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ABSTRACT

£

- I

*

‘This thesis is concerned with two interrelated sets of problems:

I i -

1.) Howlcannwe héve knowledge in a.universe of |

i ' N ]
‘ ﬂroJesses?

*

4 . \
2.). How [can knowledge be improved, and how is

]

N scientific progress possible?
'» ’

To address the epistemological questien in.conjunctdion -with - the
. ' ) . . ) _‘_- )
ontological is not a common approach'in contemporary philosophy wof

-«

science. 1 thergfofe begin the dissertatién by arguing ;hét these two
areas ofn philosophy are intimatery' inzztrelatéd, and £ﬁat thé
one-sided concentration on‘.epistemological issues hqs! led to. an
ungétisfactory account of the nature of knowledge. 'Iﬂ/:articular‘it
has led to a conflation of gpistemology wi’h meiﬂodOfogy.u I‘fargue:
that mefhodologibs carry with themselves  certain ,pre;uppositions
* concerning the nature of .the world and of human beings. ,Anx ’p¥oposed

methodology assumes thaq the structure of the world is such that the .
. ' ". .

. : o
alleged method can work, and that the nature of human beings 1s such

’
¢

- , -
that they are - "at least in principle - capable of following the

£l

methodp}ogical prescriptior. . o Jy

Ifsﬁggest that we should astempt to construct a philosophical

syscam% which epistemology and ontology mutually support one

[ 13

2/ ?




another. Insights derived from modern science provide ms with a basis

for the conmstruction of such a system. ‘ -

I begin this task by arguing that scientific knowledge can  be
. . 2 . ; : :
viewed as an extension of perception. Relyimg onvinsights derived
. / - .

from Gregory and .Piaget 1 emphasize the constructive .characteristics
of our Berceptqal‘system and afgue-tyat they find their counterpart in

' A ..
the constructive nature of modern science.

Having outlined a constructivist view of knowledge I turn to the

discussion of, the, ontolégical issues. At first I investigate the

\

g \ ) . . .
al&ost universally accepted metaphysics of reductionistic_atomism and

a -

show, folﬁowing‘Burtt, that many current epistemological probléms can ~
be viewed as being a direct reéult‘bf‘ the vunchtical acceptance of -
this philosophy. ’ ° C ] . .

‘I'pfdpose as an alternative the adoption of a metaphysics of

‘pfécesses. 1 outline such an dntology,,besing ﬁy model upon ideas

derived from Prigogine's ;:?search on dissipative, structures and
Pattee's .investigation of hierarchical organization.. I explain how

dissipative sEructures cteate stability in an instable world and- link '

- [
.

this insight to the constructive features of ' our perceptual and

conceptual systems didcussed earlier'iﬁ ghe_disséftation.

The resulting model "shows how knowledge. is poggible in the Te

_ strange ‘wgrld of processes which "we probably inhabit. It further

shows how. knowledge can be .improved

~

,and ‘what progress -through

evolution means. This géﬁue is pursued in greater detail in the last

part of the dissertation. There 1 egpound W;ddingtOn's - cybernetic

) 69?51 bf'g&olutioﬁary‘change and show how it fiéds itsfcbunterpart in

- s
. e f .
e

cognitive evolution.
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CHAPTRR I ' -
3 . N

* . - . - . ( ‘
. % PROGRESS, AND EVOLUTION

i

i . . g ]
Q . N : . . =
. -

1.1, METHODOLOGY:

A_RETROSPECT ON BABON AND DESCARTES

* »
.

-
- -

" Ever since “the -times of Bacon and Descartes: the idea of

y q LY

scientific” progress has been linked to the belief'that there exists a
. §

kY

L N M
perfect method, which, once discovered, would enable us to come to

e » -
.

kpow the truth about mnature. During - the preceding censpries the

3

capabili;iesﬂ}f the arts and crafts had be¢h copsiderably improved
through an increasing number of impartant 'inventions such as the
, ;- v h N
< e L ' vy . »

flywheel,the printing press, the compass.
Yet,whhf.waé the significance of these invent'ions’ compared witﬁ

the possibility of findiﬁg a method which would ehable‘mah to gain new

L - '
knowledge in a systematic fashion? Instead .of having to wait for
. . ot

discoveries to occur randomly,subject to the whim of fate,a method

would enable\hhn‘lo take the futute. in his owh”hands leadin& to ne;

LY

inventions based‘upon a befter.understanding of nature and culminating

v
a

ié an improvement of man's social and economical conditions.The belief

.

in the posgibility of findipgwéﬁch a method was voiced by Descartes in
[t ! '

- X

his Discourse on Method: | E

w LI

. P
i .
Wy ~

-e
Pl

P

.

o



.y

A

- (1 perceived it to be) possible ' to attain

knowledge which is very useful in life, and that,
instead of thag,speculative philosophy which is
taught in thzg\ﬁchools, we may find a practical
philosophy by means of which, knowing the force
and the action .of fire, water, air, the stars,
heavens and all other bodies that environ us, as

rdistinctly as we know the different craffs of our.

artisans, we can in the same way employ them .in

all those uses to which they are adapted, and thus

render ourselves the masters and possessors of
nature (Descartes(1619),119)\ :

. -
.
'
. *

Descartes and Bacon conceived of a new role for the

philosophers".

¢

-

~

"matural

Instead of engaging in the empty and barren talk of
. ] ~ -

the schoolmen the modern philosophers would perform experiments in a

systematic' fashion. Theoretical sknowledge
- . |

be as certain and undisputable as the
craftsman exhibits in the perfomance of his art.

‘&s diffefnt as Bacon's
&

¥

|

-

o

thus gainéd.yas thought to

practical knowledge the

empiricist and! Descartes' rationalist

" methods were, ~they both agreed that certain knowledge cap be reached

»

]

Y

b§ Ehéir respective methods, that there could be only one right method

“of'gaining genuine knowledge; they also agreed that the intellect has-

- r

to ‘be purged from irrational paesions in order -to wake it a fit

instrument for the reception and application of the .scientific method. - -

Knowledge thus gained was to better the condifions of the

< '

common -

people, the impoverished peasants’as well as the city dwellers. .God-

* had expelled Adam and Eve from Paradise for eating from the tree of

knowledge. - Christianity had therefore tended to look back tomthe

!

times -before the Fall as a golden age, IOQE due to our tampering with.

knowlédge~ not meant for us. Bacon's and Descartes' vision implied \\\)

)

)

> . .
. L.
. .
.
. ' 4

¥
s

»
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3 \

that man could be redeemed through knowledge. They believed that a

-

great co-operative effort to marshal empirical and theoretical

kﬁowledge would lead to 'an intellectual regeneration, a return of

4

man's dominion over nature which had been sacrificed at the Fall.

. .
What were Bacon or Descartes to say if they could appear in our

times and look at 1its achievements? In-the fields of science and
. ’ !

technology their boldest dreams have certainly been surpassed in, ways

’
.

they could not have even imaginei;' It is obvious that there has beén

progress in science ‘and technology, yet,it is difficult to talk about

progress with réspecq to the wellbeiﬁg of mankind. Indeed, we ‘could

-

point out the improvement in general erducation, the establishment , of

L) .
dempocratic institutions in many countries, the cooperation withjn:

international organisations,etc. We seem to have made progress in all

~ . -

of these and many other areas. However, if we think about the

tremendous problems we are facing in the 20th.’ century, ~ the

-
-

proliferation of . wars, the increase in pollution, the problem of

overpopulatipn, to name but a few, the statement 'we have made

-

progress' seems to be rather empty. We seem to have no fewer problems
g See pt A p

¢ o?

than the ‘people in the 17th century, although thﬁr nature of these

problems has changed considerably.

ﬂgé disappointed would be the great philosophers to sealize. that

[ »
progress in science has not automatically resulted in a concomitant

progress in the general welfare of human beings. Appalled Ey what
they witness about the général state of mankind, they might turn to

! . , ,
the universities and other great scientific institutions. There at

v . . v
least - so they wmight think - they will hear good news. The

’

4 3



r-

v

tremendous-progress in science and technology is evidence enough that -

)
- ]

their dreams must h;ve been fulfilled, and that a right method must

have been found. A method that sbeered science through the centuries
from one triumph to the next. Edger will they be to tearn about this

method from their modern philosophical collegues. But here, too, they

-
[

would be disappointéd.in their expectations. The phjlosophers of the
. . /’

20th century would h4ve to concede that there is no unanitmity among

them abéut what the right scientific method is, nor 'whether we can
. - !
expect ever to find such a method. That means, of course, that we can ,

know one thing for sure. Even if it were to turn out that the

.
-

majority of ‘scientists were successful because they followed a
' s

f

particular method, they certainly were unaware of it. We can conclude

that the actual-'practical role of methodolpgical prescriptions is
dubious, to_’say- the " least. If scieptists have been so successful
yithout paying ;ilegiance'to a particular method - or were at least
unaware that they,were following such a method - then the discovery of
"the" right methodology would in all likelihood have few practical
;éonsequences. According to the o;igina} vision 'of Bacon and Descartes
it was necessary to find the right method in ordef to gui&e scientists
in their endeavﬁ%s and lead them on the certain way té progress. The
paradoxical situation has arisen thag the sciences seem to féfe quite

well without following philosopher's advice and that methodology is in

trouble.



)

1.2. AGAINST THE CONFLATION,

OF EPISTEMOLOGY WITH~METHODOLOGY L
So why are philésopﬁeis still engaged in methodological = inquiry?
Why do they .not give up this apparently fruitless ent;rprise and
diréct theiy energies }o more‘p;omising fields? I think that the main
reason why methodology is ;still so much in the forefront of the
philosophy of scienpz“{é to be found in the conflation of épistemology
with meth999%6gy. This identification has been central in ﬁuch of

L v
20th century theorizing on the theory of knowledge. Karl Popper says

[ 4
it bluntly: "Epistemology, or the logic of scientific discovery,
should be identified with the theory = of" scientific
method"(Popber(1959)49).

The identification of methodology with epistemology means} that

giving up metﬁodoloéy would mé%g,g%viﬁg—ﬁﬁizﬁg theory of knowledge.
B / .

. L
That, of course, is too-~dear a price to pay. Epistemology is- central
to science ﬁhilosophy alike. Giving up the theory of knowledge .

would meég/;;ving up hope of ever understanding how human beiags ¢an

know 'ani how they relate to, their en\’ironing world.

X . .
But why should we accept the conflation -of epistemology with
- methodology? Do not both areas deal with rather different,although

.related subjects? Should 'not™™g, theory of knoqledge deal with

questions such as how do human G@lngs; equipped with the kind of sense

] 8 4

organs and the kind of brain they do possess, gain knowledge dbout the’

wofld, about, themselves and about the relationgﬁip between both? 1In
' ‘ o !
other words, does not epistemology presuppose scientific knowledge of

our sehsory organs, nervous system, brain structure, etc.? Should we

.




)
-

not expect that epistemology will improve with the development of
“ . A
neurophysiology, psychology, biology? Should we not first develop a

#heory of how human beings can know before we téli them how they ought

n»

to pgoceed in the pursuit of knowledge? In other words should not

\
epistemology be prior to methodology? 1If wWe adopt this stance then

the apparent failure of methodology does not come as a surf}ise. It
rdther appears as a mecessary consequence of a premature attempt to
master a subject without doing one's homework first,

. Why, then, are philosophers conflating epistemolog& with

methodology? = Why are tﬁey reluctant to take scientific findings into
. , -

account when inquiriné into the nature. of knowledge? th do they

]
instead still rely on their intuitions of what does or does not

constitute an acceptable theory of‘knowledgeY I think that we  can

find the answer to this puzzle if we consider the apparent circularity
. . ) R . s - * ~
which would obtain once we decide to use scientific criteria to
. - :
r4 .
evaluate our theory of knowledge. For, after all, it is the theory of

kﬁowledge,itself which should provide science ‘with ‘such criteria;.
,Tﬁis 'circularity‘ brings to the open a paradoxical feature in thg‘
rglétionship begygen science and epistemology. On the one han& Qe do
ﬁeed a ‘powerful scienc; ;n order to creat2 a theory of knéwledge
sophisticated enough to deal with the complex issues of human nature.
Oﬁ the other hand it is the task ;f epistemology to criticize
scientifiec procedureg and evaluate whgthef or not they are sound, }n

.

other words, a successful science seems to presuppose a powerful

‘episﬁemolbgy which in turn presupposes a highly developed science.



////’ j The standard solution to this circularity is to .denya that it
exists in the first plaEe. This is accomplished by giving a different
p status to both science and epistemology. Epistemology is thougﬁt to

be prior to science. Once, we demarcate epistemology from sciehce the

s question arises: how do we justify our ‘epistemology?

In a more religious age it was thought that God, who created the

+
.

i ' ) .
world, had also endowed man with the necesgary powers for
understanding that world. If man relied entirely on those powers

without permitting himself to be distracted, he was on the road to

pure knowledge. In other words, God himself was the guarantor for

man's 'q}a}m to knowledge. In our own secular age the appeal to God's

3 .

veracity is no longer accepted as a justification of mag's claim to
! ’ -

knowlédge. e '

What kind of jUSFification is left once we deny that either
: ’ | .
. scientific knowledge or god's benévolence support our knowledge

> AN

claims? . Karl Popﬁer provides us with a straightforward answer. Asked\

.how he himself jugtifies his method ¢f trial and errg} he'replie;:
» ‘ - . .

- "The method of trial and error is a method, of eliminating “false

\

theories by observation statements, and the justification for this is

the purely lo ical relationship bf\deduc{bilify'.whiqh allows wusg to
—Y %8 , f

universal stagements if we accept the truth of .

assert the falsity of
)

I

singular ones."(Popper(1963)56,my italics). S .

4 - . )
« 0 Once we give up the belief that an external source (i.e. God)

warrants the reliability of our knowledge, we are thrown back upon.ohr

¥

human resources. These are further dramatically narrowed down if we

also want to avoid the above mentioned circularity between science and




- . y |

- epistemology. If we believe that this circle is vicious we will not

.
’

allow science to help us in deciding whether or not our kndwledge

by
claims are justified. ‘What-remains is logic which is taken to be

.
.

prior to and independent of science. Therefore, it is to logic that

Popperians and modern empiricigts alike turn as the ultimate authority
’ ) Py

which 1is to justify ‘their’epistemblogical claims. Logic, however,
provides us only with rules of reasoning. Thus, epistemology becomes

methodology which furnishes us with normative rules. - Those rules,

4

however,- are applicable only to science, not to epistémology itself.
For, if they were-used to assess ong“s own methpdolog& one would risk
undermining the very foundation upon which their authority rests, i.e.

the alleged absoluteness of logical rules. Thus, neither empiricists

nor Popperians are willing to apply their own methodological

» R A

prescriptions in order to assess the soundness of that very
-~ : ) . .,'
methodology. Therefore,we see that empiricists tend to *be rather

ahistorical and do not study the history of science in order to
"induce" which kind of scientific strategy has beeh successful.
) v i

-

Neither do - Popperians attempt to falsify their ownﬂmgéhodo}og; or

i

-

state under which circumstances they would be willing to '‘give it up.
On the contrary, they are eagerly looking for verifying historical
instances, thus seeminglyrtontradicting their own prescription. This

noncritical attitude towards their own methodological prescription

. becomes intelligible once we see that ‘it is based upon the view that

epistemology equals methodology which equals‘logic which is immune té
criticism. R :

Thus, neither examples taken from the history of -science nor

actual scientific practice can shake the belief of the methodologist




L

in the appropriateness- of his normative rules. The rel@tioqghip .o

-

¢« . v
between epistemology and scifnce is strictly one way. Epistemology

Rd

develops normative rules which tell the scientist how to proceed.
» . ,

Failure to accompfish anfthing by means of the proposed method does

-

not reflect the inadequacy of that method but the inadequacy of th%
.scientist. This one-way;‘relatibnship is strikingly demonstrated by

+

Popper's principle of transference: "What is true in logic is true in

a

scientific method and in the history of scienée'(Popper(1972)6), .and-

"what holds ' in logic must hold in genetics or in

<

psychologY"(Popper(1472)68). . .

®
-3

L]
The subjects Popper mentions have in common that they make

»

epistemic claims. Epistemology, however, is identified with -logic. .

Given those premises it follows that the logitian has precedence ove;}\
! [

the psychologist, geneticist, and historian im so far as those

scientists make cognitiVZF claims. Aﬁy field .of scientific -
T \ ! ,l
investigation which attempts to understand processes of learfring thus
, . /
becomes merely an application of logic which is immune to empirical

e
criticism. We are led to .the sad conclusion that whereas any other

area of puman knowledge can be improved by empirical investigation and

- critical discussion, the epistemologist sits lonesome in his armchair,

trying to find the correct logical system relying entirely on his own

», ‘L 7] . -
intuition without the benefit of interaction with other sciences.

A o5 ’
Py

£
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Once .we narrow down epistemology to logic we make it impossible

'
. - ‘ -
.

for the 'philosophgr—lto learn from his or other people's experience.

‘ L}

Yet, do we really‘héve to accept the idea that with logic - we have

reached the rock bottom of certainty and that, there remain no further
questions to be asked? Does not any alleged method assume that the

structure of the world is such that the method can work, and.iQ:: the

nature oflhuhan beings }s such that they are - at least in principle -

#

capable of following. that méthod? Even if we accept the argument that

wé‘pannot derive norms ?rom facts, iﬁ nevertheless remains the case
that the .norms have to be compatible with thd facts. A methodology,
say, which would pféguppose that we can read other people's thoughts

-~

would obviously be uninteresting given the actual capacities of human

beings. Historians of science have been emphasizing the fact that

neither empfricié;,h,nor . Popperian- methodologies describe what -
? ' . Do y - .
scientists acsuéll& do. This, of coursg, cannot falsify the alleged

- -

methodologies.  Their defendants ‘céh always point out that they are

dealing with normative issues whereas histéry is a purely descriptive

BN
.

enterprise, Nevertheless, 4 methodology which has: no bearing on

LT e~ L]

R science as it anually has been practiced is hardly satisfactory. The

history of -science, therefore, - plays. an ihpoftant role in the
assessment of methoddlogy by pointing out’ that a method which tas

never heen applied by practicing scientists appears to be obsolete.

.
’

This‘criticism is aoubtlessly'Vgry important. However, 1in the

present context my argument 1is directed .at a -different target.
0 - ‘. -

‘Indeed, 1 am not .interested in cfitizising any‘ﬁarficglat methodology
, . . . s

. .
P - v »
> .
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) . . T .o -
' at all. Rather,1 ,intemd to ‘show that| any method which conceives. of

3
2 -

. logic as praviding ultimate foundations for methodofogy,,is'fmiétakenh
. . N
. . . 4 ' . .‘_ L.
- Thus, my discussion‘oigsome featuré's ofl Popper's thought is m@ant to

]

. @ . e . L
exemplify ghis point ;athe:tthan provide a comprehensive criticism «of

»
A >

his.gphilosophy. Lo ' ' - ’

I3

4

L)

Let me now return to my central point which is* that any
) I ) o ..
.. methodology carries wi¥h it certain presuppositions conperni‘! the
& s . O . . -

" nature of the worlﬁ,andﬁof'hgpan beings.  In . former times thi’s was
clearly acknowledged,
WM\

comstruction of God.-'Mah'coulﬁ come to know its ratiopal blugprinq in

and it was thought that the world wae’a-rational
: ' R ¥

Y
]

ind of justification will
-

L virtue of gbd's beneboience.nlCIQ;rly this k

f ' . i
not do anymore. Thus, the question arises concerning fthp kind of

non-acknowledged presuppositions in our preéent—day meth&dologies.' 1

x'xg. . will again turn to Popper's epistemology and ask: how would the world

.

havé to be in order for his method of conjectures and refutations to
-t ’ ‘ ' . ’ L
work? .

Central to the'understandiﬂg.of this issue is Popper's notion of

- - »

- trush which plays as iﬁportant'a role in his methodology as it does in

the standard empiricist. account. This is not to say that there'hre:po

a -

, important differences between these approaches. But ‘those ‘differences

. 4

b -
, show up oply with respect to the 'question whether or not we can
. P . Ih”'h
actually ever come to’ éxpress. true facts about the world. Popper

r 0
. doubts that 'we can ever come to know true theories and points out that

even if we did we would never know that.we have attained our goal.

-
-

‘. Nevertheless this does not minimize for him the importance of truth 'as

the ultimate goai for science to which all other goals have to be
. oy - ' . . ’

+ ‘subjected: ""We do not - only look.'for Siological or instrumental

’ v ' -
. B

\ . ' - ,
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success. In ‘science, we sedrch for truth"(Popper(1972)69,Pogper's
N ‘Pa oY, ) \
italics). T '

.

It is clear that the idea that we can come to know the truth

about the world or that we at least are progressively app}oaching it -

has a strong intuitive appeﬁl. For - - after all - what elég can

) M -

-

3 . 4 >
explain the remarkable suctess of modern science? Yet, it is by far

-

not obvious whether-or not tﬁennotion of truth is indu@d' useful -for

°

the conceptuallzatlon of séientific progress. W?it does if mefin for

Popper 'to get nearer. to the truth7 According to Popper ''science aims
‘at  truth in ;Qe esense of correspondence to the facts ot b

.

reality'"(Popper(1972)59). Thus,'we can explain the method of science

L ¢

and mucl of the history of science as the rational,procedure for
N : .

-getting nearer to the-truth"(Popper(1972)58). We can hever - know for

.o -

certain if a statement bor theory is true. It is, however, possible to

»

,establish the falsity of a statement or th%ory. This is the- case

»
because according to the laws of logic it is true that a false

-

consequence of a statement proyes that the statement 'is false
, . . . ‘ . . . L (h- -
(modus tollems). A true consequente of a statement, hbyever, does not

>

show that the premiée in question is true, because true _tonsequences
. .- o . -

can follow from false premises. Therefore, science should aim at

. " ¢

-

finding'pontradictions which will make it possible to.eliminate false

*
.

premises. - o ) . N i

- . -2

. -

-~

]

All meaningful scientific statements will be either true or

-7 - . ' - .

».falsé.., "Every statement has a content or consequence class. And

'
' s +

every content contains a sub-content consisting of the class of all

and only all its true ,éonseqﬁepces"(Popper(1972)47). By apblying

’

modus tollens we eliminate some of those false statements and thereby

. ’

N
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indirectly increase, K the percentage of true statements and their true

consequences. We thereby increase the truth content of science.

r

Thus,'"'we can identify»;hé intuitive idea of approximation to the truth

with that of * high truth content, _ dnd' , low falsity
content" (Popper(1972).52). . g
. . .7 . A Y

~ Every scientific (i.e. testable) .thébry ~will have deductive
’ - v I :
relations enabling inferences from .observatigon statements. These

®

" inferences constitute the: prediftions of the -theory. If we can

’ , ta , N
. . . At .

ks : . .—,-’\ \ . !
demonstrate thatja prediction turns- out to be false we can conclude by
- .

’ he \

applying modus pollens that the thqpfy ijp question is false and ought

therefore to be abandoned. -+ - N

T4

by &

-
v 3 -

. . R T, ’ .
So much- for & brief summary.of Poppesx's qoncegs of truth and its

14

relationship to his epistemolegy. " L-shall now iturn to a constructive

€ »
- B s

criticism of his method: ‘ ) e

1

3 - L
. N .
. . -~ . . \
. - -

Let us assume that we live in a universe whefe- many ‘levels of_

-
.

reality obtain, none, of which* is reducible to any other (nuglear,

e

atomic, molecular, cellular, could be taken as examples ﬂnE‘various
- 5

'1eve1§): Let us further assume that those lavels although generally .

. 3 N N ';
distinct are only approximately independentf’. One may ,say that they

overlap in certain frequencies and are only.nearly decomposable,to use

o -

'
* I

a term due to Simon (Simon(1973)25). *Let us‘design an experigent to
test’ a prediction P of theory T. . This prediction.\s negative, i.e.

. ’ e ) o
ft says that under certain conditions a particular kind of propesnty
- . r

does not obtain; for example,'current flow should ceasé. (Nothihg in

« .

the,argument hinges on the prediction being negative. This is merely

a means of avolding to assign particular numerical values.) We )

-
-

f

/

13
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perform the experiment and the outcome is non-negative, ‘current does

-

flow,i.e. we find not-P. Applying modus tollens according to éopper

o . °

we conclude not-T and abanden the theory under consideration. What we

would not have taken into account is the possibility that a different

level of 'reality might have interfered with our experiment,i.e. we

.

were inadvertantly addressing’% different level of whose existence we

were ignorant. To give a practical example, we might intend to

e -
v

measure electrical properties of chemical reactions but were dealing
' -

. L]
with a radioactive element wHich produces a flow of electrons not due,

—-— -
.

. to any chemical reaction. " >

If we take a reductionist stance we- will hold that chemical

reactions ought to be reducible to'the jnteractions among the ultimate

entities of matter (whateves they may turn -out to be), and that

therefore theo;yq T ought to be abandoned anyway. (This would hardly

'
-

be a ‘practical or sensible procedure, but in the present context I

follow Popper.énd concentrate eqﬁjrely on the logic of .the situation).

. . * .

1f, however, the universe is of a different kind, and chemica1

reactions cannot be accounted for in terms of the properties-of

»

-ultimate particles, then in abandoning T we could be abandoning a
e - ’ .

theory which 4s true. A different way of making the same pofint is by
asserting that, each level of reality constitutes a universe .of
discourse and alleged theories hold only for their respective

universe. Reductionism wduld have to claim that the various universes

stand in an igtlusion relation; therefore modus tollens could be

applied and would indeed point'out false theories. 1f, however, the

* -

various universes i of discourse. are not déductively connected then

modus tollens can only be applied within each individual wuniverse of

-

.

s

-e

P
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discourse. We do not know, however, how many levels of reality

‘actually exist. Thus, we never know whether in testing an observation

statement we are really adqdressing the theory we intend to test. If,

for example, we live in a universe of processes which occasionally
. s ,
ipterfere, then we can never know for sure that we are actually tuning

into ‘the process we intend to investigate. There remains always the |

possibility that we are addressing inadvertantly a different process

whose existence we.are unaware of. It is like tuning a shortwave

[}

radio to Radio Free Europe and inadvertantly finding ourselves

& e " ‘ \

listening to Ra¥o Moscow. To conclude from this that the Americans
/ .

have turned communist seems to be premature, to say the least.

We see that whether or not Popper's methodology can work depends

Yo

on the structure of the universe. This, however, we .cannot know a

priori. 1In fact, that is something science’tries to find out. It is

>

therefore not rational to:follow Popper’s methodology. °
It may come as a surprise that Popper, the ayowed pluralist seems
— : . . )
to be committed to .a reductionist metaphysic¢s. Poppers pluralism,
# .

however, is of a’'different kind than the pluraiism‘l envisaged. His

ontology 1is basically an old fashioned triad.of physicél, mental, and

ideal entitfes which are not reducible to e#ch other. With respect to

[ [

"the -physical, however, Popper like Descartes knows only of a one-level:

reality. It is interesting that in this respect Popper can also shake
hands with the logical "positivists who also - according to Bergmann -

believed in one-level physical worlds (Bergmann(1954)lx).

I will give good reasdns in the third chapter

’why we should

belie%g -in a  many-levelled physical reality based upon’a process

+

metaphysics. For the purpose of the present discussion, however, it

-

.

G
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is, of «course, irrelevant whether or not we find the conception of a

’

non-reductionist metaphysics .appealing or absurd, intuitive . or
far-fetched. What does count 1is that there are metaphysical

presuppositions to be found in our methodological constructions and

. Al .

that therefore the view is untenable that with logic we have reached
- .

the bedrock of kﬁowledge. It.. will simply not do to ‘point to

. . -
modus t:TIens or to some system of inductive logic and claim that anya

’

further epistemological problems are théreby eliminated.

The logical positivists and empiricists have tried to elfminate
N - - a
metaphysics from the realm of meaningful discourse, Popperians are

more liberal in that they recognize that our theories are not direct1y>

"induced" from experjence Rut are rather inventions of our own making.

Being invgntion; ‘they might cpme from _any area of human interest,
inciuding myth. and métaphysicsn Yet the role of hetaphysic5 is>much
o more substantial than assumed by the Popperians. What I have tried to
show 1is that eméiriéﬁst and P pperiag metbodolpgies alike share

metaphfsical presuppositions whether they like it or not. This point

is, of .course, not fiew. It was also made by Bergmann who presents a
- - . ‘ - .
careful analysis of the metaphysics of logical positivism

(Bergmann(1954)). The claim ' that we cannot help but employ

metaphysical presuppositions was made most forcefully by the late

» o

~EfA.Bu;tt who writes:

-

There is no escape from metaphysics, that is, from
the final 1implications of any, proposition or set
of propositions. The only way. to avoid becoming a
b metaphysician is to say nothiﬁg......lf you cannot

e
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avoid metaphysics, Wwhat kind of metaphysics are
you likely -to chéyish when you sturdily suppose
yourself to be free from the abominatign? Of
course it goes without sayirg that in this case
your metaphysics will be held uncritically because
it is unconscious; moféover,‘itcwill be passed on
to others far more readily tham your other notions
"inasmuch as it will be propagated by insinuation
rather than by direct argument
(Burtt(1932)227,229).

"

Ri
S

k]

1.4. HOW TO CONSTRUCT ‘A NEW METAPHYSICS

Once we acpept’”khat we cannot _do epistemology without employing

‘metaphysical presuppositions, we can turn this seeming impediment into

an advantage. ' Wégcan construct a new metaphysics and build those
b . ©
features into it which we deem to be essential in order that knowledge

becames possible. I will argue im chapter three that the great
Ll i ‘
epistemological 1issues we have been facing during the past three

hundred ygars have arisen because of the reductionist metaphysics

inherent in western science since Galileo. But why should we just

.

want to stick €o old metaphysical presuppositions if they turn out® to

lead to problematic consequences? We do not ‘know the ultimate

structure of the universg. Therefore,» we can choose a different

metaphysics, one whish may enable us to pose new questions, and we can.

try to find the answers to these questions:
‘ . -

* The proposal that we should construct our metaphysical
. . T

presuppositions rather than fall prey to ,them does not mean, of

17



course, that the selection og a mgtaphysics is arbitrary. Rethér we
should use atl thekpossiETe care as if we were dealing with ultimate
:~ truth, for - afﬁer all - we could hit upon the gorr;ct' structure of
the univergse. It 1is particularly importapt to ch;osg a metaphysics
which fits smoothly with the relevant sciences,i.e. relevang for. the
purpose of doing epistemology. The old reductionist metaphysics is
based upon the pfimacy of . classicalp physics. An alternative
metaphysics should - I want to suggest - take the role of human beings
qua biological and cultural organisms into account. It has to be
possible for such beings to have knowledge about the world. Ih other
words, 1 am suggesting that we should replace the old question o{ 'how
can we know the world' by the new question 'how can the world be such
that we can know it'.

Tﬁere seems to bhe an obvious problem with the ° kind of
metaphysical con%tructivism ‘& am suggesting. The problem is the
circularity about which.I talked briefly above. Does not the approach
I propése beg the epistemologiFal question by presupposing what it
means to prove ? In other word;, if we construc¢t our metaphysics in
such a way that it présupposes a certain vision of human beings and
their relati;nship to the environ{ng worl?, then il will oniously be
impossible to challenge those assumptions f;om within the resulting

epistemology. But this, of course, is true for any metaphysics. This

circu%arity cAnnot be avoided for the simple reason that the theory of

¥ L4

knowledge itself professes to be knowledge.
Yet, there is no reason for assuming that we are dehling. here

with a vicious circle. For any epistemology can be assessed and

evaluated according to criteria of performance. If a new philosophy

18
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provides us with new insights fnto the nature of knowledgepand
improves our understanding of the history of science then. it has

proven 1its value. If it also can serve as a guide to action, then,

indeed, it fulfills the highest standards one can expect from any
s

' o

-philosophy. <3 ' -
The founders of modern science and philosophy, men like Galileo,

Descartes, and Newton also had avision of human beings and their

intellectual capacities. When they constructed.-the framework for

modern science, they built into it presuppositions which were perfecty

e . o

reaspnable.for their times. Duriné the 17th and 18th cé;tury,
however, the science of . classical physics reigned supreme, and tge
view of the cléckwork universe became paradigmatic for future
generations. It has been enly during the p;st one-hundred years that
the iife sciences .have made considerablé proéress.- Yet, .our view of
the universe is still impregnatéd with the old ﬁetaphysical
presuppositions.

In'the third chapter I will look ;n some detail at those views of
man and nature which are implicit in the ﬁechanistic world view which

was born during the scientific revolution of the 17th century. ~+For

the present purpose it is sufficient to note that in classical physics

’ . Y

there is no place for the observer and his properties. Classical

physics presenls us with an objective picture of the world which is’
seen as a world without perceivers and actors. This results in deep

epistemological puzzles. As scientific knowledge is always knowledge

of objects entertained' by éubjects the question arjises: - what’

justifies the elimination og\tefvgfoperties of the observer? How can

a

-

19
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~we bridge the gap between his perceptions which are subjective and the

'
@

externale world which is thoughg to berobjectiveg but about which we
can have knowiedge only through our subjective facuities?

The epistemology I will be déveloping in fhis thesis rejects
subject-independent ”objective"‘ knowledge. fhis, however, does not
mean that knowledge becomes mergly subjective, un;eiiabLeh-aq? biased.
It rather means thaE the categories‘hsubjective" and "objective' cease
to be applicable once we reject the metaphyéical f:amewprk which arose
;ith the birth oﬁ classical physics. Once the properties of the
observer are built into our metaphysical ‘framework, processes like

perception, development, and evolution will become¢ central for our

epistemology as they have not been hitherto.

1

1.5. RQPFERS'S PSEUPO EVOLUTIONARY EPISTEMOLOGY
: |
One may hold that the 'increasing numBer of 'evolutionary
gpistémologies' shows that hy claims are false-and that biological
concepts have already peﬁetrated our contemporary philosophies.
However, a \closer look reveais that those epistemologies turn ouf to
be not that evolutionary after all; that the alieg;d similarity holds
only on a .réiher superficial level. 1In order to substaﬁtiate this
clainllﬁt me take a cloSZQ look at Eopper'srevolutionary epistemology.
we have seen ébo;e that Popper makes it very clear that his

method of trial and error is a logical method and that according‘to

his 'principle of transference' it ought to be carried over into

N\
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psychology, biology or even into the history of science. Thus, it can

hardly be maintained that bioldéical ideas were incorporated into

Popper's

epistemology. Are there other similarities

betwgen

biological and scientific evolution? Let us hear what Popper has to

[

say about this:

5

s * |

. - i
The evolutionary tree growd up from a common stem

“into more and more branches.It is like a family

tree:the common stem is formed by our :common
unicellular ancestors, the ancestors of all

organisms.The branches represent later.

developments, many of which have, to use Spencer's
terminology, 'differentiated’ into  highly
specialized forms.... . ’

The evoiutionary tree of our tools and
instruments looks  wvery similar.It started
presumably with a stone and a stick;yet under the
influence of more and more specialized problems it
has branched  into a -vast number of highly
specialized forms.

But if we now compare these growing
evolutionary trees with the structure of our
growing knowledge, then  we find that
the growing tree of human knowledge has an utterly
different structure.Admittedly, the growth of

applied knowledge is very similar to the growth of
tools and other instruments:there are always more
and more different and specialized
applications.But pure knowledge (or 'fundamental
research' as it 1is sometimes called) grows in a
very different way. It grows almost in the
opposite direction to this increasing
specialization and differentiation.

When we spoke of the tree of evolution we

assumed, of course, that *the direction of time
points upwards-the way the tree grows.Assuming the
same upward direction of time, we should have to
represent the tree of knowledge as springing from
countless roots which grow up into the air rather
than down, and which ultimately, high up, tend to
unite into one common stem.In other wards, the
evolutionary structure of the ' growth of pure

‘knowledge 1is almost the opposite of that of the

evolutionary tree of living organismg, or of human
implemerits, or of applied knowledge.

m
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This integrapive growth of the tree of pure “
knowledge....is the result of our peculiar aim in R
our pursuit of pure knowledge..... : )

our aim of getting nearer to the truth -
explains the integrative growth of the tree of
knowledge. - . .

In pointing out the difference between the
evolutionary tree’of instruments and that of pure
knowledge I hope to offer, incidentally, something
like a "refutation of the now so fashionable view
that human knowledge can onl understood as an
instrument in our struggl® for syrvival.....If our
problem is a purely theoretica one - one of
finding a purely theoretical gxplanation - then
the criticism will be regulated/ by the idea of
truth, rather than the idea of helping us to-
survive (Popper(1972)262—4,my italics).

7

There is a half-hearted, almost contradictory flavor to Popper's
. 'evolutionaty epistemology'. On the one hand he empﬁasizes?the
‘universality of the evolutionary method which is the méthdﬁ of trial
and error, of conjectures and refutations: "The fun;amentai procedyre
-of the growth .of kndwledge remains that - of conjectures and
refutations, of the elimination of ;nfit explapations....Einstein may
err, precisély as the amoeba may err'(Popper(1972)264-5). On the
other hand Popper does stress that the evolution of pure knowlgage
differs fundamentally from the evolution’of applied knoéledée and of
biolggical evolution. Pure knowledge is;directed towards unification,

other kinds of knowledge lead to diversification. Progress in

seience, howev;;; means for Popper - as we have seen ab&ye - progress
téQards theé truth,i.e. progress .is identified with theoretical
progress. In other words, precisély in that area.of the growth ;f
knowledge which "Popper considers most fundamental fé} scie;tigic

- i . ’
progress evolution shows just the opposite pattern as - according to




-

3

Popper - we would have ‘to .expect if we were to take ' the evolutionafy

r
)

metaphor seriously. -

» ]

" Popper’s so-called 'evolutibﬁary epistemology’ owes no debt to
the findings of biology or any other life sciences. Wefhave seén
above that he conflates epistemology with methodology and methodology

with logic. The method of trial and error is, in his own words, a

logical method. Popper applied ther evolutionary label much later,l as

is evident from Die Logik der Forschung which already contains all his
later views withoutqvcalling them eVolutionary. (There .are other

important .ideas which he deVeldped in later works, for example the

.

)
concept of verisimilitude and the three worlds ontology, but those

ideas .are of no interest for the present discussion.) Thus, Popper's

-

emphasis on e&olution appears to be a political move by which he may

hope to make his methodology more attractive to all those philosophers

@

and scientists who think that it is time for philosophers to take

biological concebts more sefiously. - -

1.6. HOW TO CONSTRUCT .

A NEW EVOLUTIONARY EPISTEMOLOGY

. i
The evolutionary epistemology I will be devel&ping in this thesis

" turns the standard approach on its head. 1 will have to say very
. )

litcle abéut-'the evolutionary method' - if there is such a thing -

but will rather concentrate on the evolution of the perceptual and
conceptual capacities of living organisms in biological evdlutlon and

. . o . ‘ ¥4
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the continuation of this process in human cultural evolution

- ‘ :

culminating in the evolution of modérh science.

iet meAHeginﬁ5§ showing that - contrary to .Popper - hiofogical

. a

'evolhgion' is not only 'distinguished By fncreasing diversity but shows

_equally dramatical, integrative tendencies. " Those tendencies are

L

« " . . strikingly demonstrated by the development of the central nervous
system: i )
’ \

‘ . L3 ) . »

. When we cgrsider the - lower animals

., particularly se in which there is little or no -
- development of the CNS (arnimals such as flatworms,

- ¢ séa anemones, and star fishes) we often get the F

strong impression that the animal 1is only in a -
) very loose and elementary sense an integrated - .
organism. If we agree that in a great many of the
- .. lower animals 'mind' must be multiple, it appears
that one of the most striking features of the
progressiveness of the evolution 1is the way in
whi'ch it has led to a very slow and gradual -
integration of all the centres of mental-activity
into a single one (Thorpe(1968)94). :

>

L

@ ’

Be it in phylogeny or ontogeny, in bfblogical or in cultural

g
.

evolution, integrative processes play a central role. There is no-

_substantial difference between biological and scientific evolution in

¢ . . v .
\ - this respect. Diversification and integration appear‘as but two sides

’

of the same coin. The 1ncreasing ‘capacity -of “the ’central-knervous

.~

. syst;m enables highly evolved .6rganisms to adapt. to heterogeneous
4 - . ’ .

environments. 1In this*process the organisms shape and transform the’

. . . L
world creating new niehes for themsqf$es which in "turn enable other

-

. species to diversify and to evolve. - L

e . [ - » -
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The increasing integration of modern science, too, has Tesulted

in, the construction of more powerful scientific theories which enable

human beings to,ekplore new ways of living.' It has been said often
\ . ] N

| ’ °

enough and needs no special amphasis that‘scieﬁhe not only tells us

something about the world bwt also transforms it. Be it in biology or

¢

in stience, integration, diversification and ecological transformation
' i)

[

-
« «

are intimately ‘intgrtpnnected processes, requiring a common and
g ’
unified evolutionary explanation.

It ma§ be said that the kind of integration Popper talks about
and the kind 1 envisage are very different indeed. Popper talks about
a reductionist integration'of scientific theories (as an example- he
mentions the reduction of . Kepler'é to Newton's
theory(Popp;r(1972)262)),'whgreas I talk -about the -integration of

b *

various intellectual capacities.” But, of course, this difference in

,ﬁhe meaning of 'integration' merely reflects the underlying difference -

-in’ the metaphysical outlook. Popper lets the evolutionary tree grow

upside down because he wants to insist ‘that progress in scierfce is to
r »
be identified with progress towards the truth. There seems to be no
Z - .
equivalent to this notion 1in ' biological evolution, and therefore

Popper's evolutionary . epistemology -turns out not to be that

evolutionarydifter all. For Popper, truth is the ultimate - though
perhaps wunattainable - goal. In-.evolution, however, there can be no

ultimate ‘and absolute goals for the simple reason that the evolution

itself alwéys changes the rules of the game‘with the consequence that

.t

what appears as a desirable goal today, may turn out to be a mere

obstacie within™a d;fferent future context. ’ ‘ -

*, 4 * X

I suggest that if we want to create a new, genuine evolutionary

25
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. ’

epistemology, where all trees grow:in the same direction then we have

»

: Sa-
to take the capacity of living things into account;the capacity to
interact with their environment and through this interaction learn
v " . ’ & :
about and tramsform it.

.

It may be objected against my approach that the c¢oncepts of
'capacity' and 'improvement of our capacities' are r&ther vague, not

suitable for cgreful philosophical analysis. At this stage of the ' . .

.

discussion this is indeed the case. Yet,'it is precisely the goal of
1 - . )

£his thesis to scrutinize and elaborate on these concepts. It is
* Y

hoped that every chapter will contribute to the needed conceptual

cTarification, and that by the end of the disstrtation I will _have

demonstrated .that the notion of 'capacity' %i not so vague after all.

~

. To present a full .fledged definition at such an early stage would be

premature and would raise more problems than it would solve.

~ PN

. ' o 1.7. THE PROGRAM:

A JOINT CONSTRUCTION OF EPISTEMOLOGY AND METAPHYSICS

Let me now recapitulate the main thrust of the arguments

presented in . this chapter and indicate the further, direction into ’

. )
.

which they will lead us.

In the traditional approacH progress ip.science is considered to

be progress towards one desirable goal, i.e. the truth. Phiiosopherﬁr_

’
>

of science have beer trying for the pastu three hundred years to

understand this process and ﬁrovide sclentists with normative rules to




guide ;hem in their endeavors. In this task philosophers have been as
unsuccessful as scientists hav;’ been succégsfgl in theirs. This
strange dichotomy is in need of, afl explanation. It appears tha;
scientists ha;e been doing.something riggt and that philesophers have
perhaps been altogether wrong in their'ass;ssment of w?at scientists
afe doing right. | .

I suggest that what may_ be at fault are the wunderlying
metaphysical presuppositions employed in methodology. In other‘words,
what I am suggesting is that the nature of the world may be such that

. {f scientists were - to follow the standard methodological
prescriptioﬁs,‘they would neceséarily fa£1. fhe idea that metaphysics
ﬁgy be of crucial j&portance for methodology may appear strange, yet
it is quite clear that any proposed method carries with itself
presuppositions concerning {he nature of the wor¥d and the nature‘of
the observer. 'Any proposed mthodology assumes that thé structure of
the world is such that the method can work and that the nature of
human Beings is such that they are - at least in principle - capable
of following thg methdological préscriptioy.

[

Such presuppositions‘should.not simply be taken for granted but
:£ou1d’ be brought to the open; scrutinized, and ;bandoned if found
'wénting. This I will do in chapter threef There I will dischss the
almost wuniversally accepted metappysics of reductionistic atomism and
will ‘argue that our current epistemological problems can be seen as a
.-direct result of the un;riticai accepténce of that worldview.
Therefore it becomes a crucial task to develop a new metaphysical

framework which does not lead to deep épistemological problems. 1In

the construction of this framework I will be guided by the idea *that

27
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we should replace the old epistemological question how can we know

the world' by the new question how can the world be such fhat weé can
know it'. I will argue that such a universe ﬁUSt be a universe with
observers, in-particular it must be a universe where observers can
. . .
change their own characteristics, i.e. where they can improve theit
knowledge. In such a umiverse evolution must be possible. This
S0 ' ‘
appears to be "a réa;onable demand if we consider t?at huma; beinggm
including thir perceptual capabilities are a result of evolution.
Further, the’vevglution of knowlnge and of culture can be seen as a
continuatiop oéggbé evolutionary process, though on a linguistic

-

instead of 'a genetic basis. Seeing evolution as a Hfecessary
prerequisite of human knowledge I will construct a process metaphysics
within which evolution 'becbmes possible. . This construction will be
based on non-equilibrium thermodynamics, in particular Prigogine's
., work on dissipative structures. ,

After havigg develéped some understanding of what kind of systems
can underga evélutionary changes we can use that model for the
‘géncépéuglization of scientific knowledge. This I will do in chapters
four and five,

Whgt is.still missing in this dissertation is the development of
a comprehensive case study in the history of science which could
demonstrate that the proposed model 1is not only of theoretical
interest but has ‘also practical applicébilitj. Because of time

«

limitations this has. not been undertaken in this thesis. For the same

-

reasons 1 also do not  discuss alternative models of scientific

»

progress- which have been proposed by other members of the

philosophical community. A comparison between their ideas of




El

scientific development and those put forward in this dissertation
= , Y

- [

remains a' desideratum.

s

In the model I will be developing, progress 1in science becomes

.

progress in our intellectual capacities to apprehend the world. This

.. ] ' . ‘
view is just the opposite of the standard approach where the human

)

. g
sensory and conceptual capabilities are belittled

show us the world as it really is.

-

The question arises whether or not it makes sense to speak of one

reality out there, waiting—4# he comprehended, and whether we should
. . i )
view ourselves as separated from this reality, incapable of seeing it
-~ .

.

directly,  whether - we should visualize ourselves as being caught in a
dimly lit cave, needing a guide (i.e. a.p}gper method) to lead us out

of our perceptual and conceptual limitations towards one immutable and

»
timeless truth.

In a truly evolutionary view this ideal of knowledge becomes

v

untenable. We do not know in spite of our . imperfect organs of
sensation and conceptualization but because of thém. If it is true - -

and I,thi?kvit is - that our sensory-organs color what they transmit,

that any perception involves interpretation, that we can view the

world only through the lenses pf;vided by. our conceptual categories,

.
:

. .
" H

then that means on‘the present view that the nature of the world is

such \that without the structures imposed on it by perception an@

i

conception meaningful pat;erﬁs or regularities could possibly

emerge.

Is it possible to visualize such a world? 1In order to spdtk the

»

reader's imagination let me present a metaphor; We all are familiar

\

e"they do not

Y T
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'scienc' as an extension of percepti!%. *

. ‘

.

with the occasional interferences of various radio signals when we

attempt to listen to one specific stat}on. Imagine a particularly

.

poor receiver which conflates not only neighég;ring frequencies, but’

.

‘even those that are far apart. Clearly such a radio would be_ useless

—

.

and we would prefer one which can receive merely: one particular

‘Favelength, but that one clearly, to one that receives many but

s - Y -

conflates all of them. We can, however, improve our simple radio by

o
Al

developing the technology to tease the various signals apart. :By

improving thg internal design of the®radio receivér we can achieve an
- o

ever finer tuning into many frequencies.

[ v
.

Our perceptial organs can be compared to such a “simple” radio.
e ’ \
They receive only a small spectrum’'of the frequencies which surroind

us. But if they could receive all of them and were to conflate them

.and see the world as it is', this world would be unknowable. By

Aimproving the design of the observer he can intrease his access to the

'/
frequencies in an orderly manner. I will argue that this is what

v -

happens in science, and I will therefore discuss in the next chapter
) v

q r S
In other words I conceive the world .as being a rather messy
< v

entity. Changes occur at the levels of the elementaryparticles,

atoms, molecules, phenotypes, families, sqcieties, planets, stars, and
galaxies, and those p&anges occur all at once. If we are to haver

knowledge in such a universe, we' have to learn how to tease the
. L]

‘various frequencies apart. This is what the human species Has been
: ¢

learning dugring its perceptual and conceptual evolution. By improving

the internal design of the observer (i.e. developing inc}easingly

v

sophisticated conceptual frameworks), more and more realms of realfty,

. !

£
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have become accessible to him.

To envisage scientific progress as progress in. our intellectual
. ' » - -

capabilities to aﬁprehend the world, brings scientific knowledge

3 a .

rather close to practical knowledge. 1In the latter type of knowledge

it is clearly the cmse that to progress means to increase one's
Lo

capacity to act in a meaningful well coordinated manner. e

-

I will therefore begin the next chapter with a discussion of

practical knowledge and thereafter rajse the question of what it is

that distinguishes practical from theoretical knowledge.

-
» N
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CHAPTER 11

2,1. THE DISTINCTION BETWEEN PRACTICAL A

N

AND THEORETICAL KNOWLEDGE

v

N Every adult human being possesses practical knowledge, though to

a greater or lesser degree. It is the knowledge we need in brder to

-
unlock a QOOr, cook a meal, drive a car. This type of knowledge finds

v .
[y

its best exemplifications -in thé’various skills practiced by craftsmen
and artists. It is important ngly only for our. everyday life but
provideé "also the fodndation_ for other, more theoretical forgz of
knowledge. Without skilful instrument makers no measurement could be
taken, no telascope‘could be builf, and no modé!k’chemical laboratory

could function without the art of the glass blower. N
s . )
In practical knowledge the artisan directly interacts with the

object wupon which she operates and which she transforms. She sets to

her task with a certain idea in mind, a plan which she attempts to

trans}ate,into the material at her disposal.’

The knowledge';equired for the successfyl performance of a craft

. /

is knowledge of how to do something. "This does not mean that

* theoretical knowledge will.be of no use. On the contrary, knowlédge'

LY

. A ) v




of the physical - properties of materials or of newly developed

" techniques is of great importance. But this theoretical knowledge

v - .

only becomes relevant for the craftsman if it” can be inkegrated into

the actual pfocedures employed in the performance of a craft. - For

example, a glass blower may order a newiy developed t&pe of glass

which he thinks suitable for special demands in the laboratory "for

which he_ works. Only 1if he is skilful enough to bend that new and

unknown mateﬂial to his plans, only if he succeeds in transforming it

into a function&l apparatus will his theoretical knowledge have.ahy

| .
actual significance with respect to the practice of his craft.

In order to acquire a certain skill we have to learn how to

coordinate + our physical and mental capabilities in such a way. that we
, J . ) '
. can perform a task successfully. Practical knowledge is certain and

{ - +

-

/ indubitable in the sense that there are set public criteria which

y | . :

specify when a person can be said to have mastered a certain skill.

Aside from this public asﬁect, it has alsozlkhighly personal aspect,

-

because practical knowledge is not about the external world, in fact,

it is. not about anything at all. Rather it is embodied in our own

>

activities.
The coordination of our various #culties into a smoothly running

goal-directed activity 1is fundamentally a personal experience which,

- if well performed brings with itself a highly satisfying experience.

e When we attempt to impréve our practical knowledge we dé‘ it
" through exerfising the respective skill, and; dhe Lo the personal

aséect of practical knowledge, we wusually can ascertain, very 'well

' ourselves whether or not we.have made progress. T#us, after having

- practiced a skill for a long time, say skiing down  a ;teép mountain:

\ a

)

. s




slope, we will know whether. or not we have done wells We notice

ourselves the better coordination of our movements resulting in a

\ . ‘
smooth and 1ideally effortless -harnessing of gravity. Once our

personal judgement is supplemented by a positive assessment of a
qualified external observer, we can be sure that we have reached a

certain level of proficiency in the skill or craft we are attempting

-

to "master. The -existénte of both -public and -personal criteria

ensures that we will never be in actual doubt as to whether we have

. . ' \
mastered & particular skill or craft.
’

There is thus no 'problem of knowledge' with respect to practital

. . ' . ‘ o S
knowledge. The immediacy of the private experi%%de cqﬁ%ined with the
. . . ( n_ﬁf%i’f‘ S
comparative ease by -which - public . critggia of progress can be
. . 4

s

established, make it appear enviably unproblematic compared to

theoretical knowledge.
Nevertheless both kinds of knowledge are common to all normal
adult human beings. In the performance of practical, as well as in

the search fér theoretical, knowiedge we~ make use of our various
organs of sensation and also of languagé. ]

5 Wethave seen that practical knowledge is a&acquired through the
4appropriate coordinationiﬂof various human faculties. The question
therefore ar%ﬁes whether we can accountjfor theoretical knowledge as

‘well by inquifiﬂg into the organization of our human resources.
Before we ;an do so, however, it is iﬁportant to pinpoint the c¢entral
difference in both kinds of kné;lédge. ¢

Theoretical knowledge 1is linguisticalfy formulated. and is

knowledge of objects.. The ‘goal of tMWoretical knowledge 1s to find

P
the variouscptoperties of and relationships between objects. In

v .
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practical 'khowledge, the role of objects is, however, very different,.
Here objects are known in a very personal way. They ‘pose resistance
to our activities, thereby indicating the success or failure of our
operations: The crafésman may create new objects or may wuse objects
in the performance of his craft. Thus objects serve either as é means
fof achieving a certain end or they are the end themselves. If we
assume that our mental and physicél faculties are coordinated in such

T

a way that' they can best achieve their respective goals , then we have
to conclude that in fhe case of a craft, our various human resources
are coordinated in such a way as to enable us to create or improve
‘objects. In theoreti§a1~knowledge, however, those very same facultieg
must be coordinated in a different way. There we want to find out the
properties objects have qua beiné objects and we do want to eliminate
-
those properties wHich,are contingent on the observer, that is, we 'are
searching for - those facets,/of the e#ternal world which are invariant
L d . e
with respect to the operations we perform with ‘and on them. Put
another way, .the created object sarries inevitably with itsglf the

imprint of its maker; the object which is of cognitive interest, -
t

however, must - appear to be' neutral With respect .to the -various

. manipulations it undergoes in the process of analysis. If we want to

understand how our - various human capabilities are organized in
theoretical knowledge we have to begin by asking how it 1is possible

that we conceive of imvariant objects'in the first place.

. s
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2.2. THE CONSTRUCTIVE NATURE OF PERCEPTIONa
The fact that we see objects located in  space 1is,indeed,most
astonishing. The greét physicist Helmholtz had already pointed out in
the 19th centﬁry that sensory activity starts at the surface of our
body, yet we experience 'things out there'.(1) For the optical images
in the eye are nothing but patterns of light, The retinal images
consist of 1light and dark shapes and areas of color which the brain

¥

has to interprét in terms of the received retinal patterns. It is as

.
v

a result-of tﬁis interpretation that we see objects located in space.
Gregory emphasizes the interrelationship between eyes and brain by
calling our eyeé "intelligent eyes", i.e. organs of sensatiog which
are connected to the central nervous system in such a way that they
i
can utilize the constructive power of the mammalian brain. Thus the
retinal patterns are synthegized by us into objects (Gregory(1970)).
That, of courge, gy itself, does not imply that there are no external
objects. It only mean; thét the received sensory information is not
sufficient to give us direct and non-ambiguous experience of three
dimensional entitie®. Our propensity to interpret received sensory
information in terms of objects becomes particularly'évident.in cases
where there really are no“externai objects, but we perceive them
nevertheless. Indeed, {t 1is very difficult for us not to construct
objects out of ;ensory data. We '"see'" faces in the clouds‘and project
our object hypotheses onto virtually everything; a fact used by

psychologists in various tests. Thus people who are subjected to

these tests (for example, the Rohrschacht test) will tend to see

different objects when confronted with amorphous shapes. The object




hypotheses selected by these .persons will* then ~indicate certain
beliefs they hold. Thus it has been shown ‘that our beliefs and

perceptions are interrelated.

a

Since perception is a matter of reading non-sensed
characteristics of objects from available sensory
data, it is difficult to hold that our perceptual
beliefs - our basic knowledge of objects - is free
"of theoretical contamination. We not only believe
what we see: To some extent we see what we
believe (Gregory(1970)15). ' .

What are the episteTological implicatio;s of the theory ladenness
of perception? Do we have to.forfeit the hope that genuine knowledge
is possible because what Qe see is not simply the yofld 'as i;nis'?

I do not think. that sucﬁ\a sceptical‘coﬁclusion should be drawn
from the existence of perceptual bia;gs. For: after all, what could
it mean to see the world as it' 'really' is? There is no absolute
/stabi;ity in this wuniverse. ‘fhings which appear stable to us, for
example chairs and tables and -rocks, are only stable within a.
particular time frame. If our lifespgn were much longer, and our
perceptions accordingly slower none of these ijects would appear
stable at all. On th; other hand, if we could perceive the éhaotig
movements of molecules then again there would appear to be no
stabiiity in the world. If the sense of smell ;ere as important to us
as the sense of sight we ;ould emphasize different features of this

everchanging world, and again 1if we could "see' the worldfaith the

. radar system of a bat, doubtlessly different stabilities would appear




.

to be 'obvious'. The-world is too rich to be captured in its entirety
by any one creature. Everything is in constant flux, thus stability

cannot be anything absolute but is always relative to the dimension of

time and to the sensory-equipment of the organism. It is clear that
- L4

} . -

among all those changes* some are of the utmost importance to us,

.

whereas others are too fast (e.g. the movements of the atoms), or too .
slow (e.g. most geological changes) to have any immediate importance
for the central evolutionary problem: how to -survive in that ever

changing world. The problem thus arises for our perceptual system of

. how to filter all this potentially available information and sort it
, with respect to the need of the organism. \
;o
The available information is most dramatical]ly delimited by the ' y

-

physiological structuse of thé eye itself, Ourxvisual‘sense‘allows us
only to pick out a very small range of frequencieé; we cannot 'see'
microwaves or léng' waved, radar or x-rays. Our eyés are sensiti?e
'only to a narrow regipnvgfrihe total electromagnetic spectrum. Within
that small region different wavelengths give different cdlors which
together form what we call 'light'.

Because of these physfological limitations most of the changes
occurring }h the universe are forever dnaccessible to naked-eye
observation. Even those changes which are accessible  .to our Qisdgl
sense arid which p;;duce changi;é patches of color.on the retina are

highly ambiguous. This raw material must be processed beforé it can

yield useful informétion.

.
-

The most important problem our perceptual system has to solve is

to distinguish .between genuine changes which may or ymay not be

v
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causally connected to us and apparént changes which are internal to
g

the observer and do not depict genuine change at all. For example, we

close our eyes and the world disappeags for us, but, of course, it

does A;: reall§ disappear. We turn our head and immediately.the world

appears to be different. Here again the occurred change tells us only ..

something about ourselves but not about ghe world. What we need to

learn is to distinguish the properties of the observer from those of

the }bbsegved, or, ‘to say it'more precisely: as a first step on our

road to knowledée we have.to establish‘the identity of ,the\ observer
B

ana demarcate him from the rest of the world.

For the adult human there seems to be no problem., We simply know

that the world does not change, just because we close our eyes or turn

our head. Yet, this knowledge is not simply given, but learned in

early childhood. -Occasionally, like 1in cases of drunkenness or in
. .

certain diseases (for exampie,- Meniere's disease) the <constructive

power of our perceptual system becomes manifest even in adults. In
i
Fd - °

those cases these constructions break down and the world seems to spin

when we turn our head; this results in a complete disorientation.

3

Piaget has shown in beautifully designed experiments how the

* ' »
young child learns to distinguish between{changes dependent and those

'independéntﬁdf her .own perceptual activity. In order to arrive at the

concept of an object independent to her she hg%fto“learn to coordinate
her sensimotor experiences with the visual patterns in the eyes, Out
of the chags of, fleeting, ever-changing impressions, she will learn to

demarcate objects which are precisely those entities which remain

invariant with respect to her own perceptual activities. The concept

of a permanent object is not given a priori but'a result of a learning

-+ . ’
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process within which the c¢hild constructs parallel to the notion of

/

her own self also the notion of '*things' outside herself.

-
+

Yet, to have acquired the concept of an object is by itself not

enough to give us a trustworthy account of external changes. In order,

to account for these we have to assume a stable framework against

*

which we can measure change. The most fundamental framework of this
kind is the 'event space',i.e. our space-time framework. Within it
we organize our experiendes,‘order them in their spatial and temporal

relationships. To know whether an object is right or left, in- front

or behind us, whether an event occurs before or after another event is
ael :

of central importance if we are to survive in that ever-changing world

°

of ours.

- . T

It was the profound insight of Kant to realize that if we want to

account for any change at all, we have to-place it within a spatial
and temporal context. Yet contra Kant, it seems to be clear now that

the categories of space’ and time are not given a priori, but are

rather - developed in early childhood anew for each individual. That is

-

to say that although the cétegories of space and time are logically
prior to any account of ordered change they are _not ontogenetically

prior. N

Interestingly enough thgre.appear to. be cultural differences with

-

respect to our constructions of space. In order .to make those kinds
of constructions amenable to scientific inquiry. it’ is ‘' necessary to

investigate cases 1n which the constructions fail to achieve their

-

purposes,” i.e. where we do misSrepreseht spatial relations. Gregory

has 1investigatéd and deSicted many. of these misrepresentations. It

- -

turns out that people living in different environments do react

)

ey

o
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differently to certain experimental situations. A particular kind of
figure which typica}ly will be misinterpreted by people of our western
culture may be seen correctly by representatives of other cultures.
The Zulus, for examéle, rarely encounter rectanéular structures. They

live in huts whieh are round, they plow their land in curved figures

°

4
and even their possessions .rarely have corners or straight lines. It

~>

turns oust that they, are 1éss susceptible to illusions due to
3

misinterpretation of perspective than we who are surrounded by

rectangular rooms, houses, and many other straight and cornered:

objects (Gregory(1966)161-2).

In our spatial constructions -we learn how to order objects
’ g

according to the greétest likelihood of their possible arrangement in

space. Generally we are very successful in this endeavor.
Occasionally, however, we are deceived. It 1is then that the
constructive nature of Sur perceptual system becomes ®evident. People

-
.
.

living in a different "kind of environment will learn to hold other

features constant. " They will therefore not be pronel to the same

deceptions as we are, though certainlﬁifhey will encounter illusions

characteristic of their respective kind of environment.

During early childhood we learn that there are objects and how

they are located in space and time. In that process we coordinate our
- -

various sensory worlds, i.e. those of touch, taste, color, and sound.

As a result of this coordination we learn to distinguish between

b

entities which rem;in invariant with respect to a variety of these

sensory modalities_, and those which do not. The former we call

e

objects, the latter are entities of our own making, caused by the very

"
1

-
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activity of perception itself. For example, the afterimages we see
after having stared into a lightsource will 'move' with us, but cannot

be touched or smelled. To introdéce a notion from systems theory:

’

the afterimage is not robust, i.e, not amenable to independent

multiple determination. A ball, however, is an object. As such, it
|

B | ; . ; .
can be felt, smelled, heard, and seen. What remains invariant with

LY
'

respect to those  various: sensations is the object 'ball', a robust

te

entity, localizable in space and time.
9

«

A remarkable complex central nervous system -is needed for the

integration of the information coming from our various senses. In

this process the brain has to relate together not only the three
. .

spatial dimensions but also color, movement, .and other

object-characteristics. "Visual perception is thus always indirect and

LY

requires interpretation, It is therefore secondary to the senses of

’

touch and taste whose activities result’ in immediate reflex action.
Thus a hand will be withdrawn instantaneously without the interference
of thought, once extreme heat is felt. Gregory calls these responses

o ]

"primitive-pre-perceptual . reactions

not to objects but to physical conditions"(Gregory(1970)12,5?'

italics). He points out that .

touch, taste,and temperature- senses must have
developed before eyes: for visual patterns are
only important.when interpreted in- terms of the
world of objects. But this.requires an elaborate
nervous system (ideed almost a metaphysics) if
. behavior is controlled by belief in what the .
- object 1is rather than directly by sensory
input....... :
Eyes give warning  of the future, by




N
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signalling distant objects. .It 'seems very likely
. that , brains as we know them could not have
developed without senses - _particul y eyes - )
capable of providing advance information, by e
signalling the presence of distant eobjects.,..Eyes-
s require. intel ligence to identify and locate
objects'” in space, but intelligent brains could
hardly have develeoped without eyes. Eves freed
the nervous - system from the tyranny of reflexes,
leading to  strategic. planned behavior and
ultimately T to abstract thinking
& N .(Gregory(1970)12-3,dy italics).

<

Yy B

I

Direct,immediate, non-theory-laden experience is confined to LT

L

°

primitive sensations of touch and taste. Vision which certainly - at

-

least for human beings - is the most powerful of the senses removes us

from the direct impact ©of 'the external world. It thus provides.

>

rincreased safety and foresight, The tremendous advantage resulting

-
k) -

\ < . »
from .a sophistjcated eye-brain system has, however, its price. In

removing us from the immediacy of experience, perception becomes

inevitably theory-laden.

Perception is not determined simply by
stimulus  patterns; rather it is a dynamic
searching for the best interpretation of the

"available ddta. The data are sensory signals and
also knowledge of the many' other characteristics :
of objects. evstes.. It seems ‘clear -that .
perception involves going beyond the immediately
. given evidence of the senses: this eviderce is
assessed on many .grounds and generally we make the
. best bet and see things more or less correctly.
But the senses do not give us a picture of the
world directly; rather they .provide evidence for
thg checking of hypotheses about what lies before
us. Indeed, we may say that the perception of an
object is an hypqthesis, suggested and tested " by
sensory data.seiseses When a perceptual »
. ‘ hypothesis - a pegception - 1is wrong we are
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misled, as we are mislead in science when we see
the world distorted by a false theory. Perceiving _
and thinking are not ifidependent: 'I see what you '
mean' is not -a puerile puh, but indicates a :
connection which is very real (Gregory(1966)13-4). .
» ) l“-
. . / \
. A . . .
In our everyday life .perception is very reliable, so much sd that
one still needs arguments and scientific evidence to convince the
empiricist — if he can be convinced - of the theory-ladenness of
- @ L
perception. Our success in making the best perceptual guesses, ,
however, should not surprise wus. It 1is the result of a long
. . ’ -
evolutionary process during which nbtural selection favored organisms,
./ which succesgfully integrated their various sensory systems. One of
. ) s ’ . . > -~ ! . . v
.the most important evolutionary inventions was the addition of the .
- * »
second eye which allows us to perceive how objects lie in space. Our A
- L]
two ceyes give slightly different projections which, togethér, result N
v
in stereoscopic vision. This adds depth information and allows us to
judge correctly the three—dimensional‘relatipnships holding between )
< -
external objects. Gregory.points out that R
.
‘ . ’ -
. . - 2 .
4 4 .
- vision is essentially an indirect source of size V.

- and distance information: it is logically .
mecessary that retinal images should be calibrated * .
against direct measures, such as touching objects

¥ or walking towards them and recording the size
¢ - +  change' at the eye (Gregory(1970)104,his italics). . o
' - . .n . . -~
- ¢ o “ v
L}
" ~ - L . .
' . During ontogeny humans (and tost’ likely also other. highly ‘
] ) u ’ ’ . .
. - developed mammals) learn to integrate their sensory capabilities such
. - 2
. ’ ’ ‘ . »
. - . ’ 9 .
. ’ - ) . 3 .
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that tﬁey can locate stable ~obj§dts within a stable space~timé
. < *

framework. Eventually fheyﬁcome to view themselves ‘as Being placed in:

4
.S
——

a stable world independent .of their qwn perceptual,'activities. This

‘v

view comes so natural to us that we forget that it is a result of a

. -

constructive process during which we learned how- to organize our
L4

<4 .
experignce. In {nteracting with the environing world we learntd to

distinguish between ‘changes due to -our own perceptual acfivities and

those due to events occurring exﬁernaily and independent of us. Thus

s

‘we move from an extremely egocentric view of the world to a conceptual

framework within which we cén“distinguish between subjects and

objects. It was Piaget's great contribution to show' that the

subject-object distinction 1is not unproblematic or*naturally given,

. v

but the result of-a cohstructive process involving the coordination of
our sensorimotor skills, As a result of an ever increasing web of

coordinations we develop not only the subject-object distinction but

3

‘alo our space-time framework without which we could not, distinguish

e . o a

between genuine and apparent changes. ' ’

w

-

because the world i% far too rich to be &aptured‘by one single

,
.

perceptual or cgnceptual framework. In order to survive in this

ever-changing universe we have to be able to react to those changes

-

which are of immediate imporfance for us. Our physiological eéuibment

assists in this task by seyere?y restrict{ng the kind of changes we.

°
s

cah detect. - Our eyes are sensitive only to visible 1light, and, hqs

.

surprisingly, most changes which are of great immediate importance for

us lie within "ts range.

k3 r *

In spite of these. restrictions the patches of color which are

~ -

1 have argued that we cannot see the world 'as it reajly is*

45.
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received by the retina are sotill highly . ambiguous and in need of

interpretation. In particular it is important to distinguish betweeh

L2

genuine 'external' changes and -those  due to the act of perceiving

itself; 1.e.: we need the distinction between subjects and objects.
. :

By actively exploring its'environment the infant learns to form the

] ;
3

conceit of an object. The latter is a robust entity which remains

wr
R ]
invariant with reéespect to his perceptual activities. However, the
formation of the concept of an object is by / itself not _enough to
.' N - -
enable the young child to understand the chapges an object may or may

not undergo. For exémple,‘Hé wili nqt know whether or not a ball

which has rolled® under the bed does or does not continue to exist. In

. order to gain this understanding he has to develop “a 'concept of

A < *

physical space. Within this  space he learns to.locate objects at
' » . , " -

varying distances utilizing stereosgopic vision, or changing parallax

»
<

as the head moves. ,

.

2.3.'THE CONSTRUCTIVE NATURE OF SCIENCE

Central to the preseat discussion is the fact that in order to
account for change we have to assume something, an entity or process

or structure that does not ‘change. In-a universe where everything was

changing ~ completely randomly so that there were no underlying

structure or r@gularity detectable, knowledge about the éxternal world - -

&

would be impossible. It is safe to assume that our universe is not of

this kind. - Still, it is anything but easy to find the génuine

' .

.
’
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invariant® relationships holding between the ongoing processes.

Doubtless our knowledge of these relaq}onéhips has grown considerably.
Still, we have to start with something, some presuppositions which may ~
enable us to bring order into that otherwise erratic -and

incomprehensible world. All organisms have some perceptual - and the

higher developed organisms also conceptuél - equipment. This largely

determines which kind of changes can be perceived and conceived and o |

what is held to be constant. .

Human beings - and on this planet they seem to be unique in this

-

respect - have learned to explore different levels of reality. They
have extended their perception by‘devevoping ever morev éophisticated
instruments and theories, Iéxp‘loring.changes far beyond the range of
vis%ﬁ&é Iight.‘ It seems therefore natural to view science as an
extensio; of perception and ask lwheéher our undefstanding of

perception can aid us in the wunderstanding of the structure and

dynamics of science.

The idea that science can be interpreted as an- extension of
perception is, of «course, not riew. It has been suggested, for
example, by Bohﬁ (Béhm(1977)i~and also by Gregory who, indeed, has
taken some substantial steps in the elaboration of this idea
(Gregory(1970)). |

+

Yet, as valuable. as Gregory's approach is, he makes no attempt to
put his insights into a wider philosophical perspective, in particular
he does”disé—uss the profound epistemological and ontological

implications connected with such an approach. This, incidentally, is

not meant to be a criticism of Gregory's insightful ‘work. Phifosophy




is a vast and demanding subject which requires many co-workers for the
attainment of a full—fledgeq_ and satisfying interpretation. Any
appfoach that succeed; ip enriching philoséphical discourse by
applying scienfific insight's is valuable in its own right, for this
way of doing philosophy is still all too rare. |

Another important attempt to utilize scientific findings on
perception for the understanding of science is due to Bohm who applies
some of P%aget's profound insights (Bohm(1965)).

In the following discussion 1 will draw occasionally upon

insights of Gregory and Bohm. Yet, the appfoach I have chosen differs’

Substantialli from theirs and therefore requires its own independent

v

elaboration. .

1 have described the physiological limitations imposed on our

naked eye observations. Scientists have managed to enlarge‘our access

, . . NP : 4
=to the natural world by inventing scientific instruments which . extend

the, péwer of our senses considerably. Telescopes and light

-~

microscopes are extensions in the most obvious way. Within the range
of -visible 1light these instruments providg us with more detailed
infqrmat{bn than we can ~ob.tain by naked eye ‘observation. Modern
science, however, 1is by no m;ans restricted to the realm of visible
light.. Out of that évgr—changing world wﬁich surrounds us scientists
succeeded in bringiﬁg cﬁanges to our attention ;hich(are in principle

not*accessible to naked eye observation. For example, spectroscopy

allows us to tune into the ‘realm of the atom, whose frequendies,

»,

masseés and other physical properties we can thus determine. It 1is

important to realize fhat the scientist who wants to investigadte the

microstructure of a particular crystal, for example, faces essentially

l
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the same problem as evqlution faced when designing our perceptual
system. He has to make sure that he‘observes.only those changes which
are relevant for his specific purpose. He has to take great care that
changes occurring at different levels of reality do not interfere with
the kind of ‘change he intends to investigate. For example, he has ;c@

make sure that changes in the atomic nucleus do not interfere with the

measurement when he intends to measSure the strength of chemical bonds.

Therefore scientific experimentation takes place in ; tightl&
controlled environment, By applying a variety of instrbments and
techniques the scientist attempts to exclude possible disturbing
factors. For example, he may create an artificial v;cuum; keep the
temperature constantly optimal, isolate the apparatus from undesirable
radiation,etc. Fundamental for sucéessful experimentation is also

.

that he distinguish between changes internal to the apparatus and
those exter;al to it. As in the case of the young child he has to
distinguigh between changes caused by the activity of perceiving
(i.e.measuring) and those germane to the exéernal world. He also
adopts various criteria of robustness by employing Lindebendent ﬁeaﬁs
o% me;suring the same process. In orderyto increase thé reliability

~

L] " ' . .
of his measurements, he might alsoc repeat experiments several times
P .

and - at various ranges of sensitivity. All these procedures ate means

for ensuring that he gets hold of something real. What ° remains

tnvariant with reépeqﬁ to his’ activities,. he will call an object.

-

This could be any of the so-called theoretical entitfés,"like ‘genes,

1\ . :
atoms, or pulsars, but holds as well for 'less’ ;heoretical entities
like cells, stars, or.ecological communities. ‘Once he has calibrated

his 1instruments so

S

that-he can distinguish between 'genuine' change

-

\ - ‘ -




and 'noise', he can proceed with his investigation. It should be
- clear, héweve%,« that 'noise' is as real as any other pﬁenomenon.
‘Changes become 'noise' only with respect to the particular intentions
of the observer. It follows that the observér is always part of the

scientific picture.

We have seen that the same holds for ouf everyday perceptions.
Here again things are invariant with respect to our activities. There
is no absolute stability in this ever-changing world of ours. The
besé we can do, therefore, is to search for robust entities occurring
at various levels of reality,

I have outlined the sense in which scienpific exploration can be
seen as an extension of perception. In order to “'give more force" to
- this conception of science let me present some historical examples:

As a typicai example for aé invariant non—mac%oscopic entity 1
mentioned the chemicél atom. We.-know‘now that this entity is not
absoluteiy stable but ¢an, under certain conditions, be split« into
subnuclear particles. With respect to chemical reaétiohs, however, it

" remains invariant. The dispoyery of this invariance was of crucial
importance for modern science gnd anything but easy to come by as the

*history of chemistry shows. The discovery of the chemical atom can

o indeed serve as a paradigm exameé: that teaches us how difficult }t is
-to find the proper invariants of physical changes. The prSpertie; of

the - chemical compounds at the beginning of a chemical reaction differ

usudlly dramatically from those at the end of the reaction. For

.
4

examplé, sodium is  a Highly reaétivé metal and chlorine a dangerous,

aggréssive>gas. The combination of both elements leads to the

. .

formation of that harmless salt, sodium chloride, with which we season

%
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our food. Over many centuries chemists searched for the entities
which remain invariant in the course. of chemical reaction. In
pre-modern chemistry it was held that certain 'principles" or

/

"spirits' perservere through chemical change." Mercury, sulphur, and
. A
salt were examples of such principles. : It turned out that this
conceptualization did not lead to a successful chemistry, for there
are no qualitative principles which remain invariant during chemical
change. The joint contribution of Lavoisier and Dalton led to the
first successful conceptualization of chemical change. What remains
invarianf in the courserf.chemical reaction is (a) the weight of the
compJunds, i.e. the weight of the compounds on the left hand side of
a -chemical equation equals the weight of those on the right hand side
of the equation; and (b) the identity and proportionality of the
chemical atoms, i.e. the same number and kind of chemical atoms is to

be found on both sides of the chemical. equation. .

For a modern chemist those identities appear to be rather

“trivial, almost analytic. He has forgotten what a great intellectual

accomplishment lay behind those discoveries. In his forgetfulness he
resembles the adult who cannot recall how ﬂe dicovered what objects
we;e and for whom it is now "obvious" that we see 'the world 'as it
is'. . | |

The empirlcist +ieves shat 1f we only obser%g carefully enough
and put our predoncéptions aside we will discover the lawfpk
relationships holding in the"univerée. Certainly - one should think -
there cannot beuahy more straightfq;warq rglat?én than the equality of

*

the wéight before and after chemical reaction. Whﬁ, then, did it take

so long for scientists to discover this relationship? Was it mereiy a.

» -
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caseof closing one's eyes to the obvious? It can easily be shown

that * this empiricist view is' false for there were perfectly good

4

reason's in-the 18th cenfbry to deny the pregservation of weight during

’i‘

.

chemical reaction:

During the 17th and 18th century most chemists believed in the
X

corporeal naﬁure of hear and also attributed weight to it like to all
other matter. Heat, however, can pass through reaction vessels.
Given those beliefs it ‘was perfectly reasonable to deny . the
cdnservatiop of mass during chemical reaction. If at the end. of a
chemical, reaction it was found 'that the resulting compounds were
heavier than those present at the beginning of the reaction, this gain

of weigﬁt could and was frequently attributed to heat particles which
. ‘ /
had been absorbed ‘during the reacgon. Lavoisier claimed that it was
the newly discovered gas oxygen yhich caused the increase in weight
" after combustion. He,did; however, also beliéve in the héteriality of
-
heat. In order to reconcile both views he was forced to postulate a
wéightless material fluid whichjhé named ‘'caloric'.

Empiricists ma& want to scold Lavoisier for emplbying: such an
obscure concept as a 'weightles _fluﬁq of heat'. ‘Yet, as I havé
indicated, the introduction of this metapb*gical' ;ntiéy did a most
valuable service to chemistry. it made it possible to postu}ite the
conservatioﬁ of weight during chemical change. .

Building upon Lavoisier's profound insights Daitpn could propose

his atomic theory. For it was only if weight was preserved through

chemical change that the concept of a chemical atom ceuld serve as a

useful tool for chemical @nalysis,~bec£USe the various atoms could be

$

distinguished only by their repective weights.

‘ .
¥ +
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Corpuscular theories had been popu}ar“among chemists for "a very long

time. Yet those Eﬁéories had been of little wvalue .in actual

’
§

scientifi research because they did not specify any macroscopically

ascertainable properties. By individuating atoms. by their atomic

weights Dalton hit upon a property which indeed distinguishes, in fact

defines, chemical atoms. After hundreds of years of conjecturing what

remains invariant through °‘change, Lavsisier and Dalton ~found an

invariant which 1is useful in chemLc%X analysis and makes predictions

of chemical reactions possible. Modern chemistry knows of more

invariants of this kind, for example the preservation of electric
charge or symmetry conservation in quantum chemistry.

In our context it 1is wuseful to compare the achievements of

B

- v

Lavoisier and Dalton with that of a ‘young child which.first hits upon

properties of objects which enable her to identify the object- under

changing conditigns - in fact it let's her '"grasp" what an object is -

. Later she may discover many more properties and thus improve her,
P 8

-

~

understanding- of nwhat the world is all about". Once' she reaches a

~
4

ceftain-age_thé world is for her a wqrid‘ of well-defided objects
: , ’ “ ’ - . .~ -

located in space’ and time. She, can predict and understand many

X

] “’"

change.é and thus otjient herself in that complex world of ours.

By hitting upon the first and most fundamental invariance in

dhem£§a1 change Lavoisier and-Dél;dn jointly-constructed the "objects"

. - '
* _of chemistry. -‘Later, researchers were to add many more  such

1

properties which led to the improvement of our understdnding of that

. elusive world of chemical cﬂ;nge.

v
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We have seen that Gregory empﬁasizes the relationship between

intelligence and sensatiom. In order to perceive a world of objects

we do not only need senses but also brains that integrate the

i

information coming from those various organs of semsation. It:is the

s

brain which constructs for us a world of objects within which we can
3

orient ourselves. i T ’

Science also employs a variety of scientific instruments and

- b .
theories which interpret the incoming information and structure it
&
with respect to the purpose of the investigation. Instrumentation and

. . ’ .
theories together often succeed in providing us with an adequate

picture of otherwise inaccessible realms of reality. The fact that

e L

scientists always work with a whole network of theories is well known
o

to philosophers of science and is ‘uéually- referred to asas the

4

Duhem-Quine thesis. This thesis states that if a scientifictheory

predicts a certain outcome of an experiment, and if it turns out that

2

this prediction is erroneous , then it is not justified to clai? that

the theory which led to this particular pre&iction is false. TFor any

of the numerous other theories might be at .fault, and this makes it

» , -

impossible to locate the error. N -

.

This thesis has been of great concern - to many philosophers of

.

‘science, in ‘particdlér to Popperians whose methodology prescribes to

abandon refuted theories. This, of course, presupposes that we can

L

locate . the theory which is at fault and numerous attempts have been

«

made to find a way to loc{te.error.

3

The present approach emphasizes that we organize our .experience

- - -

with the goalibf finding invariant relationships in the world. This

means foér science that we have to coordinate our various theories and
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instruments. until they all fit together'and jointlyllet us.conceive of 4

- v
‘stabilfty in an otherwise instable world. The Duhem-Quine thesis fits

therefore ' nicely into the framework I am developing here. Indeed, I

intend to present a sStronger version of this thesis and will argue

‘that it is conceivable that we may operate with a set of true theories

.

and nevertheless arrive at false predictions. In other words the
search for criteria by which we can eliminate false theories may be in

vain, for there may be no false theory which needs to be eliminated.

=

Needless to say, I do not intend to refute the laws of logic. What is

at stake here is the fact that it is in principle impossible for us to
?
. . .

be aware of all the implicit assumptions inherent in our conceptual

frameworks. In order to-make my point I will construct an historical

H

' o (

I mentioned above that during the 18th 'century many scientists

example.

Belie?ed that heat was a material fluid which had weight. Parallel to

4

this tradition there existed another tradition ‘which held an eardw

w
E]

- Lol
version of '"our" kinetic theory of heat, i.e. heat was thought to be

o -

caused by the motions of the caogpuscles; it did not therefore

q

-
contribute to the weight of the substance. Now let us assume that

sometime at®the beginning of the 18th century, i.e. before the
RN , ‘ » -

discovefy of oxygen, a chemist holding the kinetic theory of heat,

comes up with the "bold conjecture: Weight remains invariant during

*
chemical reaction. He puts his hypothesis to a test and'hits upon a

chemical reaction which involves what we would call oxidation. At the

Id

end of the reaction he uses his scale and sees that the products are

. s .- ‘¢

heavier than the compounds with which he began. Being. a good

Popperian he abandons the true theory, i.e. that weight' does not’

PN
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change during chiemical reaction.(2)
. A modern reader may protest and declare that the true theory
(i.e. weight remains invariant during"chemical change) was never
. L ‘ P ’ '
refuted Because the experiment was not conducted properly. The vessel
remained open during the course of the reaction and gas was absorbed

from the atmosphere. This is doubtlessly true. Yet, we cannot blame

the 18th century chemist for something he simply could not have known.

. What was missing in his conceptual framework was the concept of .a gas

which has weight and may participate in chemical change.
This example highlights what I consider to be the central problem

of scientific knowledge, which 1is that we have to realize that we

often do not know what we are talking about. We discover certain

puzzling phenomena and deem them to be in need‘of explanation.
However, what is or is not considered‘to bg a problem depends- oa our
conceptual framework. If ‘this framework is toé péor and does not
reflect genuine invariant relationships in thé woéld, our probleﬁs may
turn out to be pseudoproblems, reflecting merely our own ignorancé,

-

never capturing anything real.

’

- ]
- 2.4. HOW TO FIND INVARIANCE "
o IN AN EVER CHANGING WORLD ,
P '
. N P4

A powerful conceptual framework which orders our experiences and
lets us predict future changes is needed for a .successful.science.
Yet, such a framework, as desirable as it may be.on the one hand, 1is

» »
- .

’
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as dangerous on the other. Consisting of a set of mutually

rein}orcing theories and practices, it,defiqeslwhat is po§sible and
eqsily leads to dogmatiSQ. Being caught within its explanatory power
Qe are in danger pf forgetting that our fraﬁework is a’ cﬁnstruction,
that the world is far too rich to be captured by §n§ one‘f?amewérk

) /

alone. .

The best known example of such a pogspful conceptual prison was.

the closed universe of Aristotelian mechanics and Ptolemaic astronomy.

57
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It'is also an excellent example for the distortion of our worldview - !

1

due to our position as perceivers. Being inside the «closed

5

Aristotelian universe, the world seems to turn around us. 'Is . there

any way to get outside this universe, to get a different perspective

E

which will put us into our proper and nbt all too important position?

*

We have seen how the second eye adds depth to our perception. By

seeing. two slightly different imagé& stereoscopic vision is introduced

4 - ¢

which enables us to see the same object from two different .positions.

This makes it possible to distinguish between phenomena which are
. i B

dependent and those which are independent of our personal involvement.

as perceivers. : S ‘

LY

-

The question arises whether we can create such a stereoscopic ‘.

d S

1

vision also 'with respect to o}f/conceﬁtual framework. Can we add a

""second eye' which gives us a different view and lets us distinguish

those features that are robust and independent from those that are

1 '

merely due to our position as perceivers? 4
. . ¢
In order to demonstrate that this is possible I have invented a
story, you might call it a thought experiment.

Imagine, a group of scientists driving in a car through North

L)

e N '
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" America. The car 1is a specialgwehicle, indeed. It is driven.,by a

,outside the vehicle, Thefaﬁgye‘never seen mountains or valleys, non

4

>

$ ’
robot. The ,scientists sit in the back of the car. “Their compartment
. 3 m

*

is completely isolated f;oﬁ the outside yorla. The;g‘afe no windows

and the compartment is hermetically sealed. The car is set on cruise

- 4
- '
Bl

. . ’ °, s : .

control, say 50 mph. The only information our scientists have comes
2 » -

5 - . , .

from data”about the car itself. - They can COntindosly monitor the

. o . N '3
amount of gas the car needs on their trip. Whepever the car drives up
Co ’ '
. . ‘ .
the hill the inorease in gas shows up on a little sceen. Because of

2

the constancy of -speed the board computer will plot correctly the

" ErY

- Yoy
intreases and decreases in altitude.

L P - .
The. scientists will begin their trip on the east coast, cross the

4 n
s

Appalachians, then degcend into the~yidé,North American plains.. After

~

|

-

a long drive they will nmnote ,a dramatic increase in . gasoline

- ot A

. . o
consumption as the car drives up into the Rocky Mountains. And on
goes their trip; up and down several mountain ranges until  eventually

the " car descends to the Pacific Coast. We can imagine our scientists

- ]
.

. :
’ ' . ] I3 ~
to crigs ~ cross North America, coming-up eventually with a correct

profile of the continent, : -
’ . 4 '

Let us, further postulate that our scientists have - never been

n

- R ‘. \ - .

EA .

Fl
-, N _
.

have they experienced rain or wind. QOur world is ‘for them a

- -

"theoretical entityﬁ, daﬁd their -.knowlgdge about it is bound to be f/,
‘ »

painfully indirect.” We who with our God's eye view can “observe them
M L}

an

as well as the beautiful world of which they are almost totally

ignorant wil® gometimes have empathy for them, for their methods are
- ‘ - . *
anything but unproblematic. o ’ - .

20 ‘ . n ﬂ‘?“‘\) .S “ ' .
For ‘ofcasionally their car will drive through a storm which will -

- a

v
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increase their gas consumption, and on their screen 'mountains' appear
{ » P

¥  yhere there are none. (Weowill'assume that they call those peaks on

the scrétn"hountaips' although they, don't know what mountains really

. arej. Perhap§ our scientists have a more refined methodology and will

b -

" repeat the trip several times thus being able to distimguish between
- . LN - '

- ‘peaks that appear always on the screen, and those that appear only.

. R ~ .
occasisdnally. The latter they®-will dismiss as noise, irrelevant
- .

-

. . . :
- disturbances of unknown origip. Although this. methodology improves
',I the reliabilitylpf,their measurements it is still anything but certain

Al ' “
. a '

b 9
+.that the peaks of gas consumption they are measuring are always due to
@ . > .

’

real + mountains. For there are some winds that blow regularly.in a

12 - { - a . .
_ . gertain area and will ‘bg encountered whenever they drive . through it.

D ’ : : ° . ; ns
Let Us assume such a wind blows in the North American plains leading
. Py e - LI
our scientists to believe that there is a large mountain range right ~

in the middle of hebraska. Are they éver.gbing to findfguﬁ that they

v : - . . . '
are bégpg ‘misled? We could ¥®magine that they may accidentally -

ot discove? an tnstrument which measures wind but not altitude. By

3
-

o R : - )’
. utilizing -more than one mode of perception they -could- test "the

!
2 SR T - -
! --. {§ rxobustness of their object hypotheses and distinguish between those
A 4

~

peaks on their 'screén which are caused by real mountains and those

that aré caused by wind. {Of coursé, the concept 'wind' théy could ,

-~

only develop after haJingLreali{ed that the concept 'mountain' does - %

-
~

A
¢

not suffice fofr accounting for all the peaks they see on the sceen.

¥ -

Vo And 'wind’,hf course, like 'mountain' would’ méan' som;thing entirely
R ) - ) L. L . " N . o v ’ . :
different for them than for. us,)"What«willahébpen if they do not, ‘o
accidentally_discerr anginsﬁipment that meagsures wind? Will they

. -

forever be caught in.their conteptual prison and believe that there 1s . '

H

B . -

]
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a mountain range in the center éf Nebraska? That, of course, may
happen. ’\kt, there is am additional possibility which may liberate
them fromLtHeir ignorance.. They can change speed! Let us remember

that by keeping the speed constant they could detect mountain peaks

through méasuring the increase in gas consumption. If they repeat

‘their- trip, but this time driye 70 instead- of 30 mph, they may

]
discover that there is something peculiar about those mountains in
Nebraska. Assuming that the increase in gas consumption resulting

from the higﬁer speed {s not the same depending'whether it is caused
< . B 3 @

by driving up  a hill or by hitting the wind, the shapes of the

)

respective curves will differ. By comparing the curves derived from \.

4
v

driving across the continént with various speeds the scientists will

- . “ - Ll

realize that-théy'are dealing with different phenomena.

.
Pl

. . J ) ) N
By creating a stable framework against which external changes &an

i

_ be measured, regﬁlarities of the external world manifest themselves.

. L]

We can, However, never be sure to which degree these regularities
' .

depend on real features'bf the external world and to wh;cﬁ degree they

N >

depend on the pecularities of the framework .(i.e. the particulgr

!

speed)' we have chosen. "As lqng as we remain within that framework we
might not be capable of detecting error, and all our methodologies may

mislead us, /

.
»®

For 1magine our scientists .dfiving at 50 mphj; ~atte@ptiné to -
’ - »

induce regular;tie; from the observatfon of allithpée peaks they find

on the screeh. Not knowing that some of those peaks are caused by

s N . - . '
ent%rely different ' phenomena they may arrive at cofipletely erroneous
generalizapfzns. br»considgr'whatncouLd happen if the scilentists were

v® .

to pr}qu Popper's pres%fiption.f They, might propose a’ bdid;

. , L

. . . ' 2o
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conjecture, say, concerning the incline of the mountain peaks. Let us
'+ assume. that this hypothesis 1is correct. Then they will put their
’o hypothesis to test. Driviﬁg through the "mountains' of Nebraska: they

will note that their conjecture does not hold, and will consequently
) ¥

abandon the correct hypothesis; For they do not know that they are

[

dea1ing with two entirely different bhenomené. In other words, the
refutation of a hypothés@s méy’not mean that the hypothesis is false,

but that we are dealihg with more than -one phenomenon. - oo

By introducing a second framework we may be lucky ‘and can- tease
- L] -
L o . . )

~  apart those different phenomeéna. We may realize that the conflation

of the phenomena was dule to the pecularities of our chosen framework.,

By intoducing a second framework (i.e. different constant speed) new

2

-

features of ‘the world may manifest . themselves, and _it will become

]

s T L ~ 2 ’
, clear that we were misled through our own activities as perceivers.
Two dimensional pictures are —inherently ambjguous, and many
different. interpretations can Ke compatible with the received

information. By_adding the second eye; we -can exclude many of these

L 4 = » . ~
interpretations: Our two cornceptual framgworks give us stereoscopic

»

vision and increase the robustness of our conceptual hypotheses.

PRI RN
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2.5. SOME HISTORICAL.EXAMPLES

- - »
— -

o — . .- N

When.Cbpeppicus moved froq{the geocentric to the heliocentric

»

L

_world picture, he gave us a "second eye" which made it possible to .

' .\‘d’istinguish between the ‘robust features -of the univetse and those

I's ’

.
.y -
. - - .
. v : : ,
,
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which were due merely to our particular position on the planet earth.

It turned out that what seemed to be the _central and most obvious

phenomenon Bf the universe, i.e. its circular motion around the earth

¢

was a mere illusion caused by our own position as perceivers. Other

phenomena, however, which were heretofore unrelated, became of crucial

importance within the new world view. For example,'somewheré in the

cycle or epicycle of all the planets there occurred one with a period
of 365 days. The appearance of this same period in .different plaéeﬁ
, | o .

is a unexplained coincidence within the Ptolemaic-account. Within

i , .
Copernicus' "heliocentric system, -however, these separate epicycles

‘aiappear. The revolution of the earth around the sun takes care of

all those otherwise unexplained and unrelated phenomena. . Thus, what

is and is not a genuine phenomenon becomes redefined through the shift

o

from Ptolemaic to Copernican astronomy. The integration of otherwise,
unexplained coincidences leads to a much more powerful and unified
view of nature. Copernicus himself was impressed with the integrative

aspects of his new wogld picture: J -~

» v

I found at length by much -and long Tobseyvatlon,
that if the motions of the other planets were
added to the rotation of the earth and calculated
4 - as for the revolution of that planet, not only the
phenomena of the. others followed from this, but
* also it so bound together both the order agnd
- magnitude of all-the planets and the spheres and
the heaven 1itself, that in no single part could
"one thing be Fffered‘without confusion <among the
other parts and in all the universe. Hence for
this reason in the gourse of this work I have
followed this system.:..(3) ' '

4 ’ ' -
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In'science as in perception we find that progress is achieved
. (%

& -
.

.through +the integration of.various previously urrelateéd phenomena or
. ‘,..‘

sensations. The child has to learn how to correlaté the’ information

coming from his various organs of sensation. TiHMs integration takes
- >

-

place in the brain. As a result he experiences objects locafed in

space and time. 1In science as well we have to learn how.to correlate

L

-

the information we - receive through our senses and measuring .

. .
N -

instruments. Only a powerful conceptual framework makes such an

integration possible.
- ' o~ !

Einstein's theory of relativity constitutes perhaps the most

powerful .intellectual integration ever achieved in the histor§ of
sctience. In this theory the properties of space, timé, and mass which

appeared prev{ously to be independent of each other cease to be

.‘; . ] N
absolutes. Instead they become correlated in a general space-time

frameworks  For example, in°classical mechanics, mass was' thought to

be a property of objects independent of the spaée—;ime framework. In

relativity theory, however, mass is seen to be a relation between an

"

)

‘object.and the coordinate  system. Due to this relationship- the”

3

relative velocities and potential energies contribute to the mass

4
balance. ) ‘ . ) -
. ¢

As a result of this reinterpretation of the classical® concepts,
. : ¢
Einstein ,succeeded in integrating the laws of mechanics, optics,

electrodynamics, and also attempted to incorporate gravitation within

a general and extremely powqrful.conceptuél framework. ]

This integration was achie&ed by inquiriné into what remains

“ 4

‘

invariant with respect to observers moving in‘different frames of .

reference, and, .interestingly ®nough, Einstein referred to his theory

. .
[} ' .
. B
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originally as Invariantentheorie.(4) David Bohm who has emphasized the
importance of invariance in  both, perception and physics,

characterizes relativity theory as follows:

In Einstein's theory of relativity, the notions of
space, time, mass,etc., are no longer regarded as
representing absolutes, existing in themselves as
permanent substances or entities. Rather, the
whole of physics is conceived as dealing with the
discovery _of what is relatively invariant in the
everchanging movements that are to be observed in
the world, as well as in the changes of points of
view, frames . of reference, differe
- perspectives,etc., that can,.be adopted in such
. observations.(Bohm(1965)185).
+sesesEinstein's major steps were based on
setting aside such ideas of an absolute, and on
-extending into broader domains the notion of the
laws of physics as invariant relagionships (e.g.,. ,
so as to include velocities comparable to that of '
light). 1In doing this he was led also to drop the
notion of fixed quantities of substances, having,
constant masses. Instead, mass was seen to be
only a relatively invariant property, expressing a
relationship igiaeenh energy of a body and its

inertial resistgnce. to "acceleration, along with
its gravitational properties. Further
deveélopments in modern physics, including quantum
theory and the studies of the transformations of
- the so-called "elementary" .particles....guggest
that the notion%of ,permanent entities consiﬁtuted
of substances with unchanging » qualitative , and
‘quantitative propertfés may have : to be dropped
s, . altogether, 'and that physics ' will be left with
- noihlng but the study of ‘what 1is relatively
invardant in as widé as possible a  variety of
movements, transfomat1ons of cop;dlnates, changes:
of perspective, etc.,{Bohm(1965)218). .

.
T A
.

- . a

Bohm's remarﬁs‘lqad G; béck:to the'ontological issues 1 discussed
vooN . T e
in chapter one. ,Theét "1 ~argued that we should replace the old

. - -
. .

epistemological question 'hou\can'-;e kngﬁ the world’ 'by‘ the new




question ‘'how can the world be such that we can know it', In chapter
. »

two I explored the similarities between 'science and perception and

argued ¢hat the old demarcation between 'subject' and 'object' cannot

be absolute, for what we call an 'object' is as much part of our own
perceptual and conceptual background as it.is part of the external
world. If this view is not to desintegrate into a purely subjectivist

conception of knowledge we need a new and different kind of ontology.
In the next éhapFer I will explore such an alte;nat;ve and will argue
that a metaphysic% of processes interlocks smoothly with .the
epistemologiéal model I.am developing. Hoyeveg,before presenting this
alternative it will bg neéeésary to refle;t upon the most widely
PO - -

accepted contemporiry' met@physics,'. namely  reductionism. JPl‘his
worldview Iﬁas been d;minating western science ever since 'ihe
desintegration ,of the Aristotelian world Ricture. What led ‘to its
adoption? Are the. reasons ﬁhigh} conQinced th; pioneers of moderﬁ‘
science still valid in light of thgﬂscientific findings of the 20th
century? What are the presuppositi;ns upon which reductionism rests?
What piccpre of humaﬁ Leings and their intellectual capécities results
f;oﬁ the ‘doptfon of reductionism?

Only af ér having discussed those questions will we see what 1{'s
required ‘for\\am«new alternative metaphysics, only theréaftgr’can ve
attempt to present a comprehensive picture of a iworld within which

knowledge becomes Wpossible and where the development and integj?tion

of our intellectual capacities leads to an ever - better understanding

’
-

of this elusive uniVerse.
. . .
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NOTES TO CHAPTER TWO )

. : ' S 2

. ‘v‘ , .‘, . 2

-

Gregory expounds some of Helmholtgz' views and sees his own .

work as an extension of Helmhptz' ideas about perception
(Gregory(1970)32). e -

s

. This arﬁificially contrived example should not be taken too

seriously.Chemists were well aware that during "calcination"
as the oxidatidon of mgtals was ,called, the weight of ghe

7

substances increased, and they would havelnevquproposed a-

conjecture denying the obvious:

& 4

. . . ) * "‘:‘nn:"s‘ C
Copernicus, De Revolutionibus, Letter to Pope ,Paul- III,
quoted from (Burtt(1932)50). ~° L . :

. . . ‘\‘\ ) R o ’ ] -, . .
This information was given -to Stephen ?9u1min by Gerald
Holton. See (Toulmin(1972)90). l & -

N . . ] i .
“ e *
L
"
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o * ° CHAPTER III

TO BE OR.TO BECOME, THAT IS THE QUESTION

3 y
4, -“7 ﬁ 7
, . . 1
' §é> 3L REDUCTIONISM: ° \
- n% “ITS MERITS AND ITS PROBLEMS.

-
) -
&

- 3 s . N

To reduce the material ~of experience to order, to' explain
s - . * ’

macroscopic diversity in terms of microscopic -simplicity, to reyeal

thé permanent stability of the real behind the seeﬁing irregularity of

.the apparent, this has been the explicit goal of science during the

»

past three centuries. Ever since the advent of ' the mechanical

“~

.philosophy, the ideal of scientifit eipfanatiOn has been to‘gedﬁce §11'

that‘@ivgrsity and complexity which is so character%sti& of the world

we inhabit to causal interaction between ultimate entities of matter.

-

This ideal is exemplified by the famous remark of Uhﬁlace, that a

powerful intelligence acquainted with the position and motion of the

atoms at any moment could predict the whole course of future -events.

1 N

" This Laplacian 1image implies that in some sense the present already

“"contains' the future.

&

. Modern science has all but abandoned the Aunﬁgrlying 'aésumpzions

of this -reductionist framework. Instead of impenetrable hard atoms

«,

contemporary physicists explore &lementary particles that exist only

°
- . L
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~

for cxtremely brief durations of time. The concept of materiality

‘O

applying to those entities is, far removed from what wis called
materigl/ in the ‘17th or 18th century, Even the law of the
conservation of %atter itself, so much at the heart of a
mechanistic;lly conceived universe, has been reblaéed by the law of

the’ conservation of energy. Most importantly, however, the Second Law

b

. )
of Thermodynamics demonstrates the existence gf irreversible

processes, a result which is in conflict with the very foundation' of

- .

dynamics, for the latter makes no distinction between the future and

v
+

the’past. -The dynamical equations of classical mechanies - and also
of quantum® mechanics -~ are invariant with respect to the time

parameter. Contrariwise, irreversible processes, such as diffusion,

a

heat conduction, decay of nuclear particles, chemical reaction, depict

~

9

.

an obvious directedness of time: in a closed system entropy always
increases wuntil a state of thermodynamic equilibrium is reached. It

has been stated by many disﬁingﬁished phfsicists, most poignantly
L Fs ’

H

perhaps by Poincar&: -Thermodynamics and dynamics are incompatible.(1) .
Yet, it is thermodynamics which is increasingly considered to bé&
the }unaamental physical theorﬁ, particularly with reépect to the

lifesciences. ' Living thingé 'feed' on negentropy. In open,
» . ’ -
non-equilibrium systems living substances extract energy from their

environment and transform it into highly -complex moleculdr structures.
. T . .
The formation of order from chaos, the transformation of negentropy -

into 1increasingly hiéher levels of  complex organization, is
v N T - ;
characteristic of evolutionary processes.

/

The strong reductionist orientation so ‘evident in much

Lontemporary theorizing;in biology, SOC1ology, and philosoﬁhy appears

r

.

N
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therefore to be a. rather remarkable phenomenon which deserves

explanation. David Bohm has made this point succinctly:

s

Physics ‘has really totally abandoned its
earlier mechanical basis.. Its subject matter
already, in certain ways, is far more similar to
‘that of biology than it is to that of Newtonian
mechanics. It does seem odd, therefore, that just
when physics 1is thus moving away, from mechanisn,
biology and psychology are moving -<closer to it.
If this trend continues, it may well be that
scientists will be regarding 1living things and
intelligent  beings as mechanical, while they
suppose that inanimate matter is too complex and
subtle to fit into the limited categories of

. mechanism (Bohm(1969)34). BN

*

The mechanistic gbprdach_ against which Bohm's criticism 1is
diretted forms part of the general philosophical outlook of
reductionism: This philosophy alleges that whatever the ultimate
entities of nature turn out to be, they and tbe relationships between
them determine the properties and ;elations of observable lphenomena.
"In between" observables and ultimate entities, scientists have
identified a series of intermediate entities such as célfs, molecules,
atoms,etc. According to the . reductionist program, upper level

entities or phenomena are to be identified with entities, properties,

and relations located ,on‘ the next lower level. If any and every

science does its job and reduces the phenomena of 1its concern to

e
v

" relations or‘prqperéies belonging to entities on the next lower level

then we will eventually have created a scieritific ‘edifice going all
the way down from ecology and anthropology to mblecules,'atoms, and

.
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.

ultimqﬁely to elementary particies. It is acknowledged that such a

complete reduction will never actually bg’ accomplished, yet,

i}

scientists and .philosophers have been content to voice their
. .

" conviction that such a reduction ought to be possible,  at least 'in

-~

principle'. . o

- U .
Adherents of the reductionist point of view further claim that

the dctual course of the history of science has confirmed the value of

’
.

the reductionist program. They hold that scien€a pragresses by giving

”
.

an 1increasingly ' more precise desgription of upper level phenomena in
o h . .

terms of lower level entities, properties, and relationms.

. Indeed, the remarkable integration of several previousTy

‘e N

separated scientific specialties seems to suppprt reductionist claims.
. bl

The paradigm cases ©of alleged reduction are: . the reduction of

chemistry to quantum’ physics, 'the reduction of phenomenological

thermodynamics to statistical mechanics, the reduction of Mendelian

. Ny

genetics to mplecular genetics. To pursue scientific progress along

« .
'3

reductionist lines means to reduce a scientifit theory which accounts

for the relationships between macrostates, properties, processes and,

events,, to a different theory describing the sape phenomena in terms

e
.

of microstates, properties, processes, and events. In other words

LTS .
theory reduction parallels ontological redyction.

.
'

-

Thus reductionism can be seen as an important, tool for the

unification of " science, a central aim of 20th century science, and

-

phildsophy. In ordéer to attain the goal of unification reductionism

makes normative claims with respect to the direction scientific

- he L]

. resgarch should take. This philosophy a&viség’the scientist to search

for deeper levels of reality and to dismiss higher levels of

- . P

.

]
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1 v

organizational complexity as mere epiphenomena of underlying entities

. s ' 3 s
and processes. Thus phenomena are to be describeld entirely in terms

*
*

. - v © . -
of properties of isolated objects. It 1is .the task of science to

search for +a progressively more refined specification of these
1 v * . .

ﬂijects, which means to desc'ibe them in terms of lower level entities

v .

L}

which in turn are hopefully describable in terms of entities on even a

lower level®of the scale, leading to whatever will turn out "to be .
ultimate and real. . ’ .
. We see that reductionism is indeed a powerful philosophy which

.

offers an intuitively plausible ontoMogy and provides scientists with

a heutistic which has shown remarkable successeg in the past. Thus it

is not surprising that the younger biological amd social sciences
' .

-

followed the\lead of the physical sciences and adopted reductionist

- a3

“ - ¢ -

research strategies. | ’ T . )

" e

The whole magnificent movement of 'merrn .{
science " is essentially of 3 piece, the later
biological and sociological branches took. over
their basic postulates from the earlier victorious .
' ‘mechanics, especially the all-important postulate
that valid explanations must always be in térms of ~_ -
small, elementary units- in regllarly changing
relations. To this  has likewise -been added, n

all but the rarest cases,» the postulate that ¥ -

) - ., ultimate:;,causality is to be found in the.motion of . -
v the physical atoms (Burtt(1932)30). = ’

»,
.
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3.2. THE HISTORICAL SOURCES OF REDUCTIONISM
9

-
' -~

.

. . . . > 14 .
In view of thé many facets of reductionism,” its positive as well
” <
as negative features, it seems hardly possible “fo give a fair

evaluation by merely looking at contemporary 4rguments in favor of

i © ,

against this philosophy. I will therefore tumn to somg historical

8 T :
sources and-ask the question: Why did men like. Galileo and §gp1er,

. . . .
Descartes and Newton adopt reductionism?(2) Are the reasdns which led

U . <> . o

‘them to embrace thingsegphysics still valid in light of contemporary

-science, or are there good grounds for starting afresh and rethinking

. -
our most’ fundamental philosophical premises? - I, will begin my

.

N

historical assessment by letting one of the founding fathers of modern

reduct?ﬁhism speak for himself. 1In two famous~passages in the Assayer

Galileo develops his distinction ' between ‘primary and secondary'

-~ . - ) J

u o -

3 . »’ . ’

qualities. . N

Now I say  tMat whenever 1 ‘conceive any
material or corporeal. substance, 1 immediately )
'feek'fhe need”to think of it as bounded, and as -
having this- or that shape; as being large or '
small in relation to other things, and in some

§. specific place’ at. any given time; as being in -
. motiom or at rest; as-touching ar not touching
Lo some other body; and as being one in number, or

few,'or many. «From these conditions I ‘cannot
separate such a- substance by any stretch of my.
imagination. . But that it'must be white or red,.
bitter or sweet, noisy or. silent, and of sweet or
foul odor, my mind does not: feel* compelled to
bring .in as necessary accompaniments. .Without the
'senses O®r guides, reason or imagination - unaided

these. Hence I'think that tastes, odors, colors,

and so on are ng more than mere names so far as .

‘the object in which we place them is concgﬁned,
- "‘ s . ig. -

»n
£

would probably never affive at qualities like - o

7
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nd that they reside only in the consciousness. ,
.‘Hence if the living .creature were removed, all

‘ . these qualities would be _wiped away :and
T annlhilated (Gal11eo€1623)274)

. To excite fn us tastes, odﬁ?}j“ﬁﬁﬂ“—sounds 1 .
beligye that . nothing is+ required in exterpal - -

/ ' © ' . ,bodies,except shapes, numbenﬁ, and slow ‘or ‘'rapid
movements. 1 think that if ears, tongues, and

noses were removed, shapes and numbers and motioq__/' F
. wou d remain, but not. odors or tastes .or.sounds.
L - The latter, I belleve, are nothing more than names
) ‘when separated “from living ' beings, ~ just as
* t3ekling -and titillation are nothing but names in
the absenhce! of such things as ﬂoses or -adpits

. (Galileo(1623)276-7). . : . !

N ) - . ki
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r N . ~ N
" Galileo's distinction betweeh the primary and secondary quaI?ties
Al £ . . - “ .

- 4
. b

* was to revolutionize man's view of nature and of himself. Indeed it -
® ) | . ' . - . ¢ T . o ' ‘9\' , o .
mv's;f_'” ¢ created' modern science. ® By divesting', natute of. the. qualitative

features . and gqsisfihg.that thea"reai"'eqqals the meashrabléipalileo

” - . = ’ >, : o ’ . .
\\- . put sciente’on a secure foundation which was to be called "scientific A
e~ " objectivity". , - T, ‘ S
- ! . Q L @ . « . L
f ‘ The fdea that feﬁlity is caughﬁ up  in 'qhe vﬂéthematici} harmoni .

. . °
e N - . ' [ 7 ‘

. . . - - . FY - -
~ -* - underlying the world of’bhe senses is _of qourse much older and caJ\Qsiqj//
] traéed_back to - Plato and to Pythagoras. . Bgt ybegeas ‘the -older

e, : e

. . D . -
. graditions: emphasized' 'thll acquisition “of Tknowledge through
R ’ '-p ’ Q.; ‘4 ', . ) . P
- introspeétion and mystiC insight, Galileo, Kepler, and.. Newbon

emphasizgd :he* usage of measurement and fhe careful cq}lection of

':- , g ‘ data. Ye! their empirtciam ;:3 of a‘peculiar'gind. .Itlr‘d not - deal’

| i?:' with ‘the wholepzss of human expe{}encefbut rathe; stipuégted éhatwoﬁly.

- particular typbs of obae;ﬂitisg - thoﬁ}h j rightﬁuily* be oalled.

:ﬂ,"." f? :cientif:c. Thedq were the ogp;‘uhich were anenablf to q‘fheniiic;lf- .ﬁ
'l. ; ‘i -crctt-cbt._ thps it'bécane thenntin gonl ﬂdr acienee to dinentangi; ‘;‘

e v ;oL S e ,
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.+ among . the chardcteristics of an object those which are quantifiable.

o 1 - 3

The scién;ifit_expefiment became the main tool for the achievement fo@
. v
this 'goéi, Within the experimental situation&(he phenoﬁena become

»
of

simplified in such a way that the assignment of “numerical valies to

@, ppoperties of objects bécomes possible. By‘varyipg one parameter at a

§
o

+ . time and keeping the others constant a lawlike ¥elationship is sought

¢ 9 - - P
between the properties of the object under investigation and the
: X . s .
changing experimental conditions. - : L

[ G

‘The belief that the world of’ matter is '%ﬂ world fundamentally

-
L ’ M (<)

' possessing mathematlcal charactefist1cs, also necessitated the °

b

o

] ’ mtroguct«xon of new concepts i‘» s«:ientific discourse. Conceths like ’
’ "4

. o L . ,
’aégqge and _time, mass and enefgy were the new categories withih which
the quantifiable features - of objects. becdme éxpress%blé. «Those.

c

‘concepts’ had been either non-existent '‘or ‘else of rather minor -

, ' . ., ) N ,
importance in scholastic science which had been content to concentrate

-

. upon ‘the qualitative features of the physical world (Burtt(1932526).

> For expressing non-mathematical relationships in ﬁhe natural world the

old Aristotelian categories such ;ps essencg, sypstance, .form, and

, matter sufficed. ' . . s .ﬁ

. It was notably Galiléo who emphisized that in order to apply~ the
séience ‘ofl &a;hem&iics\to the phenomena we hdve to recast our wéy of ”
apprehendipg the natufdl warld.'.Nééessafily‘w; have to‘%xperience‘the‘

b ' - : ’ : .

wg;la\ by means ‘of the ‘sénées- but it is only through méthemétiqa;

.é&monstration*that scientific dartainty is to !!L Ereach&d‘ ahd,wthe“
hidden rational ordet’of the untverse revealed. Thefeféré we have to -
- reinterpret what our sdnses ;ell us and must.give primacy to reasop. .

s This ~ Galiléo ;élls us - £s the prige achievement of the Copernican

s 4 ' - R . »
Y

v oL | S

o

*




hd * to make reason to conquer sense that, in defiance .

‘in favor of a universe hard, cold, cologless, s

a

) revolution:

<1 (cammot) ever - sufficiently admire ™ the
“outstanding acumen of those who have takén hold of

this opinion Sthat the earth moves) and accepted

it as true: they Jhave through sheer force of

intellect done such violence to their "own senses

as to prefer what reason told them over that which

sensible experiénce plainly showed them to be the
. contrary. For the arguments against the whirling
of the earth...are very plausihﬁe.-.an@ the fact
that the -Ptolemaics and Ariltotelians and all
their disciples took them to be conclusive 'is _
indeed a strong argument of their effectiveness. :
But the experiences which overtly contradict. the
annual movement are indeed so much greater in
their apparent force that, P repeat, there is no
limit to m& astonishment when I reflect that
Aristarchus and, Copernicus’ were able

of the latter, the former became mistress of their
L belief (Galileo(1632)328,my italics).

D . .
~ __— -
o

) ’ ' : : P '
Copernicus hads removed the earth from the center of the universe,

Galileo went one step further in diminishing theﬂréaim of man by

'

4d%nbuncing his most in;d experiences as sécondary.'and_ unreal. The

)
- -

. & “._ ..'e
world™ of color and sound, of taste and of fragrance was shoyed aside

-

ilent and dead, a world

- - {

’

of quantity,, a world ; of méthematicélly computable mppioﬁs4 in

“@ .

.. mechanical régdlar1ty. ~ After the gredt .Newtonian . intellectual

to- [ d ¢ . - .

conquest the ‘mathematical ‘science of éhysical nature , was . firmly

éstabyished. Natufg came to be thoUghﬁ of as essentially 3 realm -of"

‘ R ! '

“hasses, moving according tolmgchematical lawa'in Spaée,and time under

. ] " T L
' . . . A .

S ) a4 - ., . . . h
. . LA } . .t

-

uh;‘{nfluence of definite and anputabls‘zzzjzf. S -
.‘ 4 e S . ) g . _" ‘s . ' ’ , ' »
The mind of man had come in touch with & new realm of being "and "

. ) ST e E . e ‘ ‘-".‘

..
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b

saw from now on only in mathematical mechanics the podsible key to all

the secfets in nature. The view man held of himself and of his place

in the universe had fundamentally been altered. Before the scientific

. ey ) R . e
revolution man was thought’ to dwell in the center of the universe, and

he was also believed to be the measure of all thihgsﬂwhich God had
created for his enjoyment.

With the overthrow of the medieval world picture man forfeited
Q L]
‘the spiritual security gof the man-centered universe in favor of
\ _ ' ;
absolute, noh-humane knowledge as it was exemplified in the realm of

»

mathematics. Let us again turn to Gaf&leo for an illustration of this
i \ - : p
point. ' >

The humam understanding’ can be taken In\two modes,
the intensive or the extensive. Extensively, that -
is with regard to the multitude of" intelligibles,
which are infinite, the human understanding is as
nothing even if it wundersfands a thousand
propositions; for a thousdnd-in relation to-
infinity is zero. But taking man's understanding
intensively, in so far as this term‘ *denotes -
understanding some propositsion perfectly, 1 “say

2 that the human intellect- does understand some .of
them perfegtly, and thus in these it has as much
absolute - certaintyras Nature itself has. Of such
arg the mathematical "sciences alone; that is™
geometry and. arithmetic, in which the Divine
intellect - indeed knows - - infinitely more
,propositions, sinte it knows all. But with regard
to those few which the human intellect . does
understand, I- believe that its knowledge equals
the Divine in objective certainty, for here -it ®

. succeeds in uqderstanding necessity, beyond which ’
‘there can be no greater . sureness

g (Galileo(1632)103). -

L
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- . . . .
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. . : 7.7
Kgpler; Galileo, and Newt&n, man -seemed to have come closer to the
. ’ : N
_fulfillment of 'that old Platonic ideal of absolute, divine Y

mathematical knowledge. ‘ : o

Yet, the success of mathematical physics also had its prize. It.
AR a . . R

cutting up the wholeness of man's experience into two

. ‘required the

reaiitiés, the ‘pseudoreality of the secondafy qualities .and the

. _ genuine ;eality as exemplified by the quaﬁtifiéble features of
p - L - * , N ) 6 / ¢
' -experience. This distinction which had proven to be so fruitful , for

v - 3

—

. the advance- of science on the one hand, erected barriers between the
. - . * N

L4

experience of vision and the object we are supposed to see on the ?{‘L

other. Man cannot help but experience the world as a realm of sound

' - .

and color,fragrance, and taste. Those experiences are 'mow pushed .

»
-

-aside as, mere epiphenomena{of the real underlying primary qualities,

-

. . and it became the central occupation for natural philosophers to find

-
e

‘ a method leading directly to the primary qualities without befqg

influenced by these deceitful . secondary qualities Wwhich werg

me @ , ) °
attributed to our untrustworthy senses. 4 ‘b g
It was thought that the primary ‘qualities were attributes of
4 Ch ' ' - . ’
14

. ! _matter ttself.‘ Matter was composed ultimately of absolutely hard,
' . » .

indestructible particles, equipped with those primary characteristics

»

which were'esgéntialli mathematical in nature. All changes amse to be p

. . -~

, . . Y : o 5
\ ® regarded as geparations, associations, and motions of these permahent " o

atoms./ It was thought that thé" varied motions of the atoms were

~ L

operating upon‘vthe senses, thereby- céusin@ us 'to; perceive the
’. - . ‘ o - ' ‘ '. ' . -
secondary ) o, qualities.

ay

' Human sensory:perception was thus inevitably linked with de'ceptio‘n;and

?5;._ququion -arose how certain kﬂ%wleagi of the real corporeal world

i ’
. . . ‘ Y]
- ‘. ¢ ‘

——




. being, classed as secondary and ignoble, man appears to be outside the

semi~-real effect. - : . .

_ outside and away from ourselves. We are left to wonder how all these

ldap the sensed gap between world and mind. ¢ ”

7 x

could be poSsib%F at all. It was held that the mind is located inside

the brain; there' it receives information about the external world by '

~
-

means of the unreliable-senseg and is therefore prone to be mislead.

"

o
‘

Now, as all those features which are most intense to man are

¢

o . , : ~ . '
real world. His memory and purpose are irrelevant with respect to

1
)

. that éreat mathematical drama .outside, of which he is, at best, a

- . \

e N - b

Having isolated ourselves from the experiental continuum we are

left in the position of spectators witnessing a universe that exists
a . t4 . N

. -

~ great scientific achievements are possible, how knowledge can safely.
. 2t . e

. . .

Thus the scientific revolution reéulteg in the banishing of man

-

from the great world of. nature. Modern scépticism and ‘man's

altenation from nature are a direct coﬁseguence of the destruction of *
the sintegrity of our expegience of reality, ‘

- ‘ . ’ ' , . ) ¢ e

. ~, -

;A

) ...the yorld of science, ‘the real worfd, is no
’ more een.v..as a finite and- hierarchically
ordered, therefore qualitatiVely and ontologically
differentiated whole, but as an open, indefinite,"’
and even 1nfin1tea universe, united not by its: B §
immanent structure but.only by the identity of its * /
fundamental contents and laws..,This, ‘in turn - < .
¢ implies the disappearaq&g - or violent expulsion -
‘ from scientifi¢ thought of all  considefations
*  based on value, perfection, harmony, meantng, and A
aim, beca:}é these goncepts, from now on merely _ ° R

sub jectiv cannot have a place ir the new -
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and‘uni&ied the universe,...But...it did this by

substituting for our 'world ef quality and sense

perception, the world in which we . live and. love

and die, anogher world - the world of quantity, of

reified geometry, a world in which, though there

. is’ place for everything, there is no place for
man (Koyr€(1965)23)

3.3. REDUCTIONISM AND THE PROB%EMPOF 'BECOMING'

$
'3

A— . P {

We have seen how the acceptdnce of reductionism resulted in ' deep

¥
L] @ hd

epistemological problems which have been occupying philosophers during
L 4

the” past three hundred years., How is it possible that man's mind,

which is in coﬁtac; with the outside world only through the 'window'

of the unreliable senses can'haye\knowledge‘aboﬁt this.world? What is

the nature of ;he human mind that “it can know? Are man's

[ ] T . 'Y .
conceptualjizations of the‘warld necessarily correct or are they, tovo,

"
v

subject to. change and 1mpro;emenpf What -~ 1if knowledge 1is so

A ' -
problematic - is the ’'status of all those 1laws which, are being

discovered bl scientists and which, enable then to predict and control,

P

natural events? ,

. ) » [P 4 .

It 1is cleai.that we cannot expéct answers to thgse‘ well known

+

. .
;pistemblogical problens to /atise wichin the framework of th“

' reductionisihurhilosophy itself In the one—level ontolJ@y of

réguctignism there is no place for’ man and his ‘quest for hnowledge.

1f reqliby,is nothing but the sum rtotal. of the smovements of the

[} - °

. )
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+ would have to submit to utter scepticism. ., _ -

ultimatg entities in .Space .and time, 1}ving things including man
himself are but semi-real effects of this great and st;ange happening.
In order to &intrgau;é an obéerver into ;uch a universe he has to be
artificialiy superiﬁposed withqut beir&x f&bted in the metaghysicél

system itself. The gap between the observer and the observed has

- traditionally been b}idged by ﬁbsgplating a guarantor *who warrants

"that man's claim to knowledge is not a mere illusion. Thus Descartes'

)

God who is not a deceiver providés the ultimate legitimation for those

clear *and> distinct ideas upon which the rationalist framework rests.
The empirMcist, too, neéds a guarantor whose bepeiolence has equipped

human ’beings ‘with reliable organs of éehsation without which gend&ne

kﬁowledge would be impossible. Even the Kantian who has resignéh
himself to the belief .tﬁai we live and die in the prison of our

conceptual frameworks has to rely on" a benevoieqt God .who created
. S
these very frameworks to fit thg'wo@ld. Without this‘helief, he, too,

-

/

The increasing accgptanéé of the tﬁeory of evolution has brought

_another kind of guarantor into.the epistemological debate. It 'is said

3

"that the fact of evolution itself is assurance enough that we can put
t . ' :

trust in the reliability of our organs of sensation as well,és in the

L4

. ”p&wer 6f’the human mind. Those faculties’haée been selected by the

- -

external world. and if they would .not 'fit' this world, i.e. 'reflect

it truthfully, our species would not have survived as long as it.did.

-
v

. Yet,to propose an evolutionary justificatioi “for our claim to
knpwledge sharpens the conflict rather than to at}ﬁviafe it. For it

is hard to see how any, theory of biological ‘evolution .cﬁnﬂ evg; . be

A - f v e ) ook . L ] Vs
. reconciled with an ontology 'which asserts that nothing genuinely new

o . '. K

, - -
T - ‘




'é?indegd these sciences are probably ipco&patible.

K]

a -

can ever come into,being,-and which has eliminated life altogether
. . L
from its conceptual model of the real. ’ “

In\dfder to,undérstand living things we have to think, about them

. ! - ’ ®
" in thermodynamic rather than in dynamic terms. Living things feed on
L d ¢ . -

gegentropy and thereby ~ sustain their Gompiek non-equilibrium

- structures. The cpnceptual relationships between thermodynamics and
L ]

AN ,
dynamics are, however -as we have seen.above - anything but. clear,

H

‘ Prigogiﬂ. has recently called thermodynamics the science of

becoming and hynamics the science of being (Prigogine(1980)).‘ Thus, s
' s . . ' - '] ¢

we should not be surprised about the difficulties in reconciling both

sciences, for we are facing - althaugh in different guises - the old

philosophical problem 1ﬁfch set the Greek mind on fire:' how can we
»

reconcile Being With Bebomingé
. a
) It is most noiewgrthy that one of. the oldest conceptugl problems
e ' 7 ' : ~ -
has surfaced again' after having been relegated-to thﬁ'ﬁtatusgof a

.gseudoproblem'at the beginning of the scilentific revolution. With the

-

discrediting of the old Aristotelian sciences, the-distinction among

the various kinds af change was also abandoned. Of'thé‘variou§ .types .
of cﬁange only !locomot}og' was retaineé; Indeed,<the movements éf
t@é'planeté and .the stars ;nd.the inquiry 1Htc the laws of -faliing
bodiest stood at the center of %he scientific inieres{ of this

nperiod.(Sj BLlieving that livfkg thingg“a;é nothiﬁé but ;ggggéates of"'

minu%é, Isolid particlif, 1t‘was thought that they, tdo,vfoilowed t;e-

. . B ' ¢
‘universal Taws of motion and would eventually yield to sclentific

-

1nveltigipion' based ,upoﬁ the laws of dynaqics: Thus: dynamics became

v

the universal science.

. ! . <t
) . -
.
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The problem of understanding the intricacies of living things, in
. particular their apparent goal-directedness; was ''solved" by .
postulating that organisms are nothing but complicated machines which
i T , ) o . . LYY
' can be wunderstood on the same terms. Like most metaphors, this one,
?‘ - ) - ) ‘ ' ) - »1. oo
too, can be of’ value within a lipited context but can -actually harm

-

our understanding if applied outside. its legitimate range of
' . l ‘ - . ’ . . ’ '

‘ application. Thus it did good service to Harvey, who by comparing the,
. .’4 ) ’ M ) : ”
heart with a pump discovered the circulation of the blood. To say,

. L? ‘ L * . = e * . . .
e 4 .

hGngér, that living things are‘nothing but machines, i.e.’ to take

- - —

. that metaphbr quite. literally, is misleading; to say ‘the least. ,
I - e ‘ : ’ B

. Machines do not develop, they do not grow, they do not evolve. mNone

of these charaéterisf&cs which éfq so crucial for the pnderstanding of

.
’ s

1 v a a
the phenomena of life are to be found in human artifacts. , I have
. ) , . X ) — ‘
called the machine metaphor, "most unfortunate', because ttakén out of
. . A

the appropriate context it obliterates the real conceptual issues and

’

L . . . . ., - )
gives the impressfon that we understand more than we actually do. In -
. R . . : . . * »
particular it hides the, fact that from within the reductionist
-~y ] e . ' ' . v -
framework the phenomena of- becoming tannot:be accounted fdr. Yet,

-

these features are most imporsant for the wnderstanding of living

> -

-

things, their development and evolution. : . ,
A /.

ﬁ The problem of 'becoming' ds by no. means réstglcted‘to the

{ ‘ biolpgical sciencés) although they appear there most conspicuously.

u * ¢ - B
Ever in the heart of theoretical phys?cs we find conceptual problems

. associated with the phenomena of qualifatiﬁb (i.e., non=dynamic)

change. Thus it is a notorious yroblem' for quantum mechanics to

-

account for the 'lifeaglme and decay of a'particle. Yet any atom will

eventua_lly decay, once it has been broug,ht to<an excited energy .level.

R . -
. - e . .
+ i ‘'
4 . . . .
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The <clearest example of, the pred1ctxve="
- incompleteness of quantum mechanics ig. Lhé
disintegration law of radiocactivity. To také the
example of an atom of a member of a ;adiugftlve
series: its lifetime is certainly a pa&'c of the
description in the theory, in facg'an earentlal
part of a test statement in the theo;y, ‘But  the
statement cannot be derived wltﬁin the theory
(Post(1971)280). . o 4
ﬁ.‘;iia? ' N
+

‘ ﬁ >

-«

~

In spite of its wuniversality the problem of 'becoming' has

resisted conceptual clarification. This, however, should not surprise

us. For as long as we lead the investigation on the basis of Ta

reductionist framework, we are excluding the solution a priori. Why

‘this is so can easily be seen once we understand the source of the

exclusion of the phenomena of 'becoming' ih favor of those of 'being':

‘ v . .
The question of how a thing can change without losing its

-identity was one of the deepest conceptual puzzles which occupigd the

v

' 4 . :
Presocratic philosophers. They argued that ence a thing has changed,

it is not the same thing’ anynppre; -how, then, can 8nge be possible?
2 . ~ 4

. The two bold answers given to that difficult problem are associated

.

with the names of Herakleitus and Parmenides. Herakleitus argued that
° [ ]

the wH le question was a non—issue in the first place, for there are

no thing§§ only processes. Change is 1inevitable, the apparent

: stabllfty of the world a mere 111us1on._

’ = ” . N
Parmenides answer was no less daring: and counterintuitive. He

1

aFgued that what is cannot come * out of what is not

N (Cornford(1912)153). Change i§~163§ca11y'impossib1e for any thing -

for any being. The plurality of phenomena‘is-onlyfapparent; anything

-



gt

®

that is claimed to be.real must also be ultimate. Being must ‘not . be

allowed to spring from not—béing. Needless fo say, this answer was
L ‘ -

! * ‘ .
not very convincing,either. The dominance of change in the world of

our experience is too oBvious to be argued away.. Nevertheless, it was

Parmenides' and not Herakleitus solution which was eventually adopted,

s

though in a different guise. )

The Atomists Leukippos and Demokritos proposed a most ingenious

solution to the seemingly unsolvable pdzzle. They declared that
things do not, change -intrinsically, although they change their

position 1in the void. Things ‘are nothing but agg}egates, arbitrarily

formed in the ‘coming together of independent individual atoms. The

coming into being and perishing of all things is nothing but the

aggregation or dissipation of a set of atoms;f?f;::f mechanically in
the veid. — .

We are thus left with 'a conceptual model of
the real, in which perfect clarity of conception
triumphed, and which, accordingly, held the field
in science till yesterday. The Gods and the

.»immortal soul have vanished in the dance of
material particles. Physis, though the name may
be retained, has lost all its ancient associations
of growth and life. there is no, such thing as
'growth'; nothing bl «he coming together and
separating of immutable atoms. All motion had
once been the inherent property of the living
thing, the proper expression of its inward lifé.
Now the life is wrung out of matter; motion, no
longer a spontaneous activity, lies not within,’
but between, the impenetrable atoms. Instead of
14fe, nothing 1is left but the change of spacé

. relgtions (Cornford(1912)158). .

84
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At the foundation of atomism lies the denial ofh becoming.  The,

®
v

N
X

Parmenidian, in that it accepts the immuta‘rlity of 'being', and
. . .
explains 'becoming'‘as nothing but mixing. Parmenides' doctrine that

'out of what is in truth. one, a plurality cannot come, nor\yet a unity

¢

out "of what  is .really many' was adopted by Leukippos

* (Gornford(1912)153), and has ever since then provided the foundation
of any atomistic metaphysics. o e
We must therefore not “be - surprised = that our
t v
atomistic-reductionistic  ontology canmot accomodate qua¥itative

5

change. . It was never meant to! This, of course, was always known to

. - ' ) - ‘ A . .
many philosophers and scientists. For example W.Thomson and also

Helmholtz observed #n the 19th century that atomism cannot . "explain"

»

any properties except those which are attributed gratuitously and‘a

priori to the atom itself (Santillana(1941)19). The postulate that
<, Y 'Y

what is in the whole must necessarily be in the parts results ih the
L}

. denial of the coming into being of new properties and leads to all the

epistemological and conceptual puzzles I have been ;lluding to. Yet,

the hold of the. atomistic metaphysics. on the mind of most pﬁalosophers
- ) \ .

4 v

-

claim;that all the modern scientific evidence 1is in favour of tHé

[
e ¢

atomistil way of looking at the world: -

-
\

o ‘ " »
> o !
. Atomism is the recurrent image that has dominated
scientific thought for over-two thousand years.
« . 1f anything were more remarkable thah its purely a
priori otigin, it would be its enduring through
the ages as a strict matter of faith, its capaé;ty

- ., e .

» .

~ K ". ’
atomistic solution to the problem of change remains in essernce’

and scientists is still a;“;Ex€ng as ever and mgny of them will even

—
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. for drawingé'ﬁew life from seemingly unréléﬁgd L
- dlscoveries, .and its ultimate vindication . - .
(Santxllana(f941)17 ,my 1talics) . . .

< v N - R

- % .3.6. A WORLDIN FLUX ¢
& . ’ . . " o

] ., #
- % - P : ‘ . . .
) Is Santillana correct in his conviction that ddern Sscience

o

% N = ; z
confirms ' the atomistic view. of the ugiverse? Ishit not rather th® T
N W, ' » f
. v . .
* N 4 - . . . , s ' .
case that whenever,we have discovered new, tmmutable entities, théy
)2 N 3 } . ) - -
* ! ‘ ] N . ' . ! » . *
turn out  to be .nothing but the.resylt of violerft:-processes which in . s
, ./ \ i ; - .

. ]
'their interaction’ restrict” themseﬂbes and give the
. H

-

-

- appearance bt stability? - .

- - R ] , 4 : .
~ \ . P N . - L .
o , . The " reachdnstitutioh of things 5 ' S . g

’/\ ; . - . &
: is accustomed to hi@e itself .

L

0 \ . ES

o , , + Herakleitus . .

S

. - ' *

4

The seemingiy qﬁprnal features of the univertfﬂkzha tufhed out, to. be ...
T lgng lasting ‘only 'with respect to the I;f%fspan of'human beings.
Stars are born, eVuIVe, and pass avay, matter dissolves and lposes, its >

‘ .
solidity. Récks. dté nothing but atoms in, mdtion, atomg%zz?nca_etgrnall

by definition -<ﬂ‘1ntegrate into electrono, protons, ahd néutrons.

A (1 N e
* * M

. ) ' ) ,
The identtty of. chgse eluslve entitie , hqwevér. gets logt {n the I

. ' ¢ : ‘ N e ! " v ’ ! LN 4 .r -
. . -~ ‘ . ) LT 4 . -
- -
.
. .
.
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whi;l of subnuclear pdrticles which physicists havg® to postulate \Thx‘
order tb accomodate all those strange properties of matter, they have

: ) - ..
discovered with their mighty particle accg&sratorsn

4 @

9 . . ‘\.g;
The unseen connexion of opposites is in¥fact stronger

o N
than other more obvious types of connexion . R

Herakleitus. ~ :

’ ~
~

iWhat uséd to be regarded as an independent permanent substance - the
. material particle - turns out not to be sufficiently unchanging to be

treated as a thing existing in isolation in its own right, but is '

rather to be reggided as a changing system in a changing environment.
The seeming stability of matter 1is due to the bngoing eléctrical
interéctioﬁ between a positively charged nucleus and the negatively

/charged electron. It 1is this interaction that structures the
I 2
. v , *
electrons into a dynamic state of equilibrium in which they become o

strong eleetric fences, creating the apparent solidity of the ground

2 '+ on which we stand.

Men do mot know how what is at variance

~

agrees.with itself. ' i

~ . n

It is an attunement of opposite tensiohs‘

T R I

like that of the bow and the lyre’ ,‘ L -

3

Herakleitus.




<

L

The whole of the world that we take 1in with t‘f senses is
- . \’ . "

structured as objects because of the na%gre of the forces in or

between them. Thus it becomes our task to comprehend the interaction,

\ . >

of those [forces and realize that things are not essentially separate

but cohere-in a subtle and often elusive way. The wuniverse in -flux

between tensional opposites is symbolized by Hgrakleitus throégh the

imaée.of a flame for

the quantity of fire in a flame burning steadily
appears -to remain the same, the flame seems to be
what we call a "thing".' And yet the substance of

" it 1is continually changing. It is always passing
away in smoke and its place is always taken, by
fresh matter from the fuel that feeds it
(Burnet(1930)145).

\

\\
The image of the flame as the symbol of existence demonstrates
dramaticaily the differences between an atomistic and a process view

of the universe. .In the atomistic view we look at the world of change

k4
'

and declare it to be merg illusion. If we want to gain knowledge we
* . s J

Vs

have to delve behind the appearances and search for the ultimate
entities of matter. 1In thépprocess view we acknowledge that the world

is continucusly in flux. What we need to explain is why we experience
1

stability at all, why we conceive of objects as stable entities

A ]

enduring through time. Thus, the atomists conceive of the universe as

.

an essentially timeless entity in which qualitative changé becomes a

mere illusion. The wotld is .inhefently stable. Iﬁ is us " who -

because we are deceived through sensation'- give the appearance of .

- . 11

-
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chang3 to aq\.essentiﬁlly stable universé.s\\zabptiqg a process

metaphysics, however, we cannot concéive *any eternal stability. If

things appear to be stable, then this is due  to 9ur' activity as
perceivers.

The history of western gcience and philosophy has essentially

’
¢

been a story demonstrating the success of the atomistic conception of

the universe. With some notable exceptions, such as Herakleitus, the

Alchemists and Whitehead, philosophy and science have been carried
‘ ’ R .
forward by timeless reductionism. This is mainly dee to the fact that

atomism 1ig much more amenable to mathematical treatment. And central

i —

to the progress in physics during.thé past three hundred vyears has
“been the appliéqtién of‘ ever Qore sophiﬁticated- mathematical
techniques. ) ) i

The other major factor which contributed to the neglecting of the
process view is -the fact that until the second half of the 19¢h
centurj the world indeed appearéd to be much more stable thaa it
appears to us now. Wherever we turn now, we seem to be surrounded by
evolutionary changes. Daryin's)theory of evolution and ;he discovery
of ' the Second Law of Thermodynamics are but counterpoints in a‘change

of worldview which has been going on for the past one hundred years.

'MeanwhE&e we got used to the idea that the wuniverse itself is

evolving, and that the stability of the atom is elusive. Instead of

finding stability and 'sihurity, wherever we look, we discover
evolutionary processes 17ading to diversifjication and increasing
complexity. Today stébility seems to be tlie exception and dynamic

change the rule. Yet this fundamental change in our vision of the

universe has still not been fully.éssimilated.'"ﬂr\fre still carrying

v : .
" * L]
. . ‘ ' o, ! )

. - - "f
o Yo LRt '
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the same metaphysical presuppositions with us which helped the

1Y
pioneers of modern science to get it off the ground. e
. N ‘ *
* * -
-._ k4
* -
" -

3.5. HOW TO CREATE STABILITY
IN AN UNSTABLE WORLD S

» o e

It ‘has been only very pecent that‘the emerging new paradigm . is

‘gaining more impetus, and a burgeoning literature is ample evidence

that a new 'Evolutionary Vision' - to use a term coined by Boulding(4)

> - is " emerging. The fusion of new results in the thermodynamics of

-

+ - ifreversible processes, ‘in systems theory, in écology,f and: in
evolutionary theory seems to be close to.a éritical point at which the |
‘'new paradigm will come fully to the open and substantiail& alter éven

our deepest metaphysical beliefs, Thi; vieﬁ is voiced.b; Nobel Prize

~

winnet Ilya Prigogine, who speaks of his

€
‘ conviction that we are in a period of
stientific revolution - one in which the very
, position and meaning of the scientifi¢c approach .
are undergoing reappraisal - a period not unlike
the .birth of the scientifi¢ approach in ancient
Greece or of. its .renaissance in the time of :
Galileo (Prigogine(1980)XI11). .
- . ‘
i %

. .

It is clear that a fundamental restructuring of our metaphysics

must  be accompanied by an equally substantial change. in our

o




epistemology. A new way of conceiving of the structure of the world
is Tbound to léad to a new conception .of human beings, their

¥ - -

relationship ;o?%his world, and their role as perceivers and actors in
[ e : .

it. In the present thesis I am sketch?ngtﬁh epistemology which is

r

based on the assumption that the world - and this includes the human
observer - constitutes a matrix of mutually interacting processes. It
would be far beyond the scope of a dissertation, however, to develop a-

fully -fledéed philosophical system'which eficompasses all the relevant
< * . e

. ”

scientific and philosophical issues. Thusy the,6 present work should
‘ ) Las A . . »
rather be seen more as- a scouting out of a possible way of

conétruéting such a system than as a full-fledged philosophical system
in its own right. Needless to say, I aiso do not claim that this is

the only way td.proceéd.” At the present stage, however, where the

-

*" philosphical community still appéars blissfully unaware that such a

new world view is in the making, it might .already be worthwhile to

/ ¥

bring this new approach to its attention by efplaining a new way of °

looking at human beihgs and their relahionship to the enviyoning
. t

world.
Let me begin by discussing the most fundamental distinction which

holds when we 1look at the world conceived as a flux of interacting
7
processes.
Nathsal processes can be ‘distinguished Dby  the kind of
3 .

thermodynamic system within which they operate. Depending on whether
or not systems can accept or dissipate energy from their surroundings,

they are called open or closed systems, respecti&ely. Open systems.

»
b

can excbange_energy’(or matter or information) with other systems, the

latter are said to form their environment. In donirast, a closed

-
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- system does not permit ‘energy (or matter or information) to leave,
neither -can it accept any; thus, 'strictly speaking, closed systems

have no environment and are therefore not \found in nature, although it

1

is assumed. that the universe as a whole constitutes one gigantic'

, R , .
closed system. When we talk about closed systems, wg are referring to

.
¢

systems which - at least for the _purpose of investigation - are
insulatéd from their environment . in “such a way that it becomes
permissible to neglect. the elways -existing exchange of energy.(5) In

f .
1 .

order to have a truly closed system, we would need a perfect
‘ ‘ 1 .
insulator; ‘in practice, however, there does not exist such a thing.

»

The internal énergy of a perfectly ‘isolated system would remain

constant forever, which is just another way of stating the principle
) T « T = ‘
of the conservation of energy. . T
) 4
A closed system will tend towards thermodynamic equiliprium which

’ . ' 7 .
is the state in which entropy . reachds its maximem value. Thus, l

Clausius stated in 1865: . '"The entropy of the univerde tends to- a

maximum".(6) Equating entropy with disorder, we//é;n say that the

thermodynamics of isolated systems evolves towards the. state of

maximum disorder. Within the closed -system a variety of complex

physiéal interactions take place. Depending on the temperature of the
]
system, different physical aggregates may form. The formation of
: . v * ' ) -
certain types of ordéred structures in physics is a consequemte of the

laws of thefmodynamics applied to closed systems“at thermal

equilibriuﬁ; Ice crystals or various forms of liﬁuid water are
. . o -,

.

-

examples ofaLuch equilibrium structures.

Let us now shift 9ur'in£erest to - open, non;équiJib;ium systems

which are of céntral impdrtance for the present inquiry. The energy

'
[

@
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of an open system can be changed by a flow of heat or other types of
energy across its boundary. Thus it can gain energy from, or lose
energy to its environment. Processes occurring in open systems can

interact in. such a way that they form structures of a very different

\ ’

kind, compared to the equilibrium stzqg?ures we discussed above. The
most important- of these non-equilibrium_structures are' living things.

Living systems are characterized by an internal decrease of. entropy

< Y. ' : i
' and .an appearance of order from the chaotic thermal ‘movements of the

UL S . )
. environmeht in order to maintain its existence. Streams of energy,
. - .

matter, and information pass through it, and it 1is fed by negative
) - . . ‘ - .
entropy derived from the environment. Thus, the increase in and the

maintenance of the organization is paid for by entropy increase in the

surround. There is an essential difference between the lahs for
systems at equilibrium and those for _systems far from equilibrium.

The former tend to maxypal entropy production, the latter 'feed" ¢n

%

\wyﬂssggﬁive entropy. Thus it appears that living matter tends to flout
the Second Law of Thermodynamics. 1t follows that from the point of
view of thermodynamics organisms are highly ihprobablé afrangements of

matter —-

’

Intensive theoretical and experimental resFarch ®hto the nature

v

of open, far from equilibrium sysfems has led in recent years to much

better understanding of those systems; In particular the work of

AT ’r"'f .

Prigogine and his cq%borkers have providéﬂ‘ a foundation for the

> 4

T, . ‘ ' ’
undérstanding‘?f systems which form #nd maintain themselves far from

”~

' ;bermodynamic %quflibrium; These 6pen éyétems are called 'dissipanive
v V.2 , ‘ -

structurds' because they convert séructuralfenergy into thermal energy
. .

+

molecules. Such a system needs permanent interaction with the

Lok eyl
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"po;sible through- the non-linear autocatalytic mecﬁanisms which

in the\fqllowing way: . . ,i .

]

+ e -

by - irreversible process%s. This thermal energy is then dissipated

-
.

into the environment. It has been shbwn that these ‘'structures ' can

form spontaneodshy in open chemical reactions’'far from equilibrium.

Under specific experimental conditions a new moleculam‘ order appears

that is stabilized by the exchange of energy with the outside worlq.

*

Dissipative structures are chafdcterized by their ability to stabiliz

their organization by 'feeding" upon negentropy extracted from the’

L
.

_environment. Both substance and efiergy of thede structures are

constantly bgdn”lqst; yet through their capability to extract new
L .. '

energy from their environment, they can constantly replace the losses

they are suffering; and thus maintain their precarious existence. In

other words, those structures show a remarkable autonomy (althou

no means independence) from their environment. This autonomy is made
s - ‘ e N

»

characterize dissipative structures. A fairly elementary examplie

\

would be the\§<stem - . . e, '
. ' ' ‘ N . . r
. /e .
. . B Y _"_} \“ . .
. . N K . R
N -, \\\ | . .
. . . N L
v ‘ (Zb—-x \ ’

L8 . ’, .~

e autonomy of the system*
\

(§YY zZ, being certain cLemical compounds)

(X,Y,2) 19 caused by the cross-catalytic mecﬁan*am by which Y produtﬁs

.

X, x\producea Z, and Z in turn produces YoA(7) If we‘also want,CO-ﬁshow

.
R

the relatton with the external environment we would enrich our diagﬂqﬂ

T

» ' 4

by

AT 4 PN 3 I % N et




N

»

-

.~

thermal structural
" energy energy ’

4

structural

thermal
energy  energy
A
thermal strPcturel P

energy » energy . g -

!

This diagram might help us to understand “in which sense a

-+

dissipative structure (X,Y,Z) is autonomous from and in which sense it

.. 1

is dependent on the environment.

v
1 ~

Dissipative structurés.renew'themselveé continuously, they absorb

energy which serves to maintain and improve their self-organization:

©

In virtue of the autonomy of dissipative structures, members of these '

-

structurés,i.é. molecules, can be characterized in two(!) different
. _ (' ' ) " - " n(\) o A
‘ways. On the one hand they are simply molecules 1like any .other

,mqlecules,_ and the normal structural description of chemical entities

L d

applies to them. - On thé other hand a molecule which participates.'in

-
)

the maintenance of a digsipative structure has also a funotion, which
€ P funotlon,

£h

characwg

ngoing self-renewal of . the dissipative

is to contribute o

-, 4

structure. This

rization brings ‘ot most .clearly the
. -

difference between equilibrium strpctures and dissipative structures.

:

The former are merel}‘aggfegatés of matter, structuring themselves in

. -

‘ LI * :
the way determined by the temperature of the syftem. The molecules or

crystals making up those 'struétures form a pure collection . of

. .
v .

-
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individual elements without any ovetall systems ‘organization.

What marks off the dissipativg'struéture‘is that its componqus

have not only‘a structure gqua molecules but also a function qua member

» of a coherent and interrelated organization. The stabglity of the

¥

system, 1.e.$ the'posﬁibility_of its survival under conditious where
it is thermodynamically unstable, constiputes’ a constraint on the
variety of possible configurations of the mofecule; making up the
system. The two ways in which order can ari;e in physical systems. can
thus be de;cribed best by saying that equilibrium structureg display
architectural order which is detetmine& by equilibrium conditions,
whereas dissipative structures also display functional organization
which insures the integrity of the,systeﬁ‘under‘conditions where iF‘is

«

thermodynamically instagle.

n
[

We have seen that far from equilibrium, chemical systems that

include autocatalytic mechanisms may lead to dissipative structures,

e

Those structures are distingyished through their. functional

L

organization which enables the system to“act as a whole. The symbolic
aspect of métter, i.e. the. existente of the genetic code, constitutes

the most dramgtic exemplification of the functional aspect inherent in

dissipative structures. The carriers of the information contained 1in

the genes, 1i.e. the polynucleotide molecules known as DNA, are from

. -
L4 a

the structural point of view‘simply tinear macromolecules with certain

.
- P

physical propertiés, like molecular weight;-conformation,etc. From

"

4 .
the point of view of the biological system, however, this particular
‘macfomolecule fulfills a specific function, i.e. it instigates the
éroductlon of a different molecule, say,fan enzyme, which 1is needed

. for the maintenance of- the organism. Pattee points out that the

.
' e

s
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structural and functional-descriptions of the same macromolecule
. Y

-

are complementary in the sense that! neither
model can be réduced or derived from the other by
any logical process within the rules of the +two
models. We cfpnot study the structure of DNA from -
the purely objective chemist's point of view and
derive the genetic code or any corresponding '
protein function, nor can we look at the behavior
of an enzyme from a purely functional point of
Wew and derive any chemical property of the
corresponding DNA molecule (Pattee(1981)920).

. . ! ‘

i 4 ¢
/
!

-~

. Within a substance metaphysiés we cannot account for the
4

.difgerencés between the 1living and the non—living: The rgason'for

L

this is sﬁraight-forward: There is no difference in substance; the

building blocks for life and non-life are identical. Once, however,

-we adopt a process metaphysics we begin to study processes in their.

P
interaction, and we realize that there is, indéed, a fundamegntal

.

- difference between the living and the non-living, .or .rather between
by .

the dissipative structures and the equilibrium structures. As we have

-

seen ‘this difference turns out to be, a difference in organization

betwéen structural organization in equilibrium structures on the one

-

hand, and functional organization in dissipative structures on the.

- . -
»

other. Thus 1life turns out to be a phegomenon of self-organization,

whereby the living system managés to conserve its properties despité

/]
.

gontinuous turnover of all the compomnents.

’

. The idea that stability is not due to underlying stable material

-

entities but rather a result of o?anization, is intimate,iy tied to

v

the p}ocess view which asserts that stébility appears as a fesu}t of

.
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theﬂ‘ongoing interaction of Twe s which mutually restrict each other.

To understand the natural gprld e must therefore investigate the
N . AN »
. ' v 4
L4

possible .interactiorrs among processes leading to increasi%g complex

&

organization in the realm of the li¥ing and to increasing disorder in
) . L

r

the realm of the non-living. In’'the 'thing' metaphysics life appears

as an ultimately meamingless superstructure over inanimate matter. In
- N < ~

the process metaphysics ,we are interested in the organization which,

-
8

makes it possible for a system to be azz?ole,_autpndmous unit that is

alive.

s We have seen that living things are dependent on the environment

‘s

- L
from which they extract energy apd into which they drain entropy. The-

- > ’

greatesgyﬁrob}em for any living ‘thing is. to survive in thispinnerently

-

ks
5

hostile envirdnment. This is the problem -of  adaptation. It is'

s i

important to note that it makes sense only t® speak of adaptatiop in
(9 N [ ’

4

the case of living things. To say that a crystal is adapted to its

environment is rather tri ial, because the c¢rystal cann#t .help but

-

[he . » -
‘being "eSapted“. 1f we take.it away from the conditions under which

it is thermodynamiéally stable and put- it into a situvation where it is

insféble, it will begin to decay towards the direction determined by
- ' ‘ ' hd ’

the thermodynamic course of events. A crystal is wholly at the mercy

of its environment, it has no autonomy. Only systems which have the
™ ’ v

possibility of being non-adapted can imé}bve their adaptation. . This

happens in evolution. There we find as the science of balaeontology

N ¢ ~ s
demonstrates an evolutionary thrust towards higher and 'more complex
' A - . .

forms of brganization. * Yet, ‘in evolufion species not only undergo
changes themselves, they also change the environment within which they

tive, '+ It is obvious thqt the appearance of, life on earth hasééhanged

be

e

‘|
-
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o

: our planet in a most fundamerfa} way. The earth as it is. presenting

itself to us now has certainly little in common with the barren rocks
' <3

and dead waters of the prebiotic times. In cultural -and scientific

N

. evolution as well we are facing an ever increasing complexity of

- societal, instrumental, and conceptual structures. We are likewise
- % - ?
] X .
confronted with an environment which has been profoundly affected and
. .- R 4 .
/pﬁ ‘transformed by the human actor. I&. is therefore tempting to view
. . s
human cultural evolution as a contiruation of biological evolution.

.y

It should be clear that this is not meant to be % reductionist view in

» ]
© L PR
the sense that cultural evolution ought to be reduced to biological
. ‘ -
evolution. Those . claims have no place in the nonreductionist

1 - ] ~

. ) however, are ' common patterng, of organizational" complex®ty . and

developmeht. -

A ~

Let us therefore try to unéerstand what is mednt by functional

&

com,plexity-’and- organization in the realm of the living and ask th#

S b v - o

question of.whow this increasing complexity 'is. related to ‘the

] P +

' phdnomenon of adaptation. In other words, what we have te understand

4

. ’ . -is, how autonomous living things-" can and ,do' relate” to their’

- ( o, . ' o
environment. ~ This, of course, is the great gpistemological question

in its most general form. It is hoped that by Jgaihing insight lintp

the relationship between the living and the not-living we can prepare

>
-

the way for a better understanding of how human beings, dissipative’

. . . .
-

. struttures in their own right, organize their‘bwn experience, and can

LY

gain knowledge about this strange non;eunILbrium-world withing which

.ot

-y I

they live and which fhey transform. - | . -

7 framework of a process metaphysics. What we can attempt to find,
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NOTES TO CHAPTER THREE

.

Quoted from Prigogine (1980),157.

a
.

. 4
It may appear strange to list Descartes' name
among those who favored atomistic reductionism.

sYet, Descartes only denied the existence of a

vacuum, Cartesian;substance remains particultar and
thus ultimately akin,to atomism. .

.
i

It is, however,‘By no means the case, that the
mechanical philosophy was the only importants
scientific tradition of the time. In fact,
various "hermetic tpaditidns remained influentidl
during the whole period of the' scientific
revolution, - and most major  scientists pursued -
alchemical as well as ‘'modern' mechanical]
research. ' See(Bonelli(1975),West(1961)).Yet, the
very fact that history has been rewritten so as to
obliterate those" "non-scientific'"” influences on
all the major figures of the time, demonstrates
the  tremendous influence of the mechanical
philosophy upon philosophers, scientists, and
historians. The mechanical philosophy was never
fully and wholeheartedly accepted, yet, we are
conditioned to believe that it constitutes the
only genuine scientific outlook.~”

" An impressive discussion of the sources and
ramifications of this "Evolutionary Vision" 1is to

be.found in a book with the same title, edited by

- the late Erich Jantsch (Jantsch(1981)). -

Genuine Glosed systems have hardly fany practical
interest. In practice we always want to do
something with -.the system or get something out of
it. Adiabatic processes,for example, occur in
systems closed with respect to heat transfer, but
they are open in the sense that they permit an
exchange of energy in order to perform work.

Quoted from Prigogine (1980)78. . -

Examples .of such primitive dissipative structures
are given in Prigogine (1980)120-3.

v
’
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CHAPTER IV :

A WORLD' OF HIERARCHIES

4.1. STRATEGIES FQR SURVIVAL | .

*
Ry

-
-

In chabter one 1 prdbﬁsed that we should replace the old question
"how can Qe know the world" by the new question "how c;n the world be
such that we can know it". In onder to answer the latter question I
sugggsted that we should émﬁloy metaphysics constructively and create

a system withinifﬁcﬁ métaphy ics and epistemology mutually support
one another. R ’ ‘ , .
, In\chapter two 1 developéd a view of science as an extension of
» | .
perception, arguing that the constructive features of'éur perceptual
and conceptual frameworks ﬁakq it pgssible for us to Idistinguish
o o /

between chans which are relevant for a particular purpose and those

which are irrelevant and are seen as mere ''moise'. Only against a

fixed framework ¢an regularities be .detected and predicted.

In chapter [three, I investigated the widely accepted metaphysics
of reductionistic atomism and concluded that this metaphysics is not

suitabie for our purpose, i.e. that it is incomprehensible how human

«

beiﬁgs could /have knowledge in a universe of that kind.. Turning to a

’

process metaphysics 1 argued that modern science lends at least as

1 -
o/',
¢
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much support to this latter view as to the forher. Indead, in light
: . : 2

of the increasing realization of the importance of irreversible

‘processes, there are good grounds for believing that a process view

- provides a better conceptualization* of the wuniverse than the old

atomistic metaphysics. 1 thén proceeded to give a somewhat more

detailed account of such a universe of processes 'based mainly’  upon

insights derived from Prigogine's important work on dissipative

/

structures. » ¢

I will now weave the various threads of argumentation together
v

and develop an epistemology based upon the process metaphysics which I
v . .

outlined in the last chapter. In order to do this it is necessary to
look in some detail at the organization and the evolutionary changes a

. '
dissipative structure may undergo..  Thereafter I will view the

observer as a dissipative, i.e. order creating,’struCtureu’and raise

~ N

the question of how the observers' capacities can be improved 1in his

¢

interactions with the external world.

Let us recall that dissipative structures are very precarious

- . )
entities which exist far from thermodynamic equilibrium. They can

’ , ]
con’inue to, exist wunder those conditions only because of their
. -

a

capacity to extract energy from the environment and transform it into

high-energy biomolecules, which can be utilized for the maintenance of
o -~
their structure. This kine oF system is continuously threatened by a
- ! .
possible decay into thermal equilibrium, and we can easily imagine a

5

. , ] '
natural selective mechanism favoring those structures which succeed in

Il

delaying that decay.
- )

The most importaﬂt "inventions' dissipative structures have made

f
M ’

with respect to their future survival are a) the development of a

.
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genotype and b) the development of hierarchical organization. One may

summarize the principle which lies behind the invention of the

r

genotype by pointing out that it doesn't matter how well constructed a

phenotype is, sooner or later it is bound to succumb to the Second Law

L4

of Thermodynamics. However, it is possible to defeat death and Again

.potential _immortality if one succeeds in finding a mebh;hism by which

the information of how to comstruct a new dissipative structure can be

passed on. The invention of the genotype indeed makes.a virtue out of
the inevitable evilyi.e. death. It is only through the dissolutiop

of the old and generation of the new individuals that genotypic
i «

changes can be introduced into a population of organisms. However,

‘,*;jéﬁ
the capacity of the genotype’ to change,i.e. to undergo mutation and

*

reassortment,, is a necessary prerequisite for the occurrence of

‘

evolutionary change. The genotype codifies all the biological

- .

information necessar& for the canstruction of a new phenotype; that
is to say, it also contains all the information- . necessary for
hierarchical organizatioq.

Still, in spite of the relationship between phenotypic

-

higrarchical structure and genotygic coéification of this structure,
it is well worth considering both features\éeparately. For; altho;gh
all living thiﬁgs are made up’of'a genotype and a phenotype which
displays hierarchical organization, bgth type; of inventions made by
dissipative structures are utilized in various degrees by different
s;ecies. Therefore it is useful to- distinguish between two rather
different.fevolutionary strategies.(1) Let me call the first stratégy

the 'population strategy'. Organisms adopting this kind ofﬁ'strategy

leave their individual members -rather underdeveloped. Members of

“
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these species multiply very fast. This makes it qussible for the
population to adapt ‘io changing environmental conditions by letting
many of its members die. Those few that survive canm, howe?er, ﬁake up
for that loss in a bfief period of time. Bacteria are a paradigm
example of organisms utiliziﬁg the 'pépuiatioq strategy'.

The other kind of strategy I have been alluding to puts more

emphasis on, the survival of the individual orgamism. Here it is the

individual member of the species that can adapt to a variety of

heterogeneous environments. Those individuals tend to have longer

i

lifespans, less progeny, and, most importantly, the species they

‘belong to display in their evolutionary history &n, ever greater thrust

-
.

téwards complex hierarchical organization.
Within ;he present context‘w;)are only interested in the latter
Kind of straﬂegy."Wheﬂmwe talk about‘evoluﬁionary progress, about the
! 3 .
'tree of evolution', leading from *}elatively primitive to. highly
- A
complex organisés, we have undoubtdly those species in mind thay

)

- adopted the 'individualistic strakegy'? If we are interested in
. A

t

progress'” through evolution, in particular pregress which leads gto the-

developﬁent of evér greater capabilities of individuals, clearly then

.

we have to look «closer at the chqracterﬁstids of hierarchical

organization. This I will do in the fnext settion.
In ordérnzo prevent misundérstahdings,llet me emphasize, héﬁever,
that there exists no single species which‘adbpts only one of those

strategies. In reality we always find a mixture. Yet, as I indicated

above,  some species, 1.e. the more primitive organisms, employ

predominantly the 'populat%on stragegy', whereas other kinds of .

species, for example warmblooded creatures put greater emphasis on

A
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indiVianl survival., The difference between a virus on the one hand,

.

and homo sapiens on the other demonstrates strikingly to what

divergent results the adoption of different "strategies may lead to.

4,2, CONTROL HIERARCHIES

£

ax

Ed
~Before turning to the hierarchical organization of living

v

organisms I will discuss a more familiar example, ahd will elaborate

[

on"some basic concepts of hierarchical structures in  terms of H®uman
g

social = organization. It should, however, be c¢lear that human

®

4
.organization is not the best example of complex organization. Humans

" are rather underdeveloped in their understanding and handling of

4 -

+

~.
complexity. They have still much to learn from“natural swstems, whose

admirable coordinatign is still only ingufficfently'aped in our own

attempts to construet complex organizational hierarchies.
- “ } )
The type of hierarchy 1 am going to"describe next, ‘is called a

" -
I"’

control hierarchy. Légg;\ I will also discuss a different kind of

hierarchy, the structural hierarchy. Both'\;erms I borrowed from

Pattee upon whose insights I will frequently draw in the following

s

discussion. See (Pattee(1972),(1973),(1981)). o,

Let.me begin my elaboration of hierarchical controls by looking

at the regulation of the traffic flow in a large‘city. There we find
K

as a very basic control device a traffic light. In certain time -

intervals such a light will change from red to green. The function of

the light is to saféguard the passage of automobiles, bicycles, and

-




- . ‘ .
‘ \

a L

- . another function. They are to feguléte the speed-of the traffic flow

. 3 . e \ .
in order ‘to maximize the volume 'of ~traffic the city streets can

-

handle. In order to fulfill this function the periods various traffic

lights are on red or green have to be regulated and coordinated. Oq

* the main arteries of‘the city we will find many such coordinated

v

" traffic lights. If the regulatory system is sophisticated enough:

then the various arteries will also be coordinated so as to optimize

some parameter or set of. parameters, such as maximizing traffic flow,

L]
> [

incréasing fyel economy without foregoing safetyi etc.

The system I have been describing is distinguished by several

-

levels of organizational control. On the most fundamental level we -
- . . —,

- ‘ »

eftounter the individual traffic light which éoptrols only the traffic
going into one particular direction. .The next level of control is

constituted by.a set of traffic lights at the crossing of twe streets.
. . s "

They are coordinated and jointly control this particular crossing. On

-

the next higher level various of these crossings are coordinated, i.e.

the input of the individual set of lights is determined‘!& the demands

/ - ' of the whole artery. The next higher level of control consists  then

-

in the determination of which speeds should be permitted on each "

individual artery in order to maxjmize the coordination of the traffic

- in various parts of the tity. Like most hierarchies, this one, too,

.

*is open-ended, and ‘we can conceive of many more levels of

organizational control. In practice, howeve}, we do not find these

levels, because - as I indicated above - we are still not very good in

- r
+es - <
had 3

| handling many;levelled- systéms, and often enough a single traffic

* accident can jam the whole system.

.- - J - -

Yy 8 pedestrians. In a large,ecity with much traffic those lights have also

«
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Each: level of cont£a@ydetermines the values of the parameters by

., . , .
which the next Qower .level 1is °to operate. For example, the time

I
1 -

. -
.'

intervals an indivi@ugi traffic light operates on red or green are

determihéﬂ by' higher level goals, such as the ‘desired speed of the

traffic on the main street.

-
s

" The principle of hierarchical organization enables us to,

’

correlate functionally the higher leveligoals of a system with the
A

Y . . . ‘

‘hierarchy. Thus, a general who directs his troops in a war has to be

sure that his ideasé@et translated into activities on the battlefield.

- .

it is unlikely that the general and the corgmon soldier will ever meet.

They are not 3Qined through pefsonal acquaintance but through 4

.

( hierarchical network of .commands that filters through the various

levels of a military hierarchy. , .

In order to have a hierarchy we need at least two levels. | Both

e .

.levels are. coordinatgd’ through the controls which the upper level

. exerts upon the lower level. What happéns‘in a_control situation is

v

that the upper level puts constraints on the degrees of freedom '

, available to the lower level. For example, a control devfce "like a

* .
~a

traffic light might constrain the traffic on the side streets, and

thereby selectively favor the traffic on the main street.

. Let us noﬁ~return to the discussion of living things and ' their

»
[ w»

hierarchical organization. How are we to characterize the various

levels of control and which kind of constraints guide the ﬁu}titqﬁé-of

‘ *
chemical reactions in such a. way that they.can be of use to the-

k) . \ R . , '
* A
.

organism? - T
\ B . oo

practical activity of the members standing at a very low levdd of the.
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The most fundamepfal tonsgraints which every 11ving'sisgéﬁfhas to

. . 1
- face is given by the.féct that' it has to survive under non-equilibrium
. * 4 .. )

+

-

" X 2 ’
conditions. I pointed~oum‘bbove that the inventien of a genotype and
é ¢ L » ‘ .

they,development of 2hierarchicdl‘ organization . can be understood as
reséonses to tﬁis threat to ;ufvivali Any possible gé:étypic and

. X
phenotypic ch:hgé is .;ﬁué .consgfain§d by the nééessiﬁy to kiip the
.system goinéyan spite gg;its nonfequilibrium nétur;. In tﬁe cdﬁrse of
evoluﬁi;n living ihings‘ h;ve slccéeded in improving their. survival

‘ T ' ' hid )
capacities to a remarkable degree. Those improvements are to be found

. L RN ' . .
K almost exclusively in their phemotypic organization. The organization

P

of the genetic system, “i.e. the DNA-RNA-protein syccession,,  Ras

, : , ¢
apparantly remained unchanged for most of evolutionary history. This

]

v . .

e is not surprising, for a change on §ﬁch a fundamental level would 1in .

all_'likelihoﬂﬂa be lethal for the organism within which it occurred. I

In contrast to the stabiiity‘ so evident in genetic. organization,

&

phenofypid organization has undergone dramatic changés. ‘This is amply

4

-

Adoqgmented by the diversity of living species, both, past and present.

Living things can extract energy from their environment gnd can

L4 -

. improve or relax constraints on the_ﬁhermodynamic~cour§e of events.

By developing ever more hierarchical levels of 'control they have

succeeded in controlling and chamelling’ the energy intake whichkkéeps

ot

‘

 the system-going. Thus life thrives even under ~ the most adverse

conditionsin the dgep seas, the burning déserts, or the frozen arctic,

-
-

' This amazing feét is éécbmplisheh through the controlled intake .of
X : . .- .

structural, and dissipation of thermal energy.

. R How do these controls funcfion? What are. the 'traffic lights'

L]
+

directing the energy flow within a cell? The molecules which are

.
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résponsibfé fg&'the'orderly progression of biochemical reactions are’ ’
P . . PR

called enzymes. They are catalysts whose function it is to accelerate

a certain chemicalquac;ion; By influencing the rate of chemical

change, the catalyst ensures that .the, required chemical reactions

.

”

‘occur at the right time-and at.the right place. From a ,structurat._ .

. -

» > : v »
point of view enzymes are merely molecules like other molecules (in

’

- -

‘the same vein traffic lights are nothing but #$lysical stractuyes).
What distingwishes the enzyme molecule from ot‘er molecules’is that it .

also has a function, whicH is to contribute to the.overall mainténance
b - & £ .

.
£

" of the Qigsipqtive ‘structure. The enzyme &hfqh controls ' the lower

»
.
]

level reactions is in turn controlled by constraints originating at

L

.the mext higher level of control. ‘ T

- .
-

-

In_order to understand this control mechanism, .we have .to realize

o

that the enzymati'c capacity’ .of ‘the molecule only arisés within,-a’

certain context.(2) Both enzyne and substrate molecules may exist

'

within the same solution without any reaction taking.place. Only

unger‘certqin well defined environmental conditiens will the eﬁzyme

-~ . ~ -
-~

molecule - fold in such a way that .an active sitgﬂis formed which was

not present previoysly. This Bptimal configuratioh,.éan then react

-

.

with a suitable ggubstrate molecule. Thus the activity of the eniqu

molécule can be controlled by regulating the thermodynamic conditions

- £ - -

-of the .surroundings. These conditions in turn may be controlled by a

.
] ~

variety of other chemical react{ons, including the one which is to be

controlled. In the latter case we speak of a feedback situation.

" There the consequences of(&pe action of a system are referred back to

the system as part qf its- fnﬁut, thereby influencing its subsequent

’ L}
‘e

output. In living things we find many more levels of control often - -




“

‘ apd regulating devices increased dramatically. '\ ' ’ .

v

-
.

‘connected in feedback circuits, leading to a staggering complexity

.

which‘is“still not - fully understood. This is,, of course, not the

place to discuss .these most interesting cybernetic mechanisms in

‘detail. Rather, the brief excursion into this -exciting science is

meant to bring Some basic features of hierarchical organization into
. T A, - °

foeus. - , C . . r *
* N ¢ N

N

Hierarchical organization is a means for  creating stability in an

-
’

. - Jq - L : oy .
otherwise chaotic, world.; This created stability is internal to the
N h " . D" . L3 : \ . ) - ¢ )

. - . Con
system, and chaused, By Tutual . interactions of a great number of

processes. /External to . the" .system .we _find a basically hostile

.
L

surrounding. This is due td the Tact that the system is not in

.-
T,

- - "_ R PR . . - R
equilibrium with its environment's +To ereate and preserve internal
. > [ .,

stability in spite of the eVer present threat of thermodynamic decay,
. . ,

. 4

and in spite of the ongoing turnover of the-components internal to the

1 P

system, has been a contifuous challenge to living ~organisms' during

a
‘

their long evolutionary history. Those organisms which adopted the
» . .

.

'individualistic strategy' evolved "towards greater ~and greater
- v ' - ‘ ’
complexity, .In the course of this evolution more and more levels of

hierarchical control have been sugerimpésea upon the older

.
.

organizational structures. As a_result. of this thrust towards

"
A

hierarchical organization, the sensitivity of the intermal contrplling
4

-

The term used to describe the regulation Bﬂ"nhe ‘infernal

3

environment 1is homeostasis. Mdny physioiogical variébles, such';sh

core body temperature and the pressure, ph, and glucose concentration

of blood are subject to homeostétic regulation.(3) It is absolutely

essential for the organism to keep those kigd of variables under

)

-

-
'

.
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strict control. If some external disturbange drives such a variable

-

outside its normal limits, the commencing change itself will activate

L] .
* -~

a mechanism which™ opposes the external disturbance. The reason for

.
&

the importance of this internally crfeated 'stability is that it is only
under stable, well defined econditions that the bjochemical reactions

necessary for the maintenadcd{of the organism can take place. In

order- to ‘keep these essential variables constant it is necessary for

B -~

other variables to vary. Thus, the constancy is a dynamic stqpility,

4
brought about through vatious processes which mutually interact and

ey -~

through this interaction create stability.

4.3. STRUCTURAL HIERARGHIES

-

.

After having elaborated ongahe distinguishing characteristics of

. E

a control hierarcﬁy, I will now turn to the discussion of the other

kind of hierarchy which is to be found in our universe - of processes;

-
.

this is the structural hierarchy. .

-

o \J * 1
.

At the various levels of this hierarcﬁy we find different
equilibrium structures such:as atoms, molecules, crystals, ané solids. .
This kind of hierarchyﬂcan be characterized as a hierarchy of forces,
the strongest forces Being responsible for the smallest or lowest

level structures. One can .also characterize this hierarchy by

ordering its levels accordihg'to time scales of interaction. Thus the

strongest forces which hold together the atomic nucleus are associated N

with the shortest time intervals of interaction, whereas larger time

e

[T T
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intervalls indicate weaker forces and are characteristic of larger
1

structures. (4) . ' .

The various forces operating at different levels the hierarchy

operate almost independently of each’ other. If this were not the

" ‘

case, knowledge in our universe would be impossible.” If every process

were to interact with every other process no invariant features could

I

be detected.A EYéry observation would change the entities of its
concern; pxpefiments could not be repeated, the.world would be a
complete chaps. - instead of such constraintless interactions of
processes we find a pars&mony of "interactions as a result of which'the
world appears hienarch;caliy ordered.

. . 5~

The world is a large matrix of interactions in
which most of the entries are very close to zero,
and in which, by ordering those entries according’

- to their order of magnitude, a distinct hierarchic .
structure can be discerned (Simon(1973)23).
/k . ' .

t

Thus we can investigate a chemical reaction without having ta

-

analyze the inferattions within the atomic nucleus; neither do we

have to take the changes in gravitational attraction into account,

which ﬁay be due to the proximity of some planets. The slower motions

. -

of the higher level appear to be constants ‘with respect to our .

-

measurement, whereas the faster lower level motions are averaged out

L) . .

. 2 ‘ . “
(Pattee(1972)5), It is because of this 'layered" structure that we

can- searchs for law-like relationships on one level and still neglect

the forces of the upper and lower levels. ™ Nevertheless, some




.

interactions between the various levels do take piace, they crop up as .

"disturbances" or ''moise". 1In other words thé 'levels are not- fully

separate, they are only "nearly decomposable", to use a term due to

Simon (Simon(1973)11). .. , e .

»

In our universe of processes we find no absoluee stability. Yet,

~ this does not mean that we cannot discover genuine regularitd#es. Dye
@ ) .
- ’ o™
to the fact that not all processes interact with one another, a

hierarchy of entities appears. Entities on one level interact almost

exclusively with other entities on the same level. We can ‘therefore

-

attempt to discover the relationships holding between those entities.

The entities themselves are, of course, processes, stable only from

the perspectide a particular level within the hierarchy. Thus the

"objects'" which surround are stable only with respect to our

<
¢

everyday experiences, 1i.e. to the natural modes of perception which

-

are our evolutionary heritage. Once we .point a ray of electrong
“ towards a table, ‘say, we will discover different .levels of reality.

On this level we cannot see §the table ‘anymore; likewise 1im our

everyq?y reality we do not see the atoms. ‘This does not mean that our
[}

table, or the afgms, or the nucleér»pabticles are unreal;: it . does

)

mean, . however, - : that

in a universe of\processés we find many levels of reality.~”

s

™

B

From the point of viewr of a "things" metaphysics this appears to -
. . ) .
be absurd. There can be only “one particular object at the same

space~-time location. Thus, if our table is made up of atoms, then it

is ‘the latter which are real; .if the atoms are made up of nuclear

. particles, then those are real, and sq/on down the reductionist scaie.
° , ’ * -,

»

We can however, find different processes at the same space-time

@
.

. A

f
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locatipﬁf Some of these processes will interact with each other,

-

/ .
otﬂér's. won't. As a result of this constﬁgined interaction,

-~ . 1

stabilities appear at various levels of our structural hierarchy.

v

",

4.4, HOW TO HAVE KNOWLEDGE

IN A WORLD OF PROCESSES

If we are tg have knowledge in this strange world of "processes,
thgn we have to find means to focus upon oneglevef at a time without
being too much digtracted b§ upper or lower level phenomena.

Sc%egtiffc knowlédge is always concerned with invariant

relationships between "objects'". In our world of processes objects

are processes sthemselves and are stable only with respect to

-
]

o

particular modes of interaction. If we change the conditions of )

experimentation, for example by using x-rays instead of visible light,

we wWill be confronted with different objects located at a different

level of the structural hierarchy.

Therefore it becomes the central epistemological probkem of how
to tease the various levels of the hierarchy apart such that they
become amenable to scientific investigation. If-we were to experiencé

everything there is all at once, we would be utterly confused and

incapable of accomélishing even the simplest task. The problem thus

‘becomes how to restrict our access and let us perceive only one level

é - .
at a time. . In. other words, we have to learn how

to control the conditions. of our experigncea'

4

——
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The problem of how to comstrain our cognitive access to the world

~
has ' been most beautifu&&y solved in the course of evolution. By

restricting our visual experience to that small range of frequencies,

¥

the visible light, we experiénce mainly those features of the natural

world which are of crucial importance if we are to survive the

&

. exigencies of existence. However, these natural restricfions are not
enough, we need further constraints imposed by 1intelligent brains
which let wus stabilize our %xperience of the world and construct out
of fleeting two-dimensional patterns a stable three-dimensional world
within which we can orient ourselves and act in a meaningful manner.

We have seen that not all processes which constitute the world

interact with each other, and that the appearance of structural

hierarchies is a result of these selective interactions. In 'view of

-

the fact that processes almost exclusively interact with other
‘I

processes of similar freq&encies (i.e. similar energy levels),

stabilities do appear, although - needless to say - those stabilities

are only relative to the perspective of a particular level of the

hierarchy. This, however, does not minimize their importance. On the
contrary, all objects which surrouni'us are real in precisely this

sense. We as physical entitiés are also "objects" on the same level

-
—_—

of the hierarchy. We have to operate with and on those objects, and

"=
v

it is the task of our perceptual and conceptual framework to search

out those aspects of the external world which are invariant with
\ o
respect to our own cognitive activities, and belong to robust entities

which we call 'objects'. .

3

Being physical entities ourselves it is of crucial iﬁportance for

us to control our interaction with other potentially dangerous

a
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physical objects. Following Gregory, I showed in chapter two that the

sensation$ of touch and taste give more direct, less theory-laden

experience of those entities. However, if we were to rely on <those
-
sensations exclusively, we would be in great physical danger. The
. . . .2
importance of our v}sual and also auditﬁ;x experience 1is “that it
. A -

enables us to learn about the environment without physically

interacting with it. Being removed from potentially dangerous objects

ay e

we,'gain safety, but our experience also becomes inevitably theory

laden. Neither colors nor sound are robust,neither remains .invariant

in a variety of contexts. Therefore these sense impressions have to
& 4

be calibrated against touch which presents us with more reliable.

» .
properties such as size and shape. By coordinating various modes of

"sensation the child learns to distinguish between robust entities and

’

those which are only a byproduct of the process of perception itself.
By placing those robust e;tities within a- s?acé—time framework he
begins\ to understand the world, and can make predictions about the
future location and-behavior of objects.,

In chapter two I elaborated on some of the constructive
characteristics inherent in perception and gonception. Now, after
~"

having discussed the structural and control hierarchies, we can

understand these constructive fea;ufes much better as a means of

i

controlling the conditions of our experience. Indeed, we can view the

establishment of perceptual and conceptual control as the continuation

of - the evolutionary process which is distinguished through the

development‘ of . ever more hierarchical levels of control. By

+

stabilizing the internal nvironment, dissipative structures can

survive even under adverse en nmental cond}tions. By stabilizing

‘.
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- the conditions of their own experience, higher developed organisms
!

learn to orient themselves and act in a meaningful manner. The former

process is entirely genetically determined, whereas the latter also

. involves ihdividual learning during ontogeny. In our further

g development as cultural beings we learn how Eo attach names to things
and handle these names in a language. Our ling;istié capability
' enables us to select relevant details of objects and situations. What
is or is not relevant, HOWever, is largely detefmined by the cultural
context. Myths, fairy tales, and metaphysical presuppositions alike
| p}ovide u; with a framework of basic categories through which those
facts gain coherent meaning.
~ Thus, hhysiological homeostasis secures internal stability,
percgptién lets us conceive of ;tabLe objécps in a three~dimensional
. worla, and cultureaprovides us with our basic concepts which sustain
the order in the universe for  us.
It is now necessary to iook in some greater detail at these

conceptual control hierarchigs and see if we can detect the same

L]

«

. organizational pattern as we did in the previous examples.

4.5. A COGNITIVE CONTROL HIERARCHY ’

®e have seen how. by means of a control hierarchy stabilities are ;
created. The best' example 1is the phgnomenon of biological
‘ homeostasis, where a multitude ' of inte;gcting processes creates a
"Tstable_ environment within which certain specific properties of enzyme

\

-
-




molecules emerge. Likewise I want to view our perceptual and

»conceptual frameworks ‘as controlling devices which stabillze our

s

“experience of the world in such a way that we can distinguish between

genuine stabilities which characterize robustness and those phenomena

which are only a byproduct of our own cognitive activities.

Nowhere is the importance of control more evident than in modern
science. Experimentati®n can only be conducted in a tightly regulated
environment. As in homeostasis, we let certain parameters vary in

order to keep others constant. This constancy 1is "a necessary

" -
-

prerequisite fo% the unéerstanding of lawful change. By means of a
measurement we connect our theoretical conceptions of the world ég thé
world. A measurement apparatus is part of the external world in Ethe
sense that it is a physical entity which iﬁteracts with other physical
entities. The same apparatus is, however, alsé linked to our
theoretical world. Our theoretical preconceptions determine what we
. intend to measure, and the results of‘a m;asurement will have to be
intéipreted according to these preconceptions. In other words, the
measurement apparatus has not only a pﬁysical, structure- but also a

function, which is to link the' external world in a meaningful way to

our theoretical world. Likewise, entities participating. in a

-
’

dissipative structure, beﬁides pp%sesging a structure qua physical
entities, also have a function qua members of an organization; this,
~of course, is a distinguishing characteristic of a dissipaiiye
structure. In other wora§, I view thg linkage of thg external
physical world to .our internal tkeorétical world in the same way as

r

the incorporation of physicai structures into the organization of a

control hierarchy.




.

~
The measurement apparatus itself is not a controlling device, but -

it 1is incorporated into a cognitive control hierarchy in the “sense

that the scientist has to control the conditions wunder which the
4

measurement  apparatus can fulfill  its function. Only if the
! experimental setup itself does not produce disturbances can stable

: , .
conditions be produced. Thus the scientist may have to create a

vacuum, use ultrazpure reagents, isolate the apparatus against

radiation, etc. He also has to calibrate the measurement apparatus

- °

itself in order to be able to distinguish between the ever present

'noise' and the actual measurement results. Which parameters the
scientist will have to vary and which he keeps constant, against which ’
disturbances he has to protect the experimental apparatus and which he

considers harmless, which kinds of measurements are appropriate and

which aré unnecessary, all these factors are to be determined.by the
next level of the control hierarchy. Aéithisﬂlevel we find a cluster
of scientific theories and models which guide the scignti§t in his
activigies.r There, for example, we can watch him drawing fiéures of

molecular' orbitals, there, on paper, he lets electrons *tattack" a

particular chemical bonding, there he calculates the energies involved

in the reactions,, etc. In other words, at this level -of control all
- Q

-

his theoretical knowledge is harnessed and applied to a particular

-

problem. The scienitist also uses general principles or laws which

ﬁelp him to direct his activities. For example, the Principle of Le

Chatelier will .tell the chemist how to influence an -experiment, and

direct. it towards the desired outcome (LeChatelier's ﬁrihciple states

L] - .- . -
that a system in equilibrium reacts to a stress in a way that
1

counteracts the stress and establishes a new equilibrium (5)). 1If the

°
B}

.
"
, N
’
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scientist is faced with the common problem® of-how to recreate a
. . . ‘ .
particular puzzling phenomenon under contro!led laQoratory conditions,

then he may have to manipulafe a host of parameters before this goal

can Be accomplished. Only after having learned how to ‘control the

e
situatiop, can he proceed with further scientific investigations, and

3

pose more detailed questions which in turn ‘may necessitate new
experimental arrangements.

It is clear that the theories which the scientist ddopts

determine which parameters he wvaries, which he holds .constant, and

,which experimental arrangement he chooses. Theories, however, are not

Y
self-authenticating. By means of theories we establish relationships
J' : B

between various observable properties; yet among the various

observable properties only very few are deemed to be suitable for

scientific investigation. Thus the question arises by what criteria

- Pl

does the scientist decide which observables are worthy of scientific:

T

investigation. Why does he prefer to deal with- properties such as
! R

\ I3

charge, temperaturé, pressure, instead-of color or smell?

In order to understand the level of control which determines

4 . -

which observables are of scientific significance and which can be

neglected, we have to consider the role mathematics plays in modern

science. A modern scientific theory can be viewed as an algorithm, a

[}

set of rules telling the scientist how to calculate testable ‘results,

using observedd data as a starting point. In order to utilize the

power of mathematical. reasoning it is necessary for the scientist to
confine his attention to6 those properties which are capable of

measurement and calculation. Once mathematical relationships have

been established, the horizon of scientific inquiry can be widened.

-
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It becomes therefore the primary task for the scientist tb.single out
those properties which can be measured, and thereby turn a given
scientific problem into a question for mathemafics.

o L

.{’ This method was piqnee?éd by Kepler wnahd Galileo. They
. géomettized the heavens and turned the éroblem of motion into thg
problem of geometrical bodies moving in geometrical space. According
to* Galileo  "the book’ of nature 1is written in" geometrical

’ char;cters"(Calileo(1623)238). In order to read fhis book' it becomes

L]

. . r*necessary to 1isolate the phenomena from theif natural contexts, and
study only the aspects bf such phenomena which are measurable.” '"When

the philosopher-geometer wishes to recognize in the concrete woaip the
- r )
effects demonstrated in the abstract he must cut down the encumbrances

of matter".(6) Only by applying mathematical reasoning to a nature
which has been stripped of the deceptive secondary qualities can

’ L

scientific progress be achieved. Without mathematical reasoning,

however, human thought becomes "an aimless wandering through a dark

-

mage".(7) In a similar vein Kepler said that just as the ears are made

for sound and the eye for color, the mind 'of man is meant to consider

s

quantity and it wanders in darkness when it leaves the realm of

quantitative thought.(8)

A

-

i B - L
" By substituting for - the real experienced world a world of

. geometry, Galileo and Kepler - succeeded. in erecting a vast body of

mathematical theory upon‘the|resdits deﬁ}ved through measurement. The

mathematical method ¢f Kepler and Galileo was so successful that thelr .

o '

_suécessors'followed their pioneering thought. As- a result of ‘the

increasing mathematization of nature knowledge gets:ever more detached o {
) from surface appearances and frbm our iﬁeryday Lntuivionﬁz‘ For the
. N . - . e

» -
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colorful, qualitatively determined facts of common experience are

repugnant to the precision of measure and therefore to the application

Y

of mathematical rigor. Another impressive example of the power of
s

mathematical analysis is given by Newton's study of - spectral colors.
Newton succeeded in transcending the realm of quality by interpreting

the phenomena of light on a quantitative basis. o

The application of mathematics to physics has préven pto be so

successful that often physics has been .considered to be coextensiv

with mathematics. Thus, Newton's teacher Isaac Barrow states that

-
L

the attempt to speak of the mathematician as
dealing with an ideal or intelligible realm as
opposed to the realm of sensible objects is
mistaken: it is. the
sensible realm, so far as it is intelligible,

especially so far as it reveals quantitative
continuity, that is the object of all science.
Thus physics, so far - as it is a science is wholly
mathematical, likewise all of mathematics is

~applied in physics, hence we may say that the two
sciences are co-extensive and equal (9).

. I ‘ -
+ The claim that mathematics. and physics are coextensive would in

all 1likelihood be considered to be too strong in light of the many‘

esoteric mathematical theories  of today. Yet, the., fundamental

N . hd »

L .
importance of the progress in mathematics for the progress of science

- .

can hatdly be overestimated. Withbut ﬁrbbability theory- Boltzmann

could not have laid the foundation for statistical thermodynamics,

’, . .

,without the tensor calculus Einstein could not have developed the

a8 -

theory of relativity. ‘ .
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5

So fzr we have been discussing three levels of the cognitive

" control hierarchy: the level of eiperimental control, the level of

theory control, and the level of mathematical conmtrol. We still . need

to add one more fundamental level before we can understand how, by

-

means of a system of controls, we succeed in stabilizing our,

- B - ~ .
experience of “the world and make it amenable to scientific

investigation. It is clear that one more level 1is needed, because
’
scientists do not simply measure whatever can be measured or count

whatever can‘be counted. If they were to proceed in such a way they

‘would éever find meaningful correlations. Scientists do not count the
leafs on a tree o; the blades of grass in a meadow. When they begin
their 1investigation they have al;eady aygery definite idea of which
questions are worth investigating .and what_ sorts of answers are

aéceptable.

>

Questions and answers are verbal formulations, hence for them to

be connected to experience, experience must be categorized. This

.

categorization of the.world is taught to ds in a social context at a

very early age. We are therefore unaware that we hold such beliefs

.

and do not question the way we cut up the world. Already through the
learning of a language our thoughts are guided into definite

directions. We have learned in early childhood how to correlate‘ our

. various modes of experience and have acquired the concept of an

)

object. The people who surround us name those objects and in naming

they also interpret. The child is encouriged to see the world as his

parents do and the older he gets the- more natural the adopted:

categorization of ‘the world appears. Small children ask all kinds of
. \1 ’ P '

"silly questions". They have not yet leérned> what ‘socially is

»
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considered to be an acceptable question off answer. Once they have

adopted the belief system of their elders they «can function

appropriately in the social environment within which they grew up.
I1f the young scientist is to function appropriately in his field,

he also has to be socialized and learn the concepts, techniques, and

standards of his science. “This learning takes place within the secial
dontext of the scientific community. After many years of an often
demanding apprgnticesﬁiﬁ he will have learned to see the world as his
peers do. He can understand their questions, judge proposed answers,
and contributé his ownr The aspiring 'scientist' learns how to
_categorize his - scientific world as implicitly in a social context as

he learned to categorize the everyday world when he was still a child.

Therefore he is wusually unaware that he holds any metaphysical
beliefs. Yet, these beliefs are nevertheless powerful and constitute
the wuppermost level of the cognitive control hierarchy. Historically

those beliefs are related to our, common sense conceptualizations.

'

There we learn that the world is made up of objects: tables, rocks,

people, plants, and animals. We then transfer the concept of an

object to the invisible realm. However, once we begin to jnquire into

r'id

what lies behind the phenomena, we are facing the problem that we have
learned how to categorize the world in the context of our everyday

life but that there «is no a Egiori justification for assﬁming that the

~

same categories are also suitable for the understanding of different

~__ realms of reality. 'When we apply the concepts gained in everyday

discourse to different areas of réality, we are making a metaphysical
N .

decision. 'We hope that our conceptualizations are powerful enough ta

7Ehptdre true, relationships holding in a realm to which we have no

-

! -
'
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sdirect access. We believe that there are objects which make ‘up the
world, and we use concepts such as resistance, impedance, attraction,

acceleration, force, field, pressure, and law. All these concepts

- bear witness to their origin in*everyday language.

.

Once divested from their everyday usé} however), conceﬁ;s gain new

meanings, and eventually bear little resemblance to t@e original
\

conceptions from which they descended. Nevertheless, they do cut ‘up

our experience 1in certain specific ways which indicate their origin,

and this ,indeed, is unavoidable. Nature does not dictate how she

L
ought to be categorized, and therefore science has to start with

metaphysical presuppositions. Like a man who throws an “iron. hook

attached to a rope across an abyss, hoping it will catch hold on a

.

tree so that he can pull himself onto the other side, so do we impose

N
our metaphysical presuppositions upon nature, hoping that the iron

hook will catch hold, that some of our questions may turn out to be

1

meaningful.
-

- A metaphysical system helps human beings to understand otherwise

unexplainable phenomena in terms of familiar concepts. Thereby it

. gives meaning to the world in which they live and instills a sense §£

/vw; direcfion. into their daily activities. 1t determines which kind of

. questions th;y can ask meaningfully and wﬁich are " obsolete. The

h concept network which constitutes a metaphysics allows men to focus

-

their ideas ,and check whether or not they are consistent. It
orgénizes and categorizes their perceptions of the world, and it
relates their activfties to the events with which they are confronted

. in their lives. In summary, a metaphysical system's underlying

categorizatior of the world gives meaning- to man's thought and

v

(K
-

o
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ractions. Me;aphysics'seems to be a universal category of culture, as

all} peoplé try to understand the unknown by the known and extend

~
-

metaphorically the concepts of daily life into the realm of the

(RS

|' . i s \ . .
unknown. Whether we talk about atoms or fields,  spirits or forces,

the goal of explahation seems to be identicalatiE?;}<§o reduce the

< unknewn to the familiar, and to extend one's perceptions into areas

not accessible to human sensory peception. A leading anthropologist
. ' ’

describes this connection in the following way:

The quest for explanatory theory is basically the
quest for wunity underlying apparent diversity;
for simplicity wunderlying apparent complexity;

. for order wunderlying apparent disorder; for -
»regularity ‘underlying * apparent anomaly.
Typically, this gqUest invelves the elaboration of
a scheme -of entities or forces operating 'behind’
© or 'within' the world of common-sense
observations. These entities must be of a limited
- number of kinds and their behavior must be
governed by a limited number of" general
principles. Such a theoretical scheme is linked
to the world of everyday experi&nce by’ statements.
(Xdentifying happenings within it with happenings

in the everyday world. . '

....each category of being has its appointed
function in relation to the world of observable ‘.
happenings. The gods  may ‘sometimes  appear ° :
capricious to the unreflective ordinary man. But )
for the religious expert charged with the
diagnosis of spiritual agencies 4t worK behind
observed events, a basic modicum of regularity in
their behavior is the major premiss on which his

k depends. Like. atoms, molecules, and waves,
then, the gods serve to introduce unity into
diversity, simplicity into complexity, order inte
disorder, regularity into anomaly
(Horton(1976)132-34). -

4

‘ - L]
4 In view of the structural similarities between the metaphysical

- .
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systems of so-called "primitive' people and our own highiy)jefined
. . N\ :
scientific conceptualizations, is it Still justified to presume that

western science is more likely to give us a better picture of reality

-

than the systems of belief adopted by other cultures? Or is it merely

.

a matter of cultural bias that we prefer western science to other
tog e . “

‘models of the universe? Some amthropologists, social scientists, and

. =g .

philosophers subscribe to this' view, and epistemological relativism is

gaining increasing acceptance. 1 do not think that we have to give up .
G . .
hope for the improvement of science, and T believe that we have good

- grounds for holding ‘that western science is cognitively superior to

other beliéi systems. For, valthough a metaphysics ﬁgrstitutes the
'

highest level of cognitive controls, it is not the only one. The

levels of mathematical and experimental controls are, as we have seen,

also of wutmost . importance, and these levels are missing in

non—sci’ntific belief systems. A metaphysics citegorizeg_the world.

Thereby it constrains our imagination and 1in doing so it creates

conceptual order, a necessar rerequisite If we want to orient
p "P q
- .

—

1 . : ‘
ourselves in thft stultifying diversity so characteristic of the

natural world The utilization of the power of mathematical reasoning

'

puts additional constraints upon our ideas of reality. It is this

constraint which is missing in the belief systems of people who have
: - ’

not adopted¥the scientific outlook of western_ science. I dare to

[ 3] P ’
conjecture that if '"primitive" people were to mathematize their world

: ¢

of spirits, forces, and gods; they, too, would eventually come up with
< ' . ’

a suc¢cessful science.

-

. 1 .
It is necessary to constrain metaphysical conceptions in order to

. . » : ‘
arrive at cleat conceptual models suitable for conducting science.
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Atomism is g paradigm of such a medel. Originally atoms were thought

. ot '
to be .dittle impenegrgble pigces of homogeneous matter with none but
spatial properties - tiny geometrical solids, out of which all bodies,

of whatever shape or size could be built up. 1In the Cartesian version

. <
of atomism (10) we f;nd, indeed, only one propery, that of extension

[ ¢
- ‘and only one oosmological law -~ that of a constant quantity of

movement. Again and again in the history of stience we find a change

in the wultimate properties the anms‘ are alleged to have. Our

'modern' atoms, which are, of course, not the chemical atoms, but the
]
elementary particles, "exhibit novel properties such as charge and
’ -~

spin.' In spite of all these differences in the conception of what the

Y

ultimate entities of matter are supposed to be, there runs a common
Ty

f ¢

metaphysical thread through the diversity of conceptualizations: any

L. + )
atomic anilysis reduces the data to the sum total of the atomic,

elementary cbmponents. It thereby explains changeable things'in terms

of non changeable entities.~ The properties of those entities are

| 7/
\ - . .
measurable’quantities, because only on these, the primary qualities,

e . A
v can the sciénc of numbers and extension-operate. Thus the atomistic
N : ‘\
metaphysics claims that qualitative differences are simply diffgrences

in quantity - more or legs of the same stuff in a given space; The ‘
postulate of atomi;m is: what is in the whole must necessarily be . in
W the barts, and it is this metaphysical postulate which.serves to.weld
. . - e
observed measurabie quantities and mathemafical theory together. The .
" atomistic 'concepéibﬁ of the universe proved to b? invaluable for the
- progress of science. It exemplifies the fruitful marriage between

mathematics and metaphysics, producing the desired offspring:

quantifiable p;gﬁyr;ies.




Yets, the atomic analysis of global events and actions, that is,

»
.

the pattern of reducing experience to the sum total of the atomic,

<

elementary components should not be identified with mathematical
treatment in general. Different probleﬁs demand different

mathematical treatments. Which mathematical analysis 1is appropriate

¥ .

cannot be determined a prdiori, but has to depend on the nature of the

-

change we attempt to explain. The frequent employment ,of atomistic.

A
analyses in areas where they seem to be out of place (for example in

the social sciénces), is most likely due to the desire to” apply the
ready made mathematical tools of atomistic analysis. Already

d'Alembert warned agains this misuse of mathematical techniques:

It is often the desire to be able to'make use of
* methods ofcalculation which detérmines the choice
of principles, whereas the principles  themselves
should first be sought without thinking in advance
,to bend them foreibly,to methods of talculation.
Geometry which should only obey physics, when
united to the latter, sometimes commands it.(11)

’

Once we, have put mathematical fetters on our imagination, we need
- ' . ‘ .
to apply one more set of constraints, i.e. we have to control our

% R . ’ N * _
interaction with nature. We have to deal with nature in an

a

artifiéialiy coptrolled environment. The rich, colorful and messy

world within which we live is nof suitable for mathematical treatment.
.,
‘We Have to simplify the phenomena- in experiments, so that those

4

characteristics of them that vary quantitatively together with the

.

mode of their variation may be seized and precisely_défined.

’ . ta

£ -
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Thus we are facing a cognitiﬁe . control hierarchy within which

levels of constraints channel our thoughts and activities in

+

several

a4

such a way that an intelligible order appears. Only .againsi this

created stability can genuine invariant relationships manifest

2

‘themselves, can we get some understanding of the structural
A} .

the hierarchical constitution of our

stabilities which characterize

universe of processes.

Like control

any complex control hierarchy, the: cognitive

hierarchy displaz? also an intricate network of feedback cycles which
.. mutually interact and thereby improve the working of the hierarchy as

’ a whole. For example,.an improvement in scientific instruments'ma»,

may . indicate

H

In order to devise

lead to more

-

tefined experimental results which
weaknessgs ih the existing iheoretical framework.
a bet;e; theory a more powerful matheﬁatical apparatus may be needed.
The neL matﬂematicgl apparatus may in turn frame new the;rems which
need to be invéstigated theoretically and experimentally.

Thus we may say that science can beQHmproved at all levels,

it is only through the interaction of these levels 'that new knowledge

can be gained, that the art of intekrogating nature can be improved.

»

but
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4.6. SUMMARY

In this chapter 1 proposed to view knowledge as an hierarchical

system of controls imposed upon our experience. It is this nexus of

interrelated controls which makes it possible to conceive of a world

L4 .
of stable objects located within & n-dimensional space-time framework.

In reality — so my position goes - there is no absolute stability in

- P . 3
the world of processes we inhabit. Yet, there are relativé
4

stabilities, due to the fact that not every process interacts -with

~ . . - 4 L ;* . .

every other process. If we want to have knowlédge ab%ut”thls kind of
. - .1-{ _‘3:‘ k3« N

universe, it has to be knowledge about, the invariant relationships

A

holding between these local stabilities (called Sbjects) occﬁf??ﬁgfa£~_‘_“_

various levels of reality. If we want to gain this kind of knoﬁledge

we are faced with the problem that we have to tease tHe various levels

of the structural hierarchy apart so that we can deal with one at a

time, and can relegate the others to the status of 'noise'. This

means that we -have to learn how to improve the '"tuning" of our

scientific instruments, and it also means that we need a powerful-

¢

conceptual framework which allows us to differentiate between a host
/

“of intrinsically diverse changes. The other major problem we are

facing is given by the fact that we continuously interact with very
<

.
.

many processes, and therefore potentially disturb what we want to

into believing thai,ye,observe genuine invariant relationships which
){ ' I

are characteristic of the external woMd, whereas in truth our very

{ act of perceiving, conceiving, experimenting ﬁéy distu:L what we want

to achieve. 'Thus it becomes a central aim of the knowledge seeker to

observe "objectively"; Our own position as observers ma)ﬁn‘islead us\

131
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1

disent;ngle his own dctivities from those which he intends to record.
On the traditional account this has been called 'scie;tific
objectivity'. This notion seems to be out of place in a world of
processes. This, however, does not meaﬁ that science 'is merely
stbjective, that every conceptualization should be allotted an .equal
voice in its claim to knowledge. In fact the fundamental ideas behind
the conception of 'quec{iQity' can vefy wéll be captured in the

present systems account. In arder to show how this can be done, let

me draw your attention to the concept of a catalyst.

-

'3

A catalyst is a substance which participates in a  chemical

reaction but which is not-being used up in the reaction, i.e., it does
not affect the overall stoichiometry. Without the presence of . the

catalyst the reaction in question wowld either not occur at all or at

¥

, i
~ an extremely slow rate. We encountered the notion of catalysts in

€

this chapter when I discussed the biochemical control hierarchies and

the role enzyme molecules play in it. In fact a catalyst is a control

device par excellence. It is its job to steer a particular chemical

reaction into one specific direction.

- We may view the various levels of our cognitive control hierarchy

as conﬁrolling devices similar to catalysts. Their job is to steer
our thoughts and activities into new and fruitful directions. Without
them no research could take place at all. We have to categorize

before we can think, we have to measure and calculate before we can

make precise predictions. Yet :*those cognitive activities must not

* . interfere with the tasks they are supposed to accomplish. As in ‘the

case of the catalyst, they will ideally leave no trace, only then will

. )
we have knowledge of genuinely invariant relationships holding in the
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world,

However, at a certain stage in history we cannot know how deeply

our views of the world are colored and -distorted through our

o ] ) . . . . -
perceptual, conceptual, and instrumental biases. Yet, in hindsight we

can clearly discern a pattern of development leading from a highly
anthropocentric view of the universe towards a conception where we
increasingly succeed in disentangling ourselves from what we are

experiencing. 5

Copernicus demonstrated that what seemed to be the central and
most obvious phenomenon of the universe, namely its circular motion
around the earth, was a mere illusion caused by our own position as
perceivers. Galileo demonstrated witg his distinction between the
primary and secondary qualities that the naive Aristotelian realism
was mistaken, and  that our experience is colored by our organs of
sensation. From then on science was searching for robust properties,
i.e., properties which remain invariant with respect to the modes of
observation. Mathematics turned out to be a superb tool in helping ug
to distinguish ketween the subjective, fleeting, and‘ colorful
experiences of everyday 1life and those observations which remain
invariant with respect to the activities éf the observer. It helped
us to transcend the realm.of quality and break through into the realm
of éhysical, tﬁat is quantitatively determined, reality.‘ Yet we are
still burdened with a further profound metaphysical conception which -
if the central tenet of this thesis is sound - distorts our conception
of reality. This is the view that the world is made up of objects,

.

and that it is the task of science to determine the properties of

"

133

N Tt W . L o

el =

P PR



-

these objects. This conception of ‘the universe results in a

fundamentally reductionistic outloock, because there can be 6n1y one

’

object at the same space-time location. Thus we a:g“lead to believe

a

in a one-level world and denounce all the complex hgnifestations of

matter as mere illusions which ought to be ultimately reducible to the

-

fundamental entities of nature. If the world, héwever, is a world of

processes, then the apparent stability of objects is the result of our

selective attention to one particular level of the structural

hierarchy.

Our perceptual and conceptual frameworks stabilize the conditiops’
of our experience in such a way that onl& one particular level of
reality manifests itselfb at a time, If we could 1live in and
experience different levels of reality, we would need different
conceptual and perceptual framgworks and we would'observe an ‘utterly
alien world; if protons could speak they cegzgfnly wquld report of a
very ;trange'universe with different hobjects" possessing obscure
properties. In this sense, then, objects bear also the mark of the

percelver, or, to put it in a different way: objectively speaking

objects do not exist.
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-"NOTES TO CHAPTER FQUR

¥ +

1° am indebted to Professor - Hooker who first
brought the population strategy' to my attention.
'y ' l
For an insightful discussion of the context
dependency of . enzymatic activity see
Grobstein(1973).
For discussion and examples of homeostatic
regulation see Hardy(1976).

For a more detailed discussion of the structural
hierarchies see Pattee(1972)3-5,

For application and- further elaboration of the
Principle of Le Chatelier see any textbook in
chemistry, for example Mortimer(1979),whose
definition 1 adopted. /}

quoted £ rom Bellone(1980)22. - -
quoted from Bellone(1980)184.
quoted -from Butterfield(1973)90.

1

quoted from Burtt(1932)151,my italics.

It may appear .strange to list Descartes' name
among those who favored atomism. Yet, Descantes

only denied the existence of a cuum. Cartesian
substance remains corpuscular, ahd thus ultimately
akin to atomism. )

)

Quoted from Santillana(1941)8.



CHAPTER V

THE DYNAMICS OF EVOLUTIONARY CHANGE
¥

E

5.1. AN OUTLINE OF WADDINGTON'S

EVOLUTIONARY THEORY

In th¥s thesis 1 have proposed -to view the constructive
characteristics of our perceptual and conceptual frameworks as
. necessary prerequisites for knowledge if we assume that we live in a

universe of processes. ‘In such a universe the observer has to learn

how to control the conditions of his own experience in order to arrive

1, - =

at genuf;e knowledge about invariant relationships holding at

-

different levels of reality. - The development of level upon level of
hierafchiqal control leads to an improvement of the observers'

'c#pacities to direct -his interactions with* the world. This

-,

, 4 ) . : s A
development has culminated in modern science whgre man has learned to
. ay

Ipenetrate even into areas of reality which wiidl forever remain
inaccessible ‘to , any natural (i.e. non-instrumental) mode of

. perception,
»‘ .
I have compared the resulting cognitive control hierarchy with

the system of hierarchical controls we find in living organisms.

They, too, hgve to face the challenge of having to create stability in

»
e

/
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an unstable world, ffis led me to suggest that we should view the
evolution of the cognitive control hierarchies as a continuation of
the . evolutionary process which is distinguished by an increase in
;omplex hierarchical orgénization. 1 want to devote the last chapter
of this thesis to an.investigation into the pattern of evolutionary
change common to both biological and scientific evolution. .

The duestion arises if we can find a model of evolutionary cKange
which applies to biological and cognitive evolution alike.. Once we

possess such a model we can transfer insights from biology to

epistemology. The kind of model needed for this purpose has to give

. -
. ~

an explanation why in the course of evolution we find a thrust towards”

.

more and more complex organizational structures. The same model must,

however, also explain why this trend towards organizational complexity -

L

is by no means universal to all species. What are the parameters

which determine if a population of ’organisms remains virtually

unchanged during vast periods of time or if it undergoes substantial

L)

changes in phenotypic structure ~and appearance? " The model should
further explain why the increase in organizational complexity

constitut%% ‘progress in evolution', i.e, 1€ should give an account

b
R

of the advantages a species gains by ,improving- its cybernetic

adjustments rather than‘remain?ng on a simpler level of organization.
It is clear that the standard neo—D;rwinian accouht of ,evblution

is not suitable for the D;sk at.hand, because it'does not d;al.with

phenotypic drganization at all, neither does it assign any meaning to

‘the idea of 'progress through evolution'. - '

*

‘Fortunately, however, there exists a different model which wee®®

kY

proposed by the distinguished embryologist and evolutionary theorist

I3

.

' 4
>

.
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C.H.Waddington. ., He refers to his theory as a '"post-neo-Parwinian

paradigm', and argues that neo-Darwinian theory ought to be amended by

imbedding it into'a wider framework of concepts among which the

concepg of the phenotype is to play a central role. I have expounded

Waddington's theory elsewhere (Hahlweg(1981)). This paper is included

as an appendix'rto this thesis. There the reader can also find a

discussion of*some of the shértcomings of "neo-Darwinian theory, in
v s )

particular it is shown that within the framework of neo-Darwinism the

concept of lohg!term evelutionary progress is meaningless. In this

chapter I will restrict myself to expounding Waddington's theory onmly

- in so far as it is relevant for the purpose of the present inquiry.

3

. Central to Waddington's conception of evolutionary change is the

4

concept of the phenotype. Phenotypes are - to use the terminology
employed in this thesis - dissipative structures. They exist far from

thermodynamic equilibrium and have' to maintain their precarious

existence through continuous extraction of energy from and dissipation

"

of entropy into their .environment. Phenotypes which possess a high

degree of hierarchical  organization are 'capable of adjusting to

changing environmental circumstances. This adabtability is due to the

fact that phenotype; are processes, or, rather, ére- made Qp of a
network of interacting processes which mutually stabilize the
organisms internal environment. A change in enwironmental c;nditions
can, to a certain degree, be accomodated by changiﬁg the:interaktions
between ; variety of processes, 1i.e, by changiﬁg ;the course of
development the organism follows. ;Phehotypes are always developing.

From conception to death the organism undergoes developmental change.
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. .
It is this capacity to change which makes it possible for organisms to

adjust to changing conditions. The existence of internal conditions

of stability as exemplified by the phenomena of homeostasis and

homeorhesis (homeorhesis=stabilization of a developmental pathway)

makes it possible for a species to survive under severe ervironmental

conditions.

Phenotypic P}asticiby is also of <crucial ‘impo;tance for the
evglutionary process; During the course of evolution, the environment
of a population of organisms undergoes change. Organisms wﬂich are
already endowed with ontogenetic varigbility can more easily adapt to
a changing enviroﬁment than those more highly specialized organisms

A e ’
which can only make a living within a restricted homogenéous niche.
Waddington emphasizes that natural selection opérates upon the

ontogenetic plasticity of a population. If a population of organisms
live in a h;mogeneous environment, phenotypit wvariability does not
convey any selective advantage to the membe;s of the population.
There will therefbré be no‘selective pressure favoring the improvement
of the <capacity to adapé. ;f, however, ghe population faces a
heterogeneous environmeét, ‘those mémbers of the popuT?fion whose
adaptability surpasses that of other members will have an edge in
evolution and will pass on more progenf. The éapacity to aéapt is, of
course, gen;cically determined and, thus, in effect we find that
organisms which adjusé their developmental pathways successfully
duriﬁg development are also more likely to leave more progeny with

similar capacities. Put another way, organisms experiencing a

changing environment will utilize their capacities to adapt and those

‘organisms which excel in adaptability will leave more progeny than
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other less adaptable phenotypes. A*homogeneous environment, on the

other hand, does not présent new challenges and %ﬁ;refore no selection

/ for greater adabtability will take place. This brings us to an )

understanding of why the thrust towards improved hierarchical

organization is by no means universal to all species., The .environment

' ’

of many species has rema{nedvvirtually unchanged during vast periods

I

<

of time. There was therefore 'no inceptive' for them to improve their
4 . .

adaptave capacities. Once, however, the previously stable environment
LY v

- "~ -

.,does change,-Jhany species will become extinct. Being not endowed“hth

sufficient adabtability, they cannot cope with a sudden environmental

change. Our century provides dramatic examples of the disastrous

effect a changing environment can have on many species. Due:to .man's

» - *

‘" interferentce into previously ecologically stable systems, many species
-

have become extinct within the last few "decades alone. Other more

Ta

adabtable species, however, do very well under the changed
environmental conditions. Rats or pigeons, for example, show

remarkable success as éipy dweller's, and have adapted their lifestyle

to the new circumstances.
. Waddington emphasizes that 'progress in evolution' means
T

'progress in adabtakility' and not ‘'progress im adaptation'. All

species, past and present, were, and respectively are, adapted to

their natural environment. It makes no sense to claim that a

contemporary species is better adapted to its habitat than, say, the
. .
dinosaurs fwere to theirs. Hence, there can be no long-term progress

n

in adaptation. We do, however, find progress 1in adaptability. The %
improvement in hierarchical organization, specifically the development

»
of sophisticated nervous systems and perceptual organs is evident in ”
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the palaeontological record which shows that the further back in time

we go, the more primitive the various life-forms become. * '
Let me, however, remind the reader of the'population strategy'

which I discussed briefly in 4.1. Here, too, we find an improvement

in adabtability, but the capacity to adapt to environm!%tal change 1is
« s

a pfoﬁerty of a population of organisms, not of individuals. The

individuals may, indeed, be highly specialized_and survive only within

“a, Very limited range of environmental fluctuations. But due to the
Q

-

fast reproductive rate and to the always existing! variety in the

L

" gene-pool, such a population can survive as a whole and adapt 'to new

[] '
circumstances. Bacteria are a good example of this strategy. I will

not further elaborate on the population strategy because it is of
. .~ s

v

little interest for the present context, which is devoted to the
- -

c

~ -

understanding of complex systems. .

~

So -far organisms have been treated as essentially passive

entities which are at mercy of the whim of an often capricious

v

<
environment.(1) This is, however, by no means a satisfying account and

.
-

does no justice to the intricacies of evolutionary change. Organisms

* -
do not mgrely suffer selectiv%tpressures exerted by the environment,
- [ 4

. ¢
but also penetrate new enviponments and in doing so change them. This
, .

holds particularly for, higher developed organisms. ‘Due to-* their
3. . . A

sophisticated percepEgal systems, they can explore new environments,

. .

-~ 0] 3 . _l." ' “ N -
. feed on different resourtes, disturb’ existing ecological ,balances,

destroy the niches .of some organisms and create new niches fgr'others.

C - M

Ecologist Richard Levins "describes this interdependence between

) . ) ¢
environment and organism in the following way: ” :

¢ 8
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Organisms (a) select their environment
actively, (b) modify their environment by their
own activity, (c) defipe their environment in
terms of relevant variables, - (d)  create new
environments for other organisms, (e) transform
the physical nature of ‘an environment input as
their effects percolate through the development
network, (f) determine by their movements and
, physiological activity the effective statistical ' -

pattern of environment, and (g) adapt to the

*.  environmental pattern that is partly of theiy own
creation. Further, each part of the organism is
“environment'" to the other parts,

The conclusion of - {(d),(f), and (g) that
organisms. adapt to and create statistical patterns
of environment .- finally JSuggests that the
utilization of resources by populations not only
uses up ecological opportunities but also creates
- ney ones:, The variability in resource level may
. itself behave as a resource. ‘

.s-s..The traditional separation. of the world
into organism and ‘environment as mutually
" "exclusive classes.......leaves ys with the task of

* then connecting them. A more dialectical approach

emphasizes the mutual interpenetration of organism
and environment (Levins(1979)766)."

a

o E ' o L 8

Living things change " the environment which they inhabit and

thereby inadvertantly effect the selective pressures they will suffer.

-
~ v

This feedback betWeen organisms and enviromment can be held.

“

responsible for the exponential growth curve we notice when observing

e

the increase in complexity evident in the palaeontological” record.

t

« There we find that the first traces of one-celled organisms appear

some 3.5 billiosf years ags. ARd it took‘life apothef three billion
°years for the ‘developméﬁt of primitive plants'and animals!(Z)'ﬁénce
then evolution procéed@d in an ever increasingAspeed: It wasionly 400
million years ago that pianFs conquered the land and vertebrageé the

<

,océans. The geological record shows that within only another 200
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million years amphibians and ‘mammals evolved. Man appeared some 1.8

L]
. ‘ .

million years ago, and as recently as 100.000 years ago Neanderthal

man thrived in what was to become Europe. It is ‘thought that the

. behavioral capacities of Neanderthal man were not markedly different

.
-

from our own.(3) Thus, evolution - the problem-solving process - had

created man - the problem-solver. o

N +

g
THis pattern of exponential growth is to, be understood on the

.

basis of a continuous interplay beétween organisms ‘and the environment
o -

they inhabit. It seems that each adaptive advances of ca population of

organisms generates a series of environméntal changes which influence

.

the %elective pressures exerted upon mamy species, In order to

] . S s .D .A
survive in this changing enviromment species have to find new ways of .

by < . !
<
adapting, and these adaptive advance’ invturn generate new changes.

’ .

This feedback situation has led net only to the change of old but also

-
.

-to the greation of new environments (i.e.” new ecological niches), and

<, v

is ultimately responsiblé for the richness and diversity of ecological *

systems. The earth as we know it is to a large gdegree a result of the

activities of living things exerted over the past three billion years.

r’y

The, recent appearance of homo sagieﬁs has resulted in further dramatic

., .

changes of the environment. More than any other species, man has left

his trace on tidie face of-this planet. This human impact, however, is

Fl

not due solely to biological but mainly to cultural evolution. Here,
too, we find an'exponential-groﬁth of the human capacities to adapt, to
a variegy of environments with its concomitant impacﬁnon the ecology

' . ) .
of the earth. Let me sketch the exponential growth -curve evident from

the archaeological and historical record:(4) °

Of the 100.000 years since the appearance of Neanderthal man

. -0

t
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90.000" were devoted to a nomadic lifestyle of hunting and gathering. .
Only 10.000 years ago syStematic agricuIturg .seems to have been

introduced -and only 6000 years ago the first great civilizations

v

appeared. Writing seems to have been introduced as recently as 5000
years ago' in Mesopotamia, and the development of science ﬁroceeded

very slowly during the following 4000 years. Only since the time of

]

the Renaissance has science advanced at an ever increasing pace &

leading to a situation in the 20th century where we hardly can Ccope
!

c . physically, emotionally, and philosophicallfh with .the ever mnew
discoveries and inventions which though bettering our lives on the one
hand, also deplete our physical and Cultural resources.

We are facing the paradoxical situation that the more successful

N

o:;§nism; . become . in stabilizing their internal environment '
. ) . ' .
.. (physiologically, perceptually, and Y‘onceptually), the more likely

they are to destabilize the extérnal ‘physical and/or cultural
.environment. Thereby new selective pressures are created, which
'demand even greater addbtability on the pa;; of the organism. Therg
exists always the danger that a species éventually cannot cope with
‘the environmental fluctuations it has pa;tiy helped to create, and .
‘will be forced £nto extinction. This, of course, is the foremost - :
~ danger which the most adabtable pf all species, i';x homo sapiens, is
facing. The dis;uptions which have been imposed by huﬁans onto the
ecology of this pI;het, have been dramatic, particularly during the ﬂ<:\¢) :
past £ ecades, and 1here exists the real dangg; that the survival
of mankind itself may eventually be threatened. We may not be able to
cope with ,the disruptions of Ehe physical and cultural environment for.

7

% which we are largely responsible ourselves.

&




e

The cognitive evolution culminafing in médern science is
superimposed  upon " the much slower biological evolution. Both
evolutionary processes, ﬁowever, ~show the same exponential gro;th
curve, both are characterized by the development of highly complex

hierarchical organization, and both lead not only to the adaptation to

a particular environment, but also increasingly to the transformation

-of it. - .Waddington's model of evolutionary change accounts

satisqutorily for the dynamics'of biological evelution. In the~1ighg
of the.striking similarities in the growth curves of biological and
cultural evolution, it ‘appears promising to apply his moael also £o
cognitive evolutisgh. This is particularly appropriate in'view of my
characterization of séience as an extension of perception.

I have argued that in both perception and science we have to

stabilize the conditions of *our own experience, and that fhis creation:

1
"of stability can be understood according to the same organizational

»>

principles which account for the stability of phenotypic organization.

-

Waddington also emphasizes ' the importance of phenotypié stability

.{both, homeostatic and homeorhetic) for the evolutionary process. He

argues that in the course of _evolition the cybernetic mechanisms
responsible for internal stability are constantly improved. This
leaqF to greater phénotypic adaptability and thereby to progress. in

~

1
evolution. Similarly, scientific .‘progress .results in ever greater,

,adébtability of the human species.

. I will now pgoceeddapd give a more detailed account of how ’Ehé
cybernetic feedback mechanisms which -~ distinguish Waddington's

evolutionary model find their equivalent in the -realm of sclentific

LY - ' 3

development.

.‘ o
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5.2. THE ROLE OF THE GENOTYPE

AND ITS EQUIVALENT IN SCIENTIFIC EVOLUTION

When moving from a discussion of biological to a discussion of
scientific evolution, it has to be made clear which characteristics of

both processes are identical, and which are contingent- on the

Y ’
particular system we are investigating. In this thesis I am.searching

for the organizational patterns underlying biological and scientific

evolution. Moving from one realm to the other means therefore to

detect those categories which are functionally equivalent 1in both.’

Waddington  expresses his theory in' terms of tﬁree fundamental
conceptions: the genotype, the phenotype, and tpe environment. The
various cybernetic correlations between these categories account for
the changes an evolutionary system may undergo. . 1 will therefore
begin my inquiry by séarching for the equivalents of these notions in
the reé}m of scientific change.

Let me begin by investigating the conception of the genotype. We

are obviously not interested in the particular physical stfucture

-which serves as a carrier of the genetic information (i.e.the, DNA).

L

Neither are we interested in. the way this information gets translated

into the physical appearance  of the phenotype (i!e.. the

DNA-RNA-protein succession). What is important, hohever, is to define

the fundamental funcgions‘the genes play in the evolutionary process,,

Thére we find that the genotype plays two roles’ without which

[N ' ‘
ewolution could not take place. The genotype serves as a generator of

variety, and it transmits information from one generation to the next. -

. .

The generation of ‘new variety occurs throug mytation and recombination |
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of DNA-molecules. The transmission of information is taking place by
means of the{various,mechanisms of inheritance. ' .

In the realm of science we also need to transmit knowledge, and
we likewise have to find ways of introducing novel concepﬁs. Human
language plays a fundamental role in both processes. Scientific
knowledge 1is linguisticalry formulated and 1is passed on to other
scientists by means of oral presentations, textbooks, journals, etc.
In the course of scientific evolution new concepts have to be
.introduced and old ones are continuously reinterpreted.

The similarities between the functions of the genotype and that
of human laﬁguage have also been emphasized by Stephen Toulmin
(Toulmin(1972)). He bases his model of scientific evolution on the
neo—Darwinian theory of evolution. Thi; theory, héwever, does not
deal with the appearance‘and development of phenotypic hierarchical

organization ~ and ‘ can give no meaﬁingful account of long-=term
o N -
evolutionary progress. (For a discussion of this point see section
6.3. of the appendix to this thesis).  Toulmin's refusal to take the
thrust towards hierarchical organization seriously is based wupon the
fact thét a species can develop either more progre;gively (i.e. in
direction of greéter complexity), can remain stable or can even
reé}ess' to a' less complex organizational pattern. Tohlmia sees the
same‘fea;ures in the development of science and feels thus that we can
dispense with the notion of long~term progress a}together.- tet, the
fact that species or culturéslcan Fither incre;se, decrease or remain
invari;nt in their‘brg;nizational complexities does not mean fhat &e

don't neéd an explanation of why cemplex organization occurss in the

first " place and why and in which sense we might want to attribute the

v
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nation of progréssvto the increase in structural complexity.

Indeea, Toplmin tr%es rather to deemphasize the features of
organizational and structural c;mplexities, claiﬁing that the
employment‘of these concepts leads ‘to “static and /pon—evolufionary
views about culture and the scientific.enterprise. However, it seems

to me, as I have repeatedly emphasiiéd in the course of this thesis

that the central question of biblogical and scientific evolution is:

How is it possible - that highly = structured entities
(organisms,societies,conceptual systems) can change over time without

loosing their functional capacities? 1Instead they manage to improve
] . N

these and subsume new or altered functional abilities under new
régulatory systems. The answer I have been proposing on the basis of
Waddington's theory is that by means of a control hierarchy a special
kind of stability c;n be created. It is distinguished not by }nternal
rigidity but by its cdpacity toladjust itself if this is demanded by

changing environmental circumstances.

It is the great merit.of Waddington's theory that it places the

development of phenotypic plasticity into the center of evélutionary
theorizing, and it is this feature which makes his theory important
for the wunderstanding not only of biologicai but also of epistemic
organization. In view of ‘thq fact that Toulmin's model lacks

precisely 'those cﬁ;}acteristiqs which are of central importance for

-

¢the present inquiry, I will not further discuss ie., 1 do, howeVer,

>

-

‘'side with him in his assessment of the functional equivalence of human

language and the language of the genes.
‘ B -
By whatever means new toncepts are/q;::;ddced'into sciénce, be it

through operational definition, reclassification, or reinterpretatibn,

3 “ -
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one mechanism for the gene;ation of new concepts seems to be of
particular importance.‘ As it has often been pointed out (5),
scientific language gréws through the,'émploymént of metaphors.
Concepts such as attraction, resistance, reﬁhlsion, force, and even

'
discourse into the realm of science. The capacity of language to-grow
by means of metaphorical extension makes language not only important

as a means of communication but also as a means of introducing-

novelty. Because, once divorced from their egveryday use, those

concepts gain new meanings and eventually separite completely from |,

their source in common language.. For example, the notion of a

scientific 1law has little in common with the conception of divine law
! '

from which it descended. &

- ~

Realizing how rich the potential of language is for the

:

generation of novel. expressions we need not search for linguistic
equivalents of ‘'mutations’. Mutations are a biophysical way of

introducing novelty, metaphorical extension is a linguistic means of

accomplishing the same feat. What is important is that by means of

the concept of a scientific ‘law were transferred from everyday'

¥
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either process novelty can be introduced into the genotype or into //“

language respectively. ‘ S
L

At this stage of the discussion the question may arise whether we

have to propose that concepts are introduced randomly just as

mutations are. It is in fact one of the main objections against

’ .

evolutionary accounts of science, that science 1is a teleofogical

endeavor, whereas biological gyélution4pfoceeds without intentionality

- -

playing a role. This dbjgction is bBased upor a misunderstanding of

, - e §
both the bioclogical processes and the sense. in which functional

.

.

]
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equivalence holds between the creation of novelty in biological and in

~

scientific evolution.™

Let me elaborate: When we say that mutations

occur r&ndomly, we do not thereby proclaim that there are no physical

laws governing the changes on the molecular level. On the contTary,

- v

holding at the molecular level. Mutations can be considered to occur

1

at random only with respect to the eventual benefits or damages they

may convey to the organism yifhin which they take place. Turning from

2

biglogy to science we find that scientists reason mostly rationally
. .and teleologically. The concepts which they introduce fulfill a

specific well-defined role in the conceptual framework within which

they operate. Yet, the introduction of those concepts can also be

. -
¢

seen as being random or undetermined with respéct to the actual

structure of the physical world. For it 1is this structure which

scientists attgmpt to wunravel. They hope that the new concepts may

.capture essential features of this unknown entity out there. But they
© , ot

L)

cannot knéw beforehand if ﬁhey will be. successful. - In this -sense,

»
]

of - a conceptual ® novelty is

. - then, the eventual success or failure

irrespective of “(i.e.random with, respect to) human intentioms but

’ dépenés‘on th; ng%yye of the world alone. ‘Thus, once 'again, we see
" that propérly interQZetgd, *the . analogy bet;een biofogical and
n . scientific evoiution is mdqh gtroﬂger nhén perceived by many
. ‘<; philosophe?ﬁ. . . ‘
-~ o .

. b

no scientist doubts that those changes are governed by physical laws -

-

»

-
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5.3, THE ROLE OF THE PHENOTYPE

AND ITS EQUEVALENT IN SCIENTIFIC EVOLUTION

v

i

After having discussed the role of the "genotype and its

lingtistic equivalent in science, I will now.take a closer look at the
‘ . ; .
T
notion of the phenotype. Already in the last chapter 1 compared the

organization of knowledge with phenotypic hierarchicgl organization,

¢
- -

This comparison is suggestive once we realize,that in a universe of

]
4

processes we have to learn how to stabilize.the(cond%tions of our own 2
A .

experience. Living organisms, being dissipative structures, have ‘to

create internal stability in order to survive under non-equilibrium
-

S . conditions. ¢

- LY

The necessity of creating stability in an inherently instable

world becomes also evident in perception. We learn as children'how to

a ‘ -

correlate our various -modes of perception in such a way as.to create a

stable  background against which genuine invariant relatfbnéhips
holding in £he external world can manifest( themselves. I discussed
some  of thése constructive characterigtics - of our perceptual
. ' . v S
frameworks in chapter two, relying mainly upon insights derived from
Gregory and P%ag?t. In the same chapter 1 argued that we should view
science as an e*}ension of perception. - In science, as well as in
pe;ception, stability, . is ﬁot s}mply ‘given', It has to be
A;constﬁucted. In perception’ this construction bgﬁpeng on a
subconscious level,  in sdience we consciouély construct the conditions
'
under which we cdn observe fegularities.. 1 emphasized that we- should

‘regard the goal of sclenc® to be that- of finding invariant

relationships holding in the world. 1In order to accomplish this task ' -

°
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q-
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: ‘ L . ‘ . . »
we have to, coordinate our vatrious theories and instruments until they

“i

all fit together and jointly lead to a constryction ~of a stable

B

background against which genuine changes become observable. What I am’

o

suggesting is that the whole spectrum of scientific activitie€s can be

understoced from this point of vgew: Even.the most menial task in the

»

laboratory gains significance if it is seen from the present

perspective. From the careful. cleansing of vessels with special
kil
4

reagents to the calibration of measurement instruments, from the

storage of chemicals’at a specific temperature to the computation of

ranges of acteptable errors, every single scientific activity can be
. . .

~understood as contributing to the one desired goal: the creation of

s

stable experimental conditions which allow us to observe new genujine

a

invariant -relationships holding in the external worlgd. Each of these

tasks involves the employment of a host of theories which have to be

=1

brought together and coordinated in order to achieve success. Thus,

-
tf by means of those activities we control experience, by means of the
- -

cluster of theories we control our activities. Hence, so I argued in

chapter fourk the ’creation of}éexperimental stability 1is to be
understood as 1involving a hierarchy of controls in the same sense as

é' L]
‘the ‘'control hierarchies involved in homeostasis and homeorhesis

stabilize the internal environment of living things.

I further argued that we need at least two more levels of

i

hierarchical control in order to account for the complexities involved

in scientific inquiry. Those further constraints are imposed on _our

¢ scientific reasoning through the availability or non-availabiligg of a

-

powerful mathematics and the deep-rooted metaphysical beliefs we

.
4 .

subscribe to.



Mathematics controls the construction of ‘theories in the sense

that it ~restricts meaningful. scientific discourse to quantifiable

\

prqperties.‘ (Modern developments in topology may 'lead to a loosening
off this requirement; this, however, would merely confirm my claim
that the development of new mathematical systems can enlarge our

access to the external world.)

On the highesftlevel of the control hierarchy reside our often

\ ¢

unconsciously held metaphysical beliefs. Yet, the fact that many

scientists are unaware of their ontoldgical commitments makes the

latter no less powerful. On the contrary ‘''the most

effective....control is that which is not noticed; which is not overt

Ed
v

.
or formal; which is, as it were 'Closer to us than breathing, nearer

than hands or feet'" (Feyerabend(1965)259). .

.

A metaphysics specifies which kind of entities are fundamental

>

for a science. Any macroscopic change will then be explained in terms

-

of changing relations between those entities. These may be elementary
.particles in ndclear physics, genes 1in evolutionary biology,
individual human beings in soeiological theory.- Once a scientist has
committed hgmself to see those entities as basi;, he will view all

- o i
other phenomena as derivative. He will employ a mathematics suitable

-

)

fqr dealing with’ the entities in question, and he will deny the

autonomy of phenomena which cannot be described 1in gérms of the

. .

accepted metaphysics. The ongoing discussion in evolutionary theory
. ) o

about the existence or non-existence of group selectios exemplifies

B}

such an ontological dispute among scientists.(6)

Ny

s . . -
By subscribing to a particular metaphysics ' (consciously .or

unconsciously}-'the "scientist delimits ihe range of problems which he

. . . +
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~ will consider to be worthy of scientific invespigation. Thus, the old

proble of ‘'becoming' appears to be a pseudo-problem within an

aQ
atomistic-reductionistic ontology. This issue 1 discussed in some

. e
detail 1in chapter, three. There, however, I also indicated that a new
scientific outlook is in the making which tends to see the world as a

world of. processes and which places 'becwging' before 'being'. o

» . .
Metaphysical issues, instead of having.been buried forever by the

positivists, are emerging in many areas of science, and it is becoming - s
increasingly clear that they play 2°major role 1in the d%termination )

L

what is considered to be the subjectmatter of a particular science.

# Thus, we may say that a metaphysics steers our thoughts and

actions into certain directions, and thereby constitutes the_ most

o+

remote but also perhaps the most powerful level of control. gj -

o R Y
.

I have described scientific knowledge as a system of hierarchical -
! %
* v

. controls by means of which. we create stability in a world of

processes. This compares with phenotypiﬁ organization where also

homeostatic and homeorhetic stability is created in order to ensure .

N

the survival of organisms in an inherently instable world.

- ) . i ‘

Progress im evolution means, i Waddington's ' theory progress in

[}

adaptability.: This - is acéompliéhéd through the development of new and

refinement of old hierarchical controls. Likewise 1 view progress in

. A

science as dériving from our increased capacity to control our

’

interactions with the world. Thereby we manage to gain access to

i

areas of reality which were previously beyond our instrumental and/or

v
1] -

theoretical and/or conceptual capacities.
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. Before,

evolutionary change, it.is, however, uppropriate to make a dc;:::;ion

and discuss

within-the present approach. -

5.4. SOME REMARKS ABOUT SCIENTIFIC THEORIES ..

P

¢ . © Y »
x
»

turning tQ the discussion of the. dynamics of _this

te -

. L
in somewhat more defail the role scientific theories play
5 o’ » i .
]

L

The issues relating to the nature apd status of scientific

4

. .
theories can be seen as constituting the pivot aroumd whi¢h philosophy

’

of sciénce turns. 'Are theories true? Are they probable? Are they
' ! .

oy
'mere instruments for gaining knowledge? Can they be verified? Can

P

% they be falsified? ° These are .central questions for philosophy of

a
, a

-

to all of them, it appears-nevertheless to be necessary to clarify the

<
specific role of scientific theories within éhg present framework, in

science and, although I will certainly not attempt to provide answers

~

\

particular the question of what theories tell us about the nature of

thehworlg:

-

In. the traditional ‘realist position (I do not discuss

instrumenta
’ .

lism, because it purbérts that theories tell us nothing

M

about the attual structure of the world) it is held that the térms

.~

% s .

- <

- -« EAN
employed within a, theotg&;refar to actual entities existing in the

~

world, and that, if the theory ig true, it will represeﬁt' the actual

a

all scientific theories jointly together would fuff; descibe the

a

relationships between those entities.q If we had a complete science,

Rl ‘

nature ' of the'’universe. Put in a different way: scientific theories

. area:seern a#® constituting a '"mirror of nature'. to use a term coinif

-

a4

4

by Rorty (Rorty(1979)). Thq‘reality reflected by the mi:;or'hould be

. Y .
a reality frée from the distortions of our organs of sensations. It
. . ‘e
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o

L

_wouq, indeed, constitute a complete image of 'objective' reality. It

-

"~ " e
is interesting to note that the metaphor of the 'mirror of nature'

-

‘does +fmply that objective - knowledge of this kind is impossible,

because we cannot look into a mirror without seeing ourselves! Such a
mirror, if it existed, would be useless, for we would not be allowed
~“ N ' L
to glance into it. But %srhaps this means stretching the metaphor .too
- . . - ‘. .
far, and I will rather proceed and present a new metaphor suitable for
- - . - -
the universe of processes I have. been describing.
I \ -
}Ipqthis universe we find- many levels of reality, furthermore
o o ) . F]
\ . ' ' . .
\ there are "always new levels added to™~ it, ‘due to the capacity of
. , S -
.dissipative structures to form new stabilities. Ref!tive stabilities,
¢ . . o - ) ‘
.- however, . is all we ,can find in this world. Everything is constantly
changing, though at differemt rates. Therefore, depending which level

of realiey the observer tunes into, he will see different stabilities

and observe the invariant qglavionshipéfholﬁing between them. All the

Tobserver can come to know are gthose invariant relatienships. 1In order
» - z . . ..

v . : R .
tg.gain this knowledge it becomes necessary_ for him tp tease the

’)R{vqrious levels of reality apart and observe one level-at a time, i.e.
' ?

to restrict his.accesg to reality. This restriction is either

he “has
built .into . our’ organs of sensation (we, see only within a small range

of the éléctromggnetic spectrum!) “or has to be «<onstructed in the

P

.labdratory.- There theiscientist performs a great number of activities .

which are meant' to ensure that he oﬁly ﬁealE.with one feveiﬁof reality
.‘ ) : : \’ 5 -

at any ;glven time. ~ Thus he purifies his reagents, calibrates his

M ‘ . ’ N \‘ ' ’ ( " Al . ) ’ ]

measurement apparatus, stains tissues,etc. In ovder to perfqrm. these

’ -~ :
activities a bhost of scientific theories has to be marshalled. They

+

o

‘

‘

[
u

-

)

direct the ‘scientist’'s activities and should therefore ' be seen '

Y
°
o~
‘o . . s

- -
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primarily as gpides;to action.

L) i
The analogwe which comes to my mind when thinking about .theories
as guides to action is, the metaphor of a geographical map: Scientific

theories guide our explorations in the laboratory in the same way as

geographical maps guide our explorations into new and foreign

territories. It should be cleaa.thatbgeographical maps are not, and
are not meant to be "mirrors of reality". Indeed as such they would

be useless. Geographical maps only depict those invariant features of

<

the external world which are of direct concern to the user. There
. < s g L
are, indeed, very many different kinds of maps: . .

We are all familiar with road maps.® They show the main roggd

¢

" connections between towns and cities. They .inform us about the
.- . . ’
distances between those locations and the kind of highway which

-
’

) ’ . .l'.. . . ‘.
connects +them. . They may also give information absut approximate

>

driving times, road conditions, etc.

A related kind of map is geared specificaliy to the tourist.
. R .
Those maps indicate the mdst scenic drivés, places of interest and.

° o
* -

perhaps even specialty restaurants.

e

Itw depicts

A very different kind of map is a geological mép

infarmation about <the geological eras during which the rocks or

S

sediments of a given geographical location- haye been formed or

"deposited. Such a map will als6 indicate oéper impdrtant geological
. . ) . \
o o . . . »
features such as the :ang% of former glaciation, fissures  and faults

in the earth crust. or landslides.
s \

The;e are many more ﬁybes of ﬁa§s°and'1 need not delve further

L

-

into the matter. -WRat is important for thé present pu%ﬁosé is to

’

' point’ out the similaritiées between maps :

and scientific , theories: 4

-
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scientist who employs a cluster of scientific theories in.designing

1

his activities in the laboratory, concentrates upoaf7a very small
aspect of reality. The wvarious theories help t0f£;ing this aspect e

into focus., In the same vein a map only gives us information about a
. N )
very limited aspect of reality. The art of mapmaking is to select the

relevant information for a specific purpose. The art of the scientist

is to select among the large array of sciéntific theories those which

can guide him in his or her daily activities. - .

-~ N

The desigﬁ,of a ‘map is based upon an ontology which is indicated
s ' , ’ - *
somewhere at the bottom or top of the map. There we find a symbolic

]
i

representation of all the possible kinds of information the map can

<

provide.  For example;- we find color codes for the various kinds of ..
gealogical fprmatibng in a geSlogical _map, symbols for castles -or

museums 1in a tourist map, symbols for }our-lane highways or gravel ’
rodﬂ§ on a roadlmap. ‘Information which is not depicted by means of

theée symbols cannot be found on a map.‘p?hus, by looking at a map's
oqtology we can find if it éan'guide us 1in our respective spurpose. .

Unfortunately scientifié theories contain their ontolegy only

4
~

3

\iﬁplicitly. If scientists were“as e%plicit about their ontology as .,

mapmakers are about theirs, much confusion could be_avoided. .

° N
v

Théere exist very many diigerent maps for , the same geographical

loéation. Similafly,\ we can find very many leVelé of reality

described by®a host of ‘different theories. All of those maps and all

» -,

of those theories can 'rightfully.~claiﬁ to capture some of that
e — o 1
- "m
zastness which Qﬂnstigutes physical reality. .. C

All the information contained in ahy particular map could -

1 "

-in principle be extracted from the map and expounded in propositional .

1

» B
- _ " - . . -
" o ' '
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form. Similarly, all the deductive consequences of fé particular

f 4

theory or set of theéries can in principle be stated in propositional
form. Trdditional philospphy of science assumes that theories ought
to bé evaluated on the basis of the truth-or falsity content of these
pfoposition;. The present app;oach empgasizes that this is not only
utterly impracticable (for reasons such as the Duhem~Quine problem)
but is not even désiréble, because a 91uster of‘theories is more than .

¢

a set of true and/or false propositions. It is most importantly a
- . ‘ =
guide to action. We cannot evaluate a map by looking at its truth

content alone. Too much detail may make the map useless. Occasional .

misinformation on the other hand may not do much harm if balanced by a

good and clear design.

»
\ -

\ .. . .
Indeed, the history of science demonstrates that it is not always
*

trie theories which provide good guidance to the scientist.
Aristarchus' true theory (i.e. that the earth moves around the sun)

’ ~-proved to be barren for over eighteen centuries until it was

reintr?duced in an enti;eiy different ‘Cﬁifext by Copernicus(_ See .

(Kuhn(1970)75). On the other hand, ‘the false caloric theory of gases

proved td be extremely fruitful and guided scientists‘for>many decades

- during the 18th and 19th century.(7) - . -

'

. o I do, however, not mean to imply that it does not matter whether
X é .
5 . the theories we wuse 'in our day to day activities as scientists are

»

ES

P
true or false. Surely in’ the long run true theories are more likely

to >provide good gugdénce than false ones. Similarly, maps which
/ ,

- ¢ contain errors will often miglead the user. What I 4m arguing is that
) [
theories - are primarily guides .to action, and that there 1is no
‘necessary connection between- thé-ytruth of a theory and its . '
' Sy
*
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fruicfulness. Furthermore, it is fiﬁpQ;sible for a scientist at a

L} -
. - .
certain stage of his research to judge whether.or not all the theories
+ R ‘..‘ N L4
he employs are correct. It is, however, possible, indeed, necessary
~ . ] - B ‘
in order that scientific research can procged at all, to judge

~
.
-

theories on their basis of fruitfulness. = ’

[y

It seems to me that philosophers of science by ecpncentrating

almost exclusively on the propositional content of individual theories

.
.

have missed the most essential characteristic 'of the scientific
. .

enterprise, namely that science is primarily an activity geared F 4

towards the accomplishments of' certain 'well-defined tasks. A
scientist may utilize a th;ory eien if he or she is convinced that‘/
this theor& is false. but if there is no better theory available, he
will use it anyway for heuristic purposes. It is bettgr to‘have a bad ¥
l map'thaﬁ no map at all! ' '
JIn recent years a shift in perspective has been occurring 'among

some philosophers, of science. In particular Larry Laudan's much

discussed Progress and its Problems emphasizes that science is to be

: « seen primarily as a problem-solving activity. Still, Laudan's book
relates only tangentially to the present approach., His weork 1is

devoted” to methodology, an 1issue which .I have brackéeted in this

o

dissertation. Laudan still equates epistemology with 'methodology, a
conflation against which I argued in chapter one. He therefore does

not discuss at all the ontological issues which are central to my

*

. -approach.

i

In spite of my insistence that scientific theories are primarily
guides to action, it should be <clear that I am not-proposing an

Y

¢
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instrumentalist view of science. Maps, too, are gujdes to action, and
they can fulfill this function only because they do depict genuine
invariant relationships holding in‘t}e world. It is, however, "as
impossible to evaluate theories on the basis of their trugh content,

as it is impossible to evaluate maps on theirs. We select maps on the

basis of their capacity to guide us to our destination, Likewise we

. thoose to employ theories which can serve as guides to action. In 4

doing so we indirectly select for truth. There.seems to be no way to

3

verify or falsify individual theories. We always are dealing with a
cluster of theories. If .there are serious shortcomings hidden
somewhere in that nexus "of theoriés, sooner or later they will .

manifest themselves just as misinformation containgd in an otherwise
. - R ) ﬂ:
useful map eventually will show up. But this will omly happen if we

travel a new, previously untried road. tikewise a scientific theory
may prove to be successful for a very long time until -eventually a .

“daring scientist endeavors to try a new: path. This happened to
\ ) ! ) r\
Newtonian mechanics anq:?instéin was the scientist who decided to take

’

- '

. a new and dhring sidegxoad. It turned out that he had to map out this

new.territory for himself, for the well-trfed theory_ could not‘_serve
‘ . !
:r anymore as a useful guide to'action in thase new lands,

N .
. . . &
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5.7. THE ROLE OF THE ENVIRONMENT
AND ITS EQUIVALENT IN SCIENTIFIC EVOLUTION

€

Let me now return to the main topic of the present chapter,

]

namely the discussion of Waddingtomn's cybernetic model:of'évolutionaryr

change and its application to the elucidation of -scientific progress.
Let me recapitulate the main results of the previous discussion which

has centered around the notions of the genotype and the phenotype.

r

I argued that human language should be séen as being equivalent

a,

-to the notion of the genotype. All beliefs, rational as well as

irrational are contdined, in the pool of propositions shared by a
~

-

community of - scienti$t§. - The inaiviaual scientist has onlz}a-very
limited access to .this pool, in the same vein the individual orgéniSm
possesses ‘only some of the genotypic information which belonés to the
gene~pool of the population. It is the function of the genes to store
information and transmit it to the next generation. Similarly it is
the function of language ~ to communicate inférmation ' frém one

individual to the next. Furthermore, the genotype serves as a

~

generator of novelty.. In the biological case this generation takes,

A 1 - ' \
place through mutation and reassortment. In language we find also

various means of introducing conceptual novelty, the most important of
which seems to be metaphorical extension.

- "
Phenotypes are individuals which undergo development durilg every

moment of their existence. 'Similarly, scientific practice is always

#
-

. - o
changing. We control our activities in' the laboratory by means of . a
. . ‘ ‘

cdgnitivg control hieqfrchy. The goal df,this_activit9 is to create

‘constancy in a world of flux. ° Phenotypes . are also hierarchically

g

e g5 ’ - 3

)
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4
3
3

+

- organized. This . organization éreaces stability which makes it
possible for the organism to survive in a world of flux. Byﬁimproving
‘their cybernetic regulatory mechanisms, organisms gain iggreased

adaptabiljty, i.e. instead of being mere*y adapted to one. particular

-

3

environment, they . can survive in an heterdgeneous environment. By

improving their old énd‘ developing new hierarchical- levels ' of

" r

‘cognitive control, scientists learn to extend their perception into

. . ' o . s .
areas previously inaccessible to scientific investigation. For
B Lo . . . o g . . 3 - L
example, the understanding of radioactive ‘decay created.agﬂﬁgt of -
. . ‘ R s o~

. . ’ o g
applications in many sciences, indeed it even led to the {prmation .of

“ " -
4

ne@ specialties. Be it #a archeology, geology, or chehi{try, the #

L]

utilization’of this knowledge has led to new .grofbuhd ipsights and

opened &« up realms pf‘_reality previously inacq‘sssible to the human
‘ ‘ - .
investigator. A . . A N

How are we to understand the selection processes which lead to an

r

improvement of the 'tuning' of the cognitive control hierarchy? Who .
does the selecting? These are the issues which now hgve to be dealt

with. In order
py

equivalent conception in science of the third fundamental categary
: ¢

. to do this it . is 3ecessary to search for the

[

, . , N ]
employed in Waddington's theory, namely the notion of the environment.

’

It will prove useful for the following discussion to distinguish

between three different kinds of environments which can impinge upon gﬁ

. - -

population of phenotypes. First, there is the 4nternal env{;onﬁent of

an organism in the sense that every cell, tissue, or organ-constitutes

the epvironment to every other cell, tissue, or organ. Internal’

selection may lead to the elimination of an organism without it ever

. 3



A
- »

expérienting the selective pressures of the external environment.
Thds, a change occurring in the genome may never Have the chance to be

tested in the external world if this change proves not to be viable

: . B
because of an incompatibility internal to the organism. 8

Bl

Second, there are the forces of the external environment which

exert selective pressures upon organisms. Availability of food and

)
* f

water, range ‘of temperatures, predator distribution, ﬁay serve as
- 4 .

examples Pf those forces. LY
- 2
Third, we find the environment upon which the org;nisms act and
A )

which they tran&fon# through their activities. These changes may

. Y ’ .
percolate through the ecological system and eventually impound upon
the very population of organisms which was the original Source of this
dismba_nc'e . .

4

- B

In the realm of science we can also distinguish between three

different kinds of environmehts,,each of which has a selective impact

’

upon scientific practice. The three kinds of welective forces are

r

exerted by a) the scientist, b) the, ECientific community, and c) the
: P

a
i

wider social and cultural context. What remains to be shown is which

_ . '
kind of pressures the different environments exert, -and how. the

- : : v,
interaction among those forces leads to the dynamics of scientific

A

evolutionary change.

k]
2 »

Let me begin by discussing the kind of selections made by- the

individual scientist and show how they contribute to the .increasing

" adaptability of the human species. It is, of course, not the

. \
scientist’s intention to select for greater,adaptability; this is

rather a concomitant result of the scientist's endeavors which arq

- [

& ‘e

] .
g




e

>,

a1 '

»

o P

+ directed at far more pracfical goalsa Neither does he, strictly
4 T R

speaking, search for truth, although, needless to say, ‘'he hopes to )

find true theories. But as there is no method available to direct him
to this elusive  goal, he 'has to concentrate on more manageable tasks

‘and hope that by means of down to earth practices he will eventually

.

also contribute to the development of theories which with increasing

2

L]
precision describe genuine invariant relationships holding in the
-

uhiverse, The scientist's  work (at least the experimental

.

- A

+
scientists), 1is in fact as practical as that of any craftsman or

v
+

r

éngineer. ,
The %na jor proiﬁlem the scientist-is facing at the beginning of an

investigation is to find means by which to translate an elusive and

a

ill-defined problem into a definite, well’ circumscribed task which can
be pursued in the laboratory. For it is usually not the case that the
data which he has at his disposal at the beginning of his research

provide the kind of information suitable for universal
4 .
generalizations. They have to be.processed .and refined before” they,

may vyield useful information and point to new avenues of researth.
Most 1mportant1y, the scientist does never know for sure if he is

‘dealing with one specific phenomenon or-a set of interrelated changes
N : . & )
whl?h produce the appearance of regularity but in reality have to be

teased apart and investigated separately, ®

! -

To gain control over our experience, to distinguish genuine from
spurious phenomena, ‘to tease various levels of reality apart, this is,:
v - -y X
as 1" have Jepeatedly emphasized in this thesis, the central task of

i

the sciéntist. If he is successful, he will at the end of a research

.. Pproject come up eithe%'with a comphehensive theory accounting for the

165
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phenomena he has stuaied or - much more likely - he will have to
content himselfrwith presenting a new and better defined set of data

which can serve as a starting point for future investigations. He

f

selects his theories and instruments with this goal in mind, and if he

is successful this reflects wupon the adequacy of the various

L [y
¢

experimental procedures and theoretical conjectures which he employed

during his often long and laborious research.

I will now démonstrate by means of'an example how this down- to
earth practical work also eventually leads to scientific progress
which appropriately can be called 'progress in adaptability':

. Suppose a scientist has the task of investigating the crystalline
. )

structure of a certain chemical substance. Let us further assume that

it is known that this substance crystallizes in two different

’

lattices. What the sciéntist wants to find out is under which

4

conditions each of these lattices is being formed and by means of

.

which péocedures the crystallisation can be instigated.

The chemist attempts to synthesize the sgbstance under
consideration and employs a variety of procedures suitable for this
purpose. Most of the time the result of‘ the synthesis will be
amorphous or polycrystalline material, q;casionalli, however, he will
also get ‘the desired single-crystakline substance. He may even

“"discover that under cértain circumstances the substance crystallizes
in a dtfferent} heretofore unknown modification.
Afier having explored the methods by means of which the substance

-

can be synthesized in crystalline form, the scientist will submit his

-

\

results. for publication. He will carefpily describe the experimental
setup, .the measurement apparatus, and elaborate on the various

t . ’
.
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lattice A or B.

N [

procedures'useé for gaining and purifying the crystals. .He will

i

indicate the range within which they are thermodynamically stable and
4 - -

which precautions had to be taken to prevent their dissolution. At

»

the end “of the ﬁublication he will also make a few remarks of a more

theoretical nature. He will point out that lattice A formed under

a

conditibns C1 after synthesizing the substance by means of chemical

reaction R1. He will also emphasizé that the substance could not be

induced to crystallize in lattice B afteg having employed the same
!

chemical synthesis. A different procedure had to be adopted, and the

-
e il

scientist will attempt to correlate the different chemical reactions

with the occurrence of different lattices. He may point out that both

types of reactions are known to involvé different reaction pathways.
b

Reaction R!1 is distinguished -from reactioﬁ R2 by .a different
transition state.- Thus the chemist puts forward the hypothesis that

the transition states determine whether the substance crystallizes in

~

v

This conjecture may arise the interest of other scientists
working on -similar problems. They may have been working with

different substances but have also been wonggriﬁg what determines the

-

formation of a particplaf crystal structure.&hey will now utilize the
alleged hypothesis as a guide to action, and begin systematically to
synthesize a series of similar substances by, ﬁeans of the same
reaction pathwaf?. (The similarity will be,j;dged fccording to the

electronic configuration of the molecules under consideration.) .

Let us assume that eventually a pattern emerges which gives

-

§upp6ft to the chemist's conjecture. There will be exceptions; of

course, but this is to be expected. After ail, the scientists still"

-
-
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»
v

don't know for certain what the genuine invariants are. The findings

¥
.

will. again be bublished in a journal, and the procedures which led to

.the published data will'be descrilted in great detail. . o o

I

- - 4

" Now the ground is prepared for the presentation of a new, more

- -

. : L
‘detailed and more informative conjecture: A scientist may link the
[ N .

different transition states to symmetry conservation of the molecular

orbitals §i.e. he may link the phenomena to rgles such as proposed by

v

Wopdward and Hoffman).- the - alleged hypothesis will state that

-

y-

Ps

. transition state A leads to a mgore ‘densely packed lattice than *

transition state B, and he will suagest that this is dué to the

s

. ¢ .
symgetry of the molecular orbitals,  i.e. to quantum mechanical

.

‘relationships. This conjecture is far more powerful because it

L \
correlateé\ not jndividual substances or compounds but is expressed on

. 9

the general level "of quantum chemistry. The scientists may 6 now .
attempt to6 :synthesize other ‘compounds .known to possess identical !

3 .oy

. \
quntum mechanical transition states, and investigate 1f the conjEE:\re

. v

r holds true even among compounds of a very differqnt’Cheﬁfcal nature.
- ) "

’ H ] s T ° “ s

Due to the existemce of clear 'and unambiguous decision procedures .t "

can be established if crystals of the predicted st{ucturefhace been

v .
~

synthesizéd. Needless' to say, this does not_establish the “truth . of.

5 £

P

]
”

the theory but certainly -shows its fruitfulness. A theoretical .
| »

r 3 . . ~ -

) - . |
4~ -framework has been found which, correlates a great number of substanted . ,
- . .7 . . [

- v +

and their crystal lattices. ’ .8 ~ T

.
(Y X,

The example demonstr‘ateé nicely. how‘“heor} .and practice are

. - 4 5
intimately interwoven 1in °the actual regegrcp/ situation. We need .

ot

. reliable data in orher to make "intelligent thz&rgéical guesses. Yhese ’
in turn will suggest hew experiments as a result of which we will gain :¢

.,
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- re

new, better specified data.”” This cycle WilT' conhtinue until we are
» . ‘ o
satisfied that we have reached a level:.of theoretical sophistication
t Id

.

and practical.gontrol pgggrfuiAenougﬁ to capture genuinely invariant

s

relations holding in the external world. N .

This 1interplay between theéry and practice has often been

»
: o L™ A
observed, yet philbagphers have insisted that practice 1s subservient

[

to theéfy and that improved practice is only. a byproduct ; of

. . L
theoretical investigatﬁgn. .1 prefer to turn this eggluation around

and view improved gked?ies as ‘a byproduct of our increased capacity to

-
-

control. the conditions of our experience. Prima facie, th;p appears

to be a spugious quibble. 1If theory and practice are but two sides of

-

_the %%?e coin, why. should it matter.,which side is given priority? But
it does matter! Two sides of the same coin may designate the same

value but one side may display obscure, ambiguous characters. The ’
v ~

other side may, however, show engravings clearly etched and %i?ily
K i u - - 9
readable. Certainly we would prefer the latter side if it were our
< N ) ' ’ e . LT
task to ascertain the va1§9 of the coih. The coin stands Tor

e

scientific progress, the obscure side for scientifit theories, and the
3 ’ - ~ - . -~

‘. clearly readable side for scientific practice.
Fhere'are simp1§ no definite unambiguous criteria by meens’ of

\ - © . .

which we can assess the value of an alleged scientificlgheory._ We do,

“holyever, zposgqps definite criteria wHXch allow us to evaluate

scientific" iﬁracticek The young scientfst learns during his

. - . - J
apprénticeship how-to apply-these criteria, -and he knows that his

¢ .-
future research will be evaluated®according to these standards. If he

- & 1

publishes a paper he invites criticism aqdréareful asséss@enq by his

© !

. , o
colleguest  Characteristically fhey will first c?iflzise his practice
- \ ) . ._-', - :.’* d ) .

. + A
- f/ ;

°
4 N o

: r. »

-
»
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before';urning to the discussion of the merits_of hisﬁ ﬁheopetical
. . -
They will ask questions such as:
oL : l
e, ) i e ‘
he published have reliably been derived by meaps <of the ‘measurement
N - : . 4, :__._.._,_'._\ . ' LS

-] -~ f
instruments‘be described or do they lie odfside the limits of accuracy

* conjectures. Coyld the data which

s

characterlstlc qf these 1nstruments° Were :the procedures )Bthe

Esc1en§ist emponed acceptable or did they rest .pn dubious aSSUmptlonS7

-

Was he justlfled in utllizlng the ‘last decimal place in computing " his

3

.pvo ,/
findings or. does he ‘ pretend to a degrke of accu\hcy not attainable
}
. , !
with the experimental setug he employed’ Does the oorrelation of his

pe- 3
by means of a. mathematical formula deplct K| genuine invariant ;

. . s -~ 5

' results
- .
‘ relationship or does this corr!lation merely indicate w1shfu1 thinking

on part of the scientist7

kS

6

These and similar questions may_be asked by

othet members of the d!lentyfic commuhity, ‘and they maprestow

severe

«

. pdnalties upon him7

.<

Af he .ds

judged
L

+ +“profedsional ‘stdndards aéceptéd by, the coﬁmunity

to have

3

sinned against the

»

at large.  If his‘

r

how;ver, is Judged to have been well performed and the a%lqged

- o

. work,

data appear to be reliable1 then the scientifig'community may turn to

iV

S
three kinds

o ,
the dlscusslon of his theqretical‘ponjecturesm
' ' R S . ° N

® . - ' ' - e ‘e )

-

- - Sofar, 1 have been discussing two, of . the

’

of

-

e, ! ‘_

, B “ Pl .

“gnvirppménts" Gwhic&tuéJ!lt seleqtive pfcs%ures on- the' cognitive
v® ! . h ’ : . i ",""

control bterdrcﬁ§'5y means of ‘whijgh e dimédt our researth attivities.

LN A ¢

. 9.
_First, f discussed ;heN}qg}esthns perforhed by the 5cient£§t vho
i » L‘
chpdses thgoriesl 1nstrﬁments, and procedures to guide him in ﬁis
"‘yc ‘ DD
activicieﬁ. &psgnd "1 dis¢ussed-the selection which is exerted by che‘

- .
. ll
. | P

lcléntific cdmnunlty and which centern around the evaluq;ioﬁ of

+ .

4?
;cienfific prqc:dceg 1sargued thlt»ltieﬂtiff% thﬂorieo are leleCted

»

4 .

4
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only subsequently-%nd‘then as guides ta action‘for future research.
- In order to underStand the dynamics .of evolutionary chénge
T - R . ,‘
suggested .by Waddington's theory, it is nownecessary to tufn"to the

discussion of the environment upon which .the scientist acts 'and which

@, is transformed-throuéh these activities.

&

Modern technology is based upon seience, and E;chnology -
needléss to say - changes the world. By means of tecﬁnology we create

new goods, build-better houses, battle diseases,and _fly"into outer

space. But we also create new problems, such as air, water, and noise
. N :

"pollution. These problems no&_pdcupy a multitude of researchers -+in

’

- alﬁl areas of the physical ‘sécial sciences. Thus science should be

L] \ -

9 R - ’ . - ‘
‘ ;/ QyieWe_d not' only as a°’probl solving but also as -a problem creating

r

activity. “The exponential gfowth -we have been observing in the
. < ' -

!

- development of science is a direct outcome  of this, feedback

interaction. We are faciflg the paradoxi;al sttuation that the more

~

, problems we solve, the more we also create.

]
.

¢ f ’ “o

-

" . 5.8. CONCLUSION e
. ‘ 3 o o R i . - ' ™

- .t : -~ . . N

I*ﬁévqireached the end of the discussion of Wéd&inngn's model of
o . o « .
[ . . L , B} ' - . -

. evolutiondry <change ahd have ‘shown how it can elucidate scientific
$ L . ; . 7 ' : ' B

1

v pébgress},al have‘ﬂiscusgeﬂ ﬁhg'fungtional-eqé’%alents,ln' §cigpce of
the biological ‘hqtfdns of genbtypé,"pheiotypé,'aﬁd'envi;bnment;w 1

L4 .
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Y  also have demonstrated that the. same feedback connection holds in both -
¥ - o - o

" evplutionary models. Let me rccaéltqlaﬁe in-a few sentences:

s
o e

.
’ f - .
. "
. -
e - . "

[
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The 1anguage of the genes f@pdé its equivalent in human language.

Ed

It serves to transmit information and is also the generator of

-

conceptual novelty. ’

Phénotypés are hierarchically ‘organiied. They find  their

.
-

equivalent in the cognitive qontrol hierachies which I discussed in

- * *

,chapter four. These hierarchies create inte€rnal stability (be it

-

physiological, .perceptual, or conceptual), which makes it possible for

"organisms to survive in an heterogeneous environment.

Progféss in evolurion is equated with progress in adaptability.

. ° o .
It 1is only through interaction with the environment that a species’

+ _adaptability can be tested. Likewise it is on1§ through stieéntific

-

which have to be:dealt with Ecientifigélly.

.t hd

better we become in problem ‘solwiﬂg',,.‘the ':befter" w8 also become -in

»

practice that: we make contact with the external world and can check

.\ .
|

the fruitfulness of our scientific theories.

The environment selects upon the phenotype and only ihdi;ectly

upon . the genotype. Similarly the scientist and the ‘scientific

community select for scientific practice and thef@by indirectly select
those theories which have proven to be useful guides'tb action.
Scientific’ knoyledge gets 'translated into technological

’ . * ‘.v
apbiication.' Technology transforms the world and creates new, problems

.
- N

The more ‘powerful science

' 4 b

becomes,i.e.s - the more levels of reality it penetrates, the mere
! N ‘ ¢ * 4 ‘4.

A
-

- profound changes it can effect in the envirbnment. - Let .me mention

. . » »
- * *

. ..,

nuclear pﬁe}gy ‘as an example.Thus we are facing th;.prob}emnthat the -

. ‘u‘ N ) r
problem creating. - Y. .

e

.

-
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I began this dissertation by discussing ‘Bacon's and Descartes’

vision of scientific progress. Those thinkers expressed a fundamental

optimism about*the possibility of gaining undubitable knowleage. They
<

-~

believed that there exists a perfect method which once discoverd would

®
g

enable man to gain new knowledge in a systematic fashion. They
funther held that the advance of science would automatically lead to
concomitant societal progress, elimingtiﬂg poverty and other plagues

of mankind forever. MaR hfd forfeited his dominionover nature at the:

Fall, science would help him to reestablish this role oncé again.
- - . .

. T have argued that Bacon and Descartes believed rightly that

scientific progress is possible. We have léarndd with remarﬁable

’

success how to penetrate most hidden aspects of/ nature and have

e established instrumental and Tonceptual control ovér realms of reality

\

o

-
L]

+ " evolution. Living shings

7
‘ >
forever inaccessgble to our natural modes of percéption. However,

this knowledge was not gained through the applicafion of one single

-

perfect method. Rather it came about as g3 reéhlt of . much tinkering

and.‘guessing and the employment of a variety of procedures and
: - . ! » “,

standards by méans of which we qén " judge . and compare scientific
E -

i
e .
-

practice, .
L * ‘ t ' ) N .‘ .
1 haves further argued that the concept of control is fundamental

for the understandéng of human knowlédge, and that this is so because 

1

we live in an unstable . universe, a universe "of processes’, where we

. \ - ) »
have to learn how tg_cbntrol the conditions of our own experience.
- 4 ' : ’ ’

Only ?gaiﬁst a fixed perceptual and cqnéebtual framework can .genuine

’ ‘ e
-

invariant relationshipt manifest themselves.
L . e ) “-1:,- e - /
"The,  evolution of science ¢an be compared with bfological

-
»
<

have conquered gthe watér,:the‘land, and the

-

- .

‘ -~
. .
) . N

»

-
o »
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« dealt with

;

air. Homo sdpiens has more than any other species contributed to the

transformation' of the earth. By applying scientific knowledge to

practftal matters we continuously impress new changes onto our

environment. We thereby create new problems which in turn have to be

[ .

- ¥ .

.sciehtists. It appears now to be most doubtful if we

will ever catkh up with the problems we have created ourselves.

' The growth of scientific knowledge "has ‘thus not led to a

P
4

concomitant societal progress. Rather it has turned out that science
a o ' I
feeds on its own probrgms,_tyaf it not only leads us to new important

s
» -
7 LI

- 3

and exitiné discoverigs, but also to the destabilization of nature,

[ . . - N *

culture, and society. Lt seems we are far removed from the Paradise

- .

‘Bacon and Descartes'eﬁvisioned. Adam and Eve were not kicked out of

Paradise for nothing!
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‘  NOTES TO CHAPTER °5

4

The term 'capricious environment' was coined by Lewontin
(Lewontin(1966)). A capricious .enuironment fluctuates
randomly with respect to the adaptive «cgpabilities of a
population of organisms. Lewontin couches his discussion

" within an information #keoretic-framework. For a discussion

4

“the caloric theory see (Fox(1971)) e L

of. this framework and some of its implications " see
Wimsatt (1980). . . ;

The data on the geological record were taken from
(Mayr(1978)). '

. b
= o4
’
-

For relevant information see Binford,S.R.&Lewis,R.(1969).

For the information on the archeological data -1 relied on )
(Piggot,S.(ed. )(1961)) , b
" ¢

o

N

L)

For example by (Jaynes(1976)) and (Barnes(1974)).
L]

For a detailed account of which kind of issues are at stake

see (Sober & Lewontin. (1982)). '

For a detailed exposition and discussion of the history of

~ -

! b o v - -t
-’I" .
LY .

. e
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sbiolpgical evolution, or §ﬁ§hld we not rather. assume that Bgth
ak - K ” >

‘APPENDIX*

J

. AN INQUI%Y INTO THE THOUGHT OF C.H.WADDINGTON

@

i L]

6.1. THE PROBLEM OF GOALDIRECTEDNESS

IN EVOLUTIONARY PROCESSES

.t
To uﬁﬂerstand:the nature of evolutionary change is one- of the

most important challeng#s modern science is facing. Not only is the

development of a powerful theory of evolution necessary for the

understanding of - the origin of the diversity and complexity which

distinguishes living things, but such a theory is likely to have also

repercussions of a moye general nature. For evolutionary processes

il

are not restricted to the realm of biology alone, Human cPltures,
too, display "diversity and compléx'oﬂganizational structures. They,

too, undergo change which is called tevolutionary'.

I [ * (e ' [ * [ L4
The question arises: ‘should we view the notion-'"the evolution of

~

“culture" just as a w;y of describing . the ,ihcreqse in cultural

LN P u : .
\ complexity' over time, which seéms to suggest some \vague analogue to

gvoiutionhry processes are to be accounted for by similar mechanisms’

W ‘

" of chéyge?‘ In other words, can we find a‘frame of reference such that

‘_th?'whole of evqlution ;an.be=deacr1bed‘ in one .tundamiﬁtal set of

¢ <.

- ! By
- .

r . . -

~e
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re

‘The }atcar case would be“of great philosophical importance, for
so far no theoretical system which attempted to describe the cultural
- activities of man ha§‘given a convincisg account of the relationshsip

between the biological and the cultural heritage. /

2

. f ' .
Biological evolution is the best researched and understood of all
evolutjonary' processes. It constitutes a blueprint for all

evolutionary systems and we might therefote hope to find help in . our

£ L]
n

attempt to understand the dynam1¢s/of societal change by looking to

| .
the theory of biological evolution. -~ -
* C :

\ o .
In the enterprises of science and society we deal with human

beings, i.e. conscious actors who create their world according to

'rational' principles, who increase their knowledge and adjust their

»

solutions of problems to the .everchanging world. The non-human

-

[ V#
organisms, however, do non\feem to know of #uch an adapstment Their

-

lives - and actions , are determined by »genes which prescribe thelir

-
-

activities. The appearance of design and purposiveness which 1is so

evident in the world of all living organisms seems therefore to be,

a

. just an illuniog, \The gap bétween' the conscious human actor,
adjusting his decisions to the changing ;orld and those other living
organisms, blindly directed towards ggals which they neither want
nor don't want sgems to be unbridgeable.

o

1f this is‘the‘éése then the theory of biological evolution might

 prove: incapable of .serving as a model.for a problem solving process

which deserves this name. Thus, if we dlain thatiéwolniion has solved

' ptoblems:.sdch as that of flying we speak only metaphorically for the

'. - P .

c0ncept of 3enu1ne problem tolving sqgm; to 3pmand more . than‘

>

K]

1
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trial-and-error ‘processes. It demands an interaction between the

[

actor and .his objects because an activity is purposive only if ic .

exhibits. sensitivity and persistence toward a goal as a result of direc
X T ‘ ) r
3

tive correélation.

+

*

The questiop arises: do the copcepts of persistence

-

and

+

sensitivity really presuppose a conscious human or divine actor, that
» ¥ .

«1s to sa¥'a being who ths(intentionally towards a goal? Is it not
" . - \
*
. . i
,rather possible that we are. imposing an unduly anthropomorphic ,

&

connotation gn the concept of purposiveness? It seems to me that it

could be sald that any System which interacts with the' environment in

7

such a way that it adjusts itself to external stresses so "that it
reaches an end which is of vakue for itself, exhibits purposive’

behavior. In this context one often points to a self guiding-missile
e / S '
oo / s . - .
as an example of a purposiye non-human entity. Yet this example is

!

. . . ’ «
3misleading because, gfter all, the -missile was designed by human
. : . . 4

beings for a "purpose set by them. What we need is a system which

designs ‘itself in a non-random fashion.

It is generally held th4t biological evelution is "not such a
, [y

{

system because there is no direct interaction between the environment .

¢ ®a

and the genes which mutate randomly. ’

The biologist C.H.Wadﬁington has developed a theory which brings

»

purposivepess back into the reafm of evolutionary chahge.l‘This

» ¢

-
- .

( ' ; )
reopens/the possibility that we may find a-mechanism tesgoﬁsible for .

[y
)

. ‘the characteristics of evoluéionafx systems and common to-all of them.

Hence, the philosophical implications of Waddington's approach can

» #

harély be overestimated. o ' ’
: I

Before we can‘ﬁroqeed in our task and expound' the Waddingtonian




' \
. ' concept of evolution, it will be necessary to give a brief account of

o - the development and content of the'prevailing- neo-Darwiniarn concept of .

o evolution. This will provide us with a basis for the understanding f.

;‘ " Waddington's criticism of the received vieh; it will also - facilitate
T ’ - -~ J )
the ' understanding of the Waddingtonian approach which, after all, is
_based ﬁpon concepts derived from pepulation genetics..’
¢ ? . [P

. - . . - . ' a -
- A

. , .
.
rﬂ o . . »
, . ~ .
) . . -
e . > .

. »

.. 'y . -

6.2. THE"RECEIVED VIEW OF EVOLUTIONARY CHANGE
. - o ” B

.
[ ~
.

1 ’ -

In his’ On the Origin of Species,” published “in 1859, Darwin

developed an Evdlutibnary theory which was to account for the origin

L]

of organic diﬁerbity: bb;h, palaeontological and ' qeihtological.

Although fhe'idea dhaq living ;Qi;gs.had_in‘the cohfse of time changed
’ their form and guncgion ;sﬁé result' of a gradual,: cont inuous progess '

- T did not ?rignnate with ADarwin, "he was ‘Fhe first }o congeive of

evolution as a two‘step pr;c;ss, the .first: step hconsiyt:;g in the -

proddction of variation, and the, second, of the sorting of this
h : .

variability by natural selecttion. - Asqpming;'Malthus' doctrine of

% . .

‘excessive reproduction' and applyfng the printiple of natural
7 . . v

selection Darwin ducceeded in giving an account.for the phenomenon of L
- % . ’ ‘

/

adaptation: assuming that the organism will always Jeave more
offspring than énvironment can maintain, it follows that only a
certain proportionr of the progeny will survive. Those will be the

ones which are. fitfest relative to a_ glven environmental condition,

4 .
Howéver, 1if alwqys the best, the f)ttest, survive, and if there is a,

- v a

.
s
] - B . ! »

B ' -
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'

by necessity steadily improve. ) o

*.'._".,v:l.
The awe-inspiring fit of the organisms to theit;::nvironment had
’ ’Zﬂf!éii :
been the chief evidence of a Supreme Designett;;;nd:.had convinced the
‘ g

e e . o
majority of Darwin's contemporaries that ﬁtgagic diversity would
’ e

forever elude scientific enquiry. Howigﬁg? the simple mec#anism .
.;-“ . '

proposed by Darwin enabled him to rejec;uifinal cduses' and vitalism,
thereby opening the realm of organic change to' scientific .

investigation. ' )

-

Yet, a full application of Darwin's concepts was only possible
after the theory was reconciled with Mendelian genetics: Mendel's . ’ :

discovery that differert pairs of traits behave in inheritance

e

independently of one another led to the postulate of a microstructure

which was thought to agcount for the diversity observed. in the

macroscopic realm. The 'gehes', as those microentities were soon to

»
21 (] .

be called, were conceived of as being -~ segregated and independently

. E
assorted entities. These entities were thought to determine the
- - -

»

. \ 7 » )
. Ppresence qr absence of specific characters™in the Qilting organism.
k] .

’ '

On this model, wvariation bétween individual organisms 1is due to

P -

changes in the underlying disc;ete units of inheritante, and evolution

+

has Ae be considered in terms of changes in“frequ;ncies of individual

genes in bopulations4of ofégnisMs. ~ ) .

T

' We ‘&ee gbatithis way of loo?ing at living things is .essentially

based on an atomistic metaphysics, and fhe 'founding fathers' of the

4

»r o
neo-Darwinian theory - Haldane, 'Fisher, ‘and Wright - did indeed
utilize the* possibility of -algebraic treatment which makes atomistic

. ) 3 ;

“

concepts so useful for scientific investigations.

o Ly
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The discovery of the DNA double helix by Crick, Franklin, and

Watson énd’ the deciphering of the genetioc code provided a'deeger
LG R T )
understanding of the chemical nature of the gene, the mechanism "of

directed protein synthesis and the concept of mutation. Errors in the

.

replication of DNA are reponsible for the occurrence of gene mutations

and are thus the ultimate source of genetic variability. However,
. ]
L4

contrary to the origjinal Darwinian conception, most of the genetic
variation in populations arises not from new mutations at each

generation but from the reshuffling of previously accumulated

o

mutations.

O;ganisms which persevere best in the respective environment will
leave more progeny and thereby perpetuate their genotype. Natural
selection will operate upon individual 'characters' exhibited by the

organisms.  The phenotzge is conceived as ¥ mosede of individuél gene

~

controlled -characters upon which nafural selection’ will operate
thareby directly effecting the genotype. Thus the phenotype is viewed o
\\ as being the genotype's way of ‘ensuring the production of another

genotype. And natural sele¢tion is conceived of as not being a merely

\

negative force that eliminates the unfit but as a positive.

-

constructive force that accumulates the beneficial. When treating the

Y
-

theory mathematically a selective coefficieﬁt'1§ attached to a certain

-

allele or - genotype. This. ipdicates the relative number of offspring

which would be left, on the average, by a largé>number of indiQiauals

of that typéaggrming part of an infinite populalion. 'The'Loefficienc

¢

is canceived 35 being a measure of 'fitness'. Thus the term fitness.

lnq;cateb the sﬂcqsss of a genotype’ in transmittiné genetic

information to the next generation. Natural selection 1s conceived of

«

. .
‘." - ° b d



*

2 ! .
. . X
[ L J N I,
[y .
. .

being a  stochastic process favoring or rejecting certain gene

“
L]

.

frequencies. The ultimate source of 'feﬁetic variability are

micromutations which transform a gene into ‘newer' version and which

a

occur at random. That is to say, their occurrence is unrelated to the

demands of the environment.

If a population becomes‘ggographically divided, the 'gene-flow'

v

will be interrupted and new mutations will effect only the separated

. i
subpopulations. Different changes -occurring in the -environment will

subject the populations to ~di!¥erent selectife pressures. In the

course_of time we might find two 'new gpecies distinct from each other

.and adapted to different envirdnmental.conditions.

It 4s thought that in view of ,the 'éime available for the
f“

evolutionary process, mutation, recombination;® selection, and

geographicél isolation quite adequately’ account for the diversity’ of
4 .

lifer: This confidence in the explanatory power of the neo-Darwinian

theory of evolution was voiced by . the well-known palaeontologist

Simpson: "it seems that the broblem of evolution is now essentially
solved and the mechanism of adaptation is known'".(1) .
] \ ) : ) <
» \ ! '

_6.3. PROBLEMS WITH THE RECEIVED VIEW

o

4 - «

“":\

In spite “of Simpson's confidence there 'H

emains a group of
distinguiphe.d biologists, p‘hysicists," and philosophers who stubbornly
. - ' . “ ‘ - -

maintain that thé problem of evolution -is far from being solved and
' N - '

that the remaining conceptual ﬁrqblees deserve s;rloJ' atiehtlon.(Z) )

-

. .
. . , L] -
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cof ‘letters would compose the first twenty lines of Vergil'é Agneiﬁ"
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The issues around °which the controversy -centefs can be

s
¢ 4 AR Y v -
L3

‘characterized by the slogans 'Does evolution depend on random search?’

> . v
3

and '<is the "surVival of the fittes#' a tautology?'. . ‘ . s

° . ’ = A

The accusation that the t1me avaxlable for creatlng the dlver51ty

. B
. 9

and complexlty we find in the world of q&v1ng th1ngs was by.fdr too ™

' * -

short to accoun; for the“fantastic variety and compiéxity we fFind in,
- ) ' ' »

. . o ‘ ) i " o « )
the living wonld in terms of random mutation and natural selecfionm
i . * -
alone, comes mainly from phy§1cists and mathematicians interested in
~ F 3 L NS

the evblutionary process. Murray Eden, for 1nstance, speaks about the
. . . ’ : ' * B .
- &1 P Fl R '.g
negligible changé'that "4 child arranging at random a printer's supply

7

. Al . r

(Eden(196706). 7/ = - n . A PR
i I D ‘ . .

‘L .

The ‘al'leged tautologism of the neo—Darw.LnianltHs'Q‘:s based upon .~

-
4

the fact ' that it defines fitness in terms of leavihg offsépring.
Taking this def}ni}ioq for - granted_v'the _survival of the fittest’
- ’ ] .\, : « " '."‘ " - " - . }'.-
becomes a vacuous statement’. ' - e, -
. v 4

. . . . . o o ’ .
1 do ngt intend to delve in any greater detai] into these ‘long
, M , . » ©a
standing’ issues. Let me, however, point out that both ﬁ{oblemé are
. - ,‘ , ’ . [ 1
created by the® fact that the idea of long-term progress is -a.
g “ " . - :

.y N . -

meaningless . concept - within the neo-Darwinian ﬁramewbrk." When
gless . e BaE

4 . .
néb—!nrwinia:: ‘talk about 'prqgressi;thgx: ref;y to . progr;s; inwx} ‘ ? ¢:'
‘dd;p;ati;n} | if;_ sa&,k-a~~prey spgcies'saag:;'thé p;oblem ofréunning : B ’:
faster it will constitute progress fop, ‘this speciles because ~its‘\‘ ' A-c*n
¢ 1o < - "' o e
members w}l{‘;be more sucqes;ful 1? escs predagors. He&dt , T
_ pr;)gre;s 'fa'x: m;: species " resuits .‘i"n . many pet{ }géoblguq- f'o‘; _}ther ST
speciqs."~1§,‘°1n the cpé' ’6f;'hany lcheeh{ng 3an¢fa£idns'££e . D

2 ' -

r - ’ 9 T v .5

pr_gdaton in t&rn vill changein such 2 vq that, tbey will’ be more,
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successful in ‘theif'hunting capabilities g’py also ‘will haQe creatéd\\\

'pfﬁblems for a ‘host of -other species, including the one which

arted" the succession of prQE}em—trgating by problem-solving. -

. 4 . ¢ o~ )
¥ In&a d, solutions to a problem which originally constituted progress

the species may eventually lead €o its extinction. If we define
fitness in terms of leaving more progeny we can indeed consider only a”
very brief period, . in which we assume that no other iiyironmental

changes take place. - - ‘ '

~ By fitness-is simply meant the probability of

' ’ survival and reproduction....It follows from this
definition that fitness can be compared only in a

" specific environment or range of environments
(Maynard Smith(1972)84). ‘

R

4

- g The impossibility of accounting‘ for long-term progress in

adaptation becomes yeveir more evident if we consider that all species

[} . -

past and present were, respectively are, adapted. .A species whiéﬁ
managed to survive for many millions of years must have been adapted
to lts environment.

Do we have to conclude that the idea of progress thréhgh

o

evolution 1is a meaningless concept or might we not want.to amend the
TN

-~

neo-Darwinian “conception of evolution in such a way that  our C
intuitions aboﬂilevolutionqry progrefs beto jusiified?’
-Neo*ﬁqrwihists themselves seem to feel that something 1s lacking-

within their shared framework. Maynard Smith, for instance, prqposesb

to replace the phrase 'the survival of the fittest' by ‘'the survival
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of the adaptively complex'(Maynard Sﬁi{h(1972)84)

It was suggested that in order to account for " the- ‘evolutionary

~.

processes which-involve human activities, we need a model of evolution

-

_ y- . . .
as a system wvich designs itself in a non-random fashion. 1In lighfgof

L4

the criticisms of the neo-Darwinian interpretation of evolution such a,

system seems to be also a desideratum for the biological process' of
. 3 .

evolution. Such a system would not only answer the objections against
'random search' and the alleged tautologism but wo&ld_afso accaunt far
progressive chang;s over long periods of time. ‘

Waddington's 'Theory of the Phenotype' fulfils tﬁis demand. In
doing so it brings back ‘into biological reasoningwthé concept of
puposiyehess without, however; employing either the‘idea of a divine

T

designer nor m'kterious vital forces. Waadington voices his

contention that the concept of design is central for an understanding

of the p»‘r‘oc‘ess of “evolution and that neg-Darwinism fails in this

i

respect in the following way:

*

The neo—Derinian paradigm, of selection acting on
genes, - is good enough when we afe considering
situations in which fitness is related rather
directly to the qualitative nature of primary gene
_products...(in these cases) it 1is  probably
justifiable - to follow the  neo-Darwinist
prescription, and leave out of account any  effect .
of the environment in modifying the phenotjpe on -
which selection acts. Where this prescription,
fails to pass muster 1is just' in problems.of
.evolutionary adaptation at the - organ or even
tissue level. Moreover, they are:the problems
which have philosophical .implications. It 1is
doubtful 1if' anyone would have ever felt any need
to.resist the notion of evolution if all it
implied was that:the exact chemical constitution
of haemoglobin gradually changed over the ages.




T

The importance of the theory of evolution, as part
of man's thinking about the 'universe i;g\ﬁhiehw‘he
finds- himself, is that it offered an alternativé
to the notion of an-InteMugent™Designer....It is
where it comes into conflict with the Theory of ’ ’
Intelligent Design that the Theory . of . Evolution
becomes ‘something " of general human-.importance,
rather than a mere piece of technical specialized
expertise; and it 1is just in these areas of
" conflict that the neo-Darwinist paradigm is
. . misleading. The sulcess of neo-Darwinism, pepped
up as necessary with a'shot of stochasticism 'in
explaining the'_evolutioh of the haemoglobins,

§ - nuclear histones, or histo-compatibility
loci...will be -largely beside the point when we _ °
are considering Evolution as a relatively new; .

major component of man's thinking about his.place
in the universe (Waddington(1975)VI4VII).

6.4, THE WADDINGTONIAN ALTERNATIVE -

1
4

- v’
Let us now turn to C.H.Waddington's account of evolution and see

*

if and in which sense his fTheory ‘of the Phenotye' solves the alleged
broblems. , -

Waddingtoh approaches the problem of e;blutionafy change from the

+

viewpoint of .an embryologist. As such, he is mainly concerned with

the developmént of the organ&;m ‘hfough time. The developing organism

presents a picture -of incréaging complexity from the moment of the
formation of the zygote to the Adult stage: Each cell in the body

(with  exception of th§ éametés) Contains the same genetical
) 3 4

information, i.e.' gn identical set of chromosomes. 'Yet the organism

~ ' A

is made up of vastly different ¢issues and organs: liver, kldney,
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muscle, brain, to name'but a few. The embryologist -observes that the
. ; -

originally homogenous egg plasm becomes more and more structyred as

time goes on. It is important to realize What alfhohgh— originally
5 -

-

£

the later .structures, once a 'decision' has been made a certain

] .

pathway will be followed, that is to say that the differentiation intg

different tissues and organs is irreversible. Thus, 'the causal
. . : ;
v . . -
structure of an animal can be represented as.a set of branching

¢ . Fy
*.

de§elopméntal path;r along which a certain part of the egg moves
: ; ’ . N ) i .
during the develpopmént' (Waddington(1941a)14), :

. N . / . ' .
1f we want to characterize these developmental pathways we have

to stress on the one hand the remarkably coordinated sequence of

events and, on the other, the capability of the pathways to get

Y

~

readjusted if the coordination  is interrupted. by externally or

ithrnallyA‘acting factors.  This °becomes evident through the

[}
r

well-known capacity of many developing systems_tblreacf, especially in

the early stages of development in a regulative, restorative manner-to
. .

injuries, traumas or-accidental losses of parts. , .

The organism” is not only protecfed to some degree against

3 < .
external interferences, but also against genetic disturbances. Thus,
y - ‘
inbreeding which diminishes the genetic diversity of natural

4
.

populationﬁkoften produces organisﬁs which exhibit major malfunctions.

“

This _property of the éenotype to absorb a certain amount of its own

variation without exhibitiﬂg any aerrations in development, is called
'ﬂr

by Waddington the ”buffering of the. genotype", examples of which are"

the phenomena of daminance and epistasis. The appearance Qf the

' . - “ . -

phenotype thus does not exhibft a genuine 'mapping' between genetic

o
.

‘4

187

_each part of the egg has the same potential for developing into any of - -
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and phenotypic diversity and we find that "identical phenotypes may

have different genotypes, and identical genotypes may "give rise to

diéfereht phenotypes' (Waddington(1975)V1).

¢

Wt have seén that the pathways along which the embryonic

ot L

’ - : ® ' .3
development proceeds are rather resistant to modification. Waddington

refers to this property as the 'canalization' of development. * Thus

the initiaily“rather homogenous egg plasm will differentiate into

-

various distinct tissues without any intermediate tissues to be found,

.

and we find canaldzation for brain, ltver, muscle, &nd many other

tissues which in turn will form funétionhlly adaquate organs, The
r

L -

development of those organs .is also canalized; an example is the

hypertrophy of one organ of a pair when the’ other is removed. That is

to say when we speak . of canalization-

constancy of a functional performance -which - so to &speak - the:

developmental pathways have as their ;goal'.

+

we refer to the

i

In this sense we can

also say that the, whole phenotype is canalized, i.e. that in spite of

-7 ’ .
differences in the genetic endowment and those oc¢curring during

i

ontogenesis the deyelopment of different individuals will lead to

almost identical phenotypes. - ‘

~ ¢ i .
. The individuals that are phenotypically almost
identical, looking alike as two -peas, contain

N _ wildly different genotypes, each 'a .sample drawn M

from the populations’ highly heterogenecus gene
pool. The uniformity of the wild-type is a

phenotypic uniformity, a result

of the

canalization of development, which conceals the
heterogeneity of the phenotypes and 'of the

epigenetic environments (Waddington(1974)36).

i

188
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The canalizatjon of development ensures the optimidl performance

of the phenotype in spite of varying environmental conditions. It can

therefore be said that tﬁe developmental péthwaysi exhibit purposive
behavior as ,defined in the first part of this essay. That is to say

the pathways show pérsisteﬁce~and sensitivity towards -a goal, whereby

the. goal 1is a function valuable for'the'organiSm.. The fact that the
Qrganism can reach its goal in, spite of environmental and genetical

disturbancés exemplifies persistence.and sensitivity. o -
-y ) . l

< - b

~ However, the appearance of purposiveness during embryological

+ ‘ \ .
develqprient will hardly be controversial even among biologists working

3.

within ‘the neo-Darwinian framework. (3)
A

, In order to illustrate the sense in which it can be said that the
evolutionary process itself eikipits goal-directedness(4) let me
present the following analogy. et us visualize. groups of soldiers

having the task to dig trenches in“order, to a'p‘proa;h in a ‘felatlively

) -

-

safe manner hostile positions., 1In order to achieve this aim several
considerations c;me into play. The t;enches hjyé to be deep enough to
provide protection but not so deep that one cgnnotljump out of them {f -~
necessary. The speed of diéging ig.also important for if the soldiers
don}f reach their goai in time all their efforts might be. in wvain,
Furthermore, let us assume that-the soldiers have “not wofked together
ggevibusly. We can ‘thegeforé 'expect that their cgpperacisn will
- .improve. as time pa;ses on. Some groups of soldiers might consist of -
- fast learﬁers, not only in the sense of’ learning their 1ﬁdividua1

task*Z but in the-sénseiuf learniné,ho%‘éo cooperate,‘p;tting each man .

. ' .
at the right time at the place best suited fo; “him. We can assume
that those groups ,of-;éld}ers learning how to cooperate fast and 1ﬁ

4

-
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the most efficient way will be those favoreé\by 'natural' selection -
an analogy which we might take quite literally in a wartime siéuatioq{

Our soldiers stand for populations of genes, the trenches for.thé
aevelopmental pathways. Natural selection  will favor those

gene-populations which cooperate best in bulilding the developmental

pathways of the 'right' depth ('right' is, of course, defined relative

to some function performed in the environment). If the entrenchment

of' the pathwéys is too‘deep or too shallhw the oréanisms‘beafing‘those
genes may become extinct.  Too deep an_entrencﬂhent means insufficiént
flexibilipy in a;justing thév trenches if necessary; Too.shalfow a
trénch will bear the danger that the organisms will be‘i}l'affecced by
even minor genetif or envir?nméntai changes.

L J

We assumed that the soldiers, unskilled at first, improved in

-

their performance and learned how‘to c;oerate best. On the gene-level
this improvement ;ilf occur over many geher;tion53athat ls.to say that
géne—bopulations:.whith coope}ate. best will produce phenotypes which
will leave more pfggeny. ‘Any further impro;ement will be preserved in
the gene poof.r S : . | .

dur analogy between a team of séldiers and a 'team' of genes
i;cks still an essential component. Our soldiers operate tOWaFds a
goal ;nd their activities and successes will be assessed’ in rélatﬁon

v

to this goal. 1f our metaphor is to be of any value we have to

postulate that there are goals to be achieved by evolution. We also

have to ‘demand that the slow impfovement in cooperation among the

genes can and ﬂffl be continuously assesséd relative to the goal which™

1

. »
is, of course, an environmental demand. In other words there has to

N L N ot
be a feedback connection between the goal set by the envirenment and ~

190
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4

the gene ' poolt
understanding of Waddington's ® théory- because. it is here that we

ingﬁitably‘have to empldy the concept of ;ﬁe phenotype.

.
. - _ -

Phenotypes show a remarkable capabiiity of adjusting themselves
’ .

-

to ‘changing environmental ‘conditions. If we expose our muscles to

LY

heavy work they will grow in size, if we walk bare foot we will grow

calluses. On the traditional view it is thought that those characters .
+ bl ' . B

. : . > ) ] \ .
acquired during the lifetime of‘ an qndivi al. are irrelevant for

¥

flow frpm proteins to nucleic acids but only from nucleic acids to

- “ 4

proteins. But, as Waddington points out *

«

The acquirement of an adaptive modification in '
‘respbnse to' an environmental stress cann&%»be due
simply to a plasticity of the phenotype to which

the genotype 1is quite irrelevant. The adaptive
modification, like all other characters of the
developéﬁ animal, must be 4n expression®of the’
hereditary potentialities with which the zygote

. was endowed (Waddington(1961)287,288). _ ' x

* )

-
«

vIf the adaptive modificatioﬁ is of value to the animal then we

should expect that evoluytion will favor génotyggs which endow their

-
»

possessors with the capacity- to react adaptively

with = their

surroundings. - In other words, natural selection will favor organisnts
o . ‘ . '

with greatér adagﬁability. ) : ‘ o .
4 ) -
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It is this point which is crucial for _tBe

evolutionary changes. After all, we know t bt there is no information.
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_We are suggesting. that. all natural selection is in
fact a selection for the ability of the organism
to adapt itself to the environment 1in which it

' finds itself (Waddington(1957)104).

.

- ~

" The characters of -an adult organism are always the result of
processes of development. I1f a pobulation persists in s;me unusual
en;ironment by forming a suitagle adaptive mo&if&catioh,, natural
selection will favor those genotypes which 'c;operate best and

facilitate the acquisition of these characters. Thus, the exposure to

the ¢hanged environmental conditions over many generations will result

in changes in the éevelopmental system and will lead to a 'tuning of o

¢

- the canalized pathwaysﬁ (Waddington(1961)285).
It 1is because the capacity of organisms to respond to

- LY . - B
environmental stresses duripg development is itself a hereditary

quality that we can speak about a feedback between the environment and

the genotype. That is to say, that theﬂgnvirqpmeni has not only a

“negating, i.e. selecting effect but also a positive or -.as we might

want to say --instigating effect. To say it in Waddington's words:

4

. ) * ' s‘
.
= » -

t not only determines the selective

forces, but 50 co-operates with-the genotype in
the specification of the phenotyp
(Waddington(1957)104). : I .

' »

-
. -
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6.5. EXPERIMENTAL EVIDENCE ' -
’ 1 ’ . " ) , L] .
= [

Waddington buttresses his interpretation of the evq‘utionar§

process with numerous examples and experiments. ‘Especially
i . -
illuminating are his experiments on 'Genetic Assimilation' ‘and his

3

interpretation of the 'Evolution of eggs'.

The evolution of eggs has always posed a major problem for

-

evolutionary accounts based upon natural selection. The éggs produced

-

by animals belonging to different phyla and families of the animal.

kingdom differ from one another as strikingly and fundamentally a's'do .

the adults. It is difficult to conceive of a natural selective

mechanism operating wupon the characteristics of the hatched animal,

.

but not on the differentiation 6ccurring within the developing egg.-

That is to say that the repatterning of the egg structure has to be a

consequence of natural selection operating on the adult animal. In
other’ words,'"from the point of vie& of evolution, it is the hén thEH
comes beforé the egéa (Waddington(1951)174), <TPeuhatché& animals are
- subjected :té, a variety_of envjfdnmental stresses. Selection for tﬂe

abi{ity.to re;péﬁd ad;quatéff;té those stresses will -in the course of
. ae many fenerations generate animals which will repond begter, i.e. more

specifically to specific environmental conditions. ~Natural ‘selection

L -

will lead to an adfjustment of éhe developmental pathways which are

responsible for these specif{c reactions.

[

t We may.....conceive that it may not be beyond the.

- . powers of natural selection, “once a given new ’

adult type of pattern has been evolved, to improve
. ’ &

3

»

L}
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- )

the dévelopmeqta systém by which it is brought .
into being and in the course of this improvement

- ‘to alger the organization of the ripe ovum from
which the whole process starts
(Waddington(1951)174).

That is to ssay that the plasticity of the phenotype 1is a

precondition fo the survival in changing environmental® conditions.

.

Genotypes which endow their possessors with the capacity to react

adagtively with their surroundings will be favored by natural

selection. To say it metaphorically: they enable the organism 'to.

M N s

see.a goal" and meet a specific environmental demand.

v

~

An especially illuminating example of. the appearance’ of

i

purposiveness in evolution is’ provided by the phenomenon-of 'Genetic

LS
Assimilation', a novel evelutionary process which was redicted and
yp p

-

.experimentally verified on the basis of the Waddingtonian concept of

n ¢

evolution. To illustrate this phenomenon I will describe one of the

numerous experiments. performed by Waddington.(5) :
L ] - .

waddington manipuléted the environment in which Drosophila larvae:

live by adding a high concentration of sodium chloride ko the medium.

These larvae possess anal papillae which play a role in regulating the

osmotic pressure of the body fluids. The increase in tﬁg salt

concentration resulted in an increase of the size of these papillae in-

successive generations of animals. No artifi¢ial selection was made,

the selection pressure being entirely due to the natural selection

exerted by the harsh environment. After many génerations of larvae

had been exposed to the modified medium an enlargement of the. papillae

-

occurred even 1if the animals were raised on a medium with low sodium

© ; 3 - -

-
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chloride content.

. -
-

L] i

. . ]

We have cbtained a result which is effectively the
safe as would have resulted from the direct
inheritance of acquiwed characters but which has
< - been produced, ot by the mechanisms which are .
usually thought of in connection with Lamarck's
. hypothesis but by a population-genetical mechanism

which involves selection (Waddington(1959a)49).

o

-

‘ .

In the initial stages of the experiment the increase in the size= of

B

the pdpillae occurred proportional to the increase in salt content.

; “

L

4 o . ) .
Animals which were most successful in”aequiring this character, i.e.

which showed a high degree of adaptability survived and left progeny.

Further selection resulted in an improvement of the developmqgfél

Bathways responsible for this particulay resﬁonsiveness.‘ Eventually
[ Y- N .

the 'acquired' character occurred irrespective of the exact extent of

.

stimulus‘which the organism had met in its early ljfe.. That is ta say

i

Ehi} the developméﬁtal pathways haJ become canalized. Finally the

.

particular modification which,haa been selected for appeared even in

s

A a

the absence of the stress.,, This' shows that thé response to the

.

ebﬁironmental stress had become genetically assimilated.(6)

5

a”
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”6.91 THE DYNAMICS OF PROGRESSIVE CHANGE

» ae .

-

MWe have seen that 'acquired' characters exert influence ®on the
Y ~
direction in whiél\eyolutionary change proceeds. Indeed, by selecting

~

4
for both capacity to respond and type of regfonse
. to environmental stresses,....we found evidence
for the existence of a ‘'feedback' between the
conditions of the environment and the phenotypic
effect of gene mutations. The 'feedback' circuit -
is the simple one, as follows: £a) environmental
stresses produce developmental modifitations; (b)
the same stresses produce a natural selective
pressure which tends to accumulate genotypes which
réspond to the stresses with co-ordinated adaptive
modifications from the' unstressed <course of :
development; (c) genes newly arising by mutation
will operate in an epigenetic system in which the
production ofg such  co-ordinated adapeive
modiffcations has been . made easy
(Waddington(1959a)56). |

N -

1 P
~ )
. . ¥

b The correlation between the plasticity 6% tﬁe ;;henotype~ on the

one hand and its capability to respond specifically to long lasting
environmental pressures provides a‘basis for tHe‘undefstanding of the

complexity we find in the world of living:things. The existence of a

. . <
'feedback' mechanism between the environment and the genome can

provide us with a better understanding'why natural selection will

favor organisms which are not only adapted but ~also adaptable. -The

- -

‘plasticity of the phenotype. is hot bnly‘valuahle for the immediate

survival of a partiéular species 'living_ in, an het;xogeneous

. ' , . ’ -
environment but 1is also ‘a precondition for long-term directional

>

¢hanges as exhibited in the ‘canalization'of developmeﬂt. The



capability of organisms to acquire characters if exposed to a new

environment presupposes a: highly heterogeneous 'geﬁe péol; The

experimental findings of T.Dobzhansky showed that natural populatiéns

-

. N B &
are genetically much more heterogeneous: than~ had been thought -

PR

preyiously. He proposed that the evolutionary changes-as codified in

-

the genome should be dongidered not so mych as a consequence of

© .

changes in sigle,"iaentifiable genes, but rathe} as the result from

. . » tor .
alterations of the proportiords in which 6 many different"genes are
’ ) o

present "in the gene ‘6201' of a population. Organisms Which react
- ‘ v . )

adaptively with the environment thereby ' expose a gznetic potential

which previously had been concealed in the oId environment by

» B »

dominance and  epistasis. Canalization for acquired <characters

»
.

therefore requires -a highly heterogeneous gene pool and fails in

inbred populations. This has been amply verified by numerous
eiperiments. ] ' A .

A changing environment will pose’ specificbﬂproblem! to the

organism. . It will not ‘'ask' for an overall improvement. Yet, the

deveélopmental pathways\which are responsible for particular’ functions

;

are intrinsically interrelated. Environmental pressures which, say,

promote the‘deveropment of a more powerful muscular system will
, . \

thereby also require an increase in the consumption of oxygen. Thus,

the blood—circulafory system might have to be improved. This change,

. »
. -

tn turn, will have repercussions on the structure of-many other

organs. Hence, the selective pressures operating towards an

- improvement of one particular functiof may result in the 'rebuildiﬁg’

of the species.

1)

In order to adapt to a changing.enviromment the organisms will

’

.
[ L3 . ‘ .
L3 . L]

»
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r’ -
ofﬁﬁh have to change .their behavior adequately. The’gene; which

determine the modification of the developmental pathways must

4

thérefore be <correlated. with those responsible for the behavioral

adjustment. For example '"Kettlewell has shown that melanic moths do

"in faet, tend to, settle on darker areas of trees more frequently than

would be expected by chance. It is clear, however, that here again

-

selection will be operating not on isolated cemponents, behavior on
one‘side and developmental and physiological response on the other -

but on an interlocking system in which behavior and other aspects of

function mutually influence one another' (Waddington(1959a)57-58).

* ’

developmental pathway and in the behavior of the organisms cannot be

I

seen in isolation from either the rest of the developmental processes

v -

nor .from the environment in which th rganisme _live.

s "

; » 7 .
Yet, ﬁgher organisms do not just 'behave™™ ™in a perfectly
determined manner but they also choose and modify the environment in

which .they live. This leads us to the consideration of the complex

problems involved in the evolution of the ecosystem which poses such

questions as: 'how did the London sparrow cope with the success of

o

R
. the pe€F%1 engine in driving off the streets, all those horses, with

their offerings of dung full of delicious seeds"(Waddington(1969)117).

/

The feedback situation in which an animal's behavior largely

determines the kind of .selection pressure to which it will be

i

subjected is characterized by Waddington in the following way:
’ )

Thus, the splution to an environmental problem as codified in the "
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‘Behavior is one of the factors which determines
the magnitude and type of evolutionary pressure to
which the animal will be subjected. "It is at the
same tjme a producer of evolutionary change as
well as'a resultant of it, since it is the animals
behavior which to a 'considerable extent determines
the nature of the environment to which it will
submit "itself and the character of the selective
forces with which it will consent to wrestle. -
This ‘'feedback' or circularity in a relation S
between an animal and its environment is rather
generally negle¢cted 1in present-day evdlutionary

. theorizing (Waddington(1959b)204).

6.7. SUMMARY

4 ~ . . }1

Profeesor Waddington presents us with a picture of ¢ the

evolutionary process which is based upon -the existerce of ‘two -

interlocking feedback systems. Because ‘of their behavioral’

Y

adaptability animals can choose new environments and in doing so

changa them. This in turn, creates new demands for a host of :other

species.  Because ‘of their phenotylic a&aptability organigﬁs can -

within certain limits - survive in spite of changing environmental
. Sy )

conditions. 1f the\,séiective pressures remain constant for a long‘
. . ' . . N .
perfod of time, the developmental pathways which are ' respansible for

.
v +

‘the adequate reactions will be changed in such a\wgy-that the organism

will -develop in the "right" direction, * even in qpé‘ face of ’'minor

genetic or short-term environmental pressures. That is to say that
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natural selection has "dug the trenches of the propér depth", a
process also labelled. the 'tuning' of the canalized pathways. As the -

result of its "labor" natural selection will accumulate  those

populations of genes best coordinated relative .to the '"goal'. Hence,
> - )

natural selection does not only act as a sieve which eliminates - the

- !

‘harmful and accumulates the beneficial but it alsd has an instigating

effect wupon the developing organism. Organisms which live in
J i . . .
unchanging environments will not experience this«"push" from their

surroundings -and are therefoze not likely to change. .
4 .

The flexibility and "directedness which characterizes the
-

developmental BrocesSes,has its counterpart on the behavioral level in

,

the appearance of_purposiGe activities. Animals endowed with highly
dvglopéd ’sénse Srgahs coordinated by a complex nervous system will be
able to act purposively and‘adj;st their actiyitié; according to the
prevailing envirommental copdi%iqns. R fhe capability'to 1?arn from
one's experience 1is “most highly developed in /the human animal.
Indeed, human beings do not nécesgarilyﬁ have to experience their .
environment but can rely upon their. judgements when conEemplating a

proper course of action,
-

The appearance of design is omnipresent in the ﬁb;ld of living.

things. It is' a result of the development of systems which can

4

interact with their environment and in doing so increase their problem -

-solving capabilities. In moving from the neo-Darwinian to the

Waddingtonian paradigm we switch from 'progress in adaptation' to

'progress ¢ in adaptabilicy',. from - 'random Search’ to

'goal-directedness’. ‘Or_to'say it in waddington!s own words:

/
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" Whereas the import of . ﬁhe previous
evolutionary theories can be sloganized in Jacques
Monod's phrase 'Chance and Netessity', the (riew)
paradigm would substitute slogans such as
'Learning and Innovation' or, if you'like a more
with-it-jargon, '"Recompiling and  Heuristic
Search'(Waddington(1975)VI).
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NOTES TO THE APPENDIX . e 0
- - .'( ".
~ ®

The material présented in the 4éppendix constitutés 4
slightly revised version of a previously published paper
(Hahlweg(1981)). ' . '

Quoted from Wolsky (1976)2.

.For an extensive criticism of the neo-Darwinian theory from

the viewpoint of a biologist see Wolsky(1976), and the

-writings of Lewontin, Portmann, and Waddington. The

criticism brought forward by mathematiciaps and physicists
are nicely summarized in Moorhead, Kaplan (eds.)(1967). For
criticism based upon philosophical considerations see
Grene(1974). '

The neo~Darwinian view on this matter is well summarized in

Mayr(1968).

Waddington's response to E.Mayr‘é agéicle (see footnote 3)
is illuminating in this context. See Waddington(1968)55-6.

° 4 =

For ,a detailed account of Waddington's experiments on
LGenetic’ ' ' Assimilation' see
Waddington(1941b;1952;1953;19594;1961). « The following
experiment is described in Waddlngton(1959a), reprinted in

' Waddlngton (1975)46-9.

G.C.Williams questlons the relevance of Waddington's
.experiments for biolog1tal evolution on the basis that they
involve artificial selection. (He refers'to experiments in
which the eggs of Drosophila were subjected to'ether vapor
in sublethal doses. 'A few of the surviyors developed into

_the abnormal bithorax phenotype. These phenotypes were

selected for, and the treatment was repeated in successive
generations. Eventually some eggs in the selected line
produced the bithorax phenotype even without exposure to the
ether, i.e. genetic assimilation had occurred.) Williams'
explanation of thede experiments is: "He (Waddington)
produced an extreme but simple kind of degenerative

-evolution. He was selecting for specific kinds of

inadequacies in the mechanisms of developmental
canalization"(G.C.Williams(1966)77). " .
) Aside from the fact that artificial selection is a
commonly accepted practice in many laboratpries, the example
I present in this essay shows that ‘'genetic assimilation'’
can be a source of evolutionary change vhich is of survival
value for the organisms. - '

7 ‘
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