 1~1" r= t- i .:::!dm8.n(19::::~:!) wheY'e t.hi.:.:;:~.ubj eet. i.s
analyz~d in considerable detail. My critieism of these
authors i5 that they don't p~y attention to the profound
epi ::,.t.erl'lo3.0':;1 iea 1 di f fe ¡"',:?rK:e::-.;1::••::d:,~'~'?..!2nR,-~z.;::,:?lland Ca t-n2lp
rí,n"-"'t-ninq 'r.ho=<.=.t'.n~•.-+.l H" 8.1 '-'-'n'-.-::.pt..i•..•n nf phv-=.i,-a1 i-.hp.-ot-i0=«-=._. - .- .- . - _. - .~ - ."._.... _. _.- i - - ,...... - 0_ •• - •• - _.- _ •• - n

As indlcatedabove. Carnap follows 6alileo's traditi()n as to
the role of mathematic~ in empirical seience. This i5 not
Russel1's position.

~. .

~ As defined by Russell (1927. p.294), two eventshave a
tOe).a t.ic::,n'~a3.1,~d "cecmpt-e'::.:.E'~nc.?"if t.hey (:CVI~ 1'- 1ap in ~,.paCI?_.t.imE!.
This. conc.:?pt. i~. used b~/ F:u=.~:::.ell'b~" defi.t"i~'2el "point.":,: Ot-
rat.het- a "poi nt.-in~;t.¿:¡nt."a~:.Cl. ':.:wóup of eve¡"",t.s:.:.uc:h t.hat. 8.ny
two members of the group are compr~sent, and no ev~nt
out.side t.he 9t"OUP i~; o::o::.mpl'-'e~-:.ent.wi t.h e\ll"~t-YITIE'~¡Tlbet-of t.he


