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Abstract 
We consider the question of whether or not a 

successful attempt to simulate human (rational) 
thought on a computer can contribute to our 
understanding of the mind, including perhaps 
consciousness. The now fashionable concept of 
"emergence" may tu rn out to be more appropri
ate, bu t sti l l does not seem to provide a final 
answer. 

1 Introduction 

The field of Artificial Intelligence, and cognitive sci
ence in general, has had many great and celebrated 
acliievements over the years, but, at the same time, it 
has brought about quite a few controversies and 
heated debates about the adequacy of the computa
tional metaphor and constructivistic methodology to 
our understanding of the real human mind. 

It is not the aim of this paper to profess the author's 
support to one or another position in the dispute or to 
find one more flaw in any particular scholars argu
ment. Rather, in hope of alleviating the tensions be
tween various existing camps, I intend to propose 
certain conceptual distinctions which may help us 
find some common themes among the various claims 
made by scholars about the nature of thought and 
mind. 

To make this long story short: I believe that a dis
tinction between two types of mentalistic terms wil l 
serve the Ai community well, one less resistant to the 
adjective "artificial" than the other. I have chosen, per
haps irresponsibly, "thought" as the former term and 
"mind" as the latter term. My strategy is to include 
into the generic concept of thought, even those proc
esses which can be externally and objectively de
scribed, and thus they are acceptable for an 
intentional constructive procedure. 

In this respect it appears useful to consider various 
scales of magnitude, or levels of analysis, on which a 
given entity has a meaning. The distribution over 
scales seems to oiler a sharp distinction between 
complex entities in nature, like organisms or brains, 

on the one hand, and artifacts on the other hand (cf. 
also [Havel, 1993)). 

Recently, with the cormectionist boom, in addition 
to "artificial", a new adjective is becoming fashionable: 
"emergent". There are certain reasons to grant it an 
intermediate status between "natural" and "artificial" 
but for some other reasons these three concepts are 
hard to compare. Anyway, it is too premature, I think, 
to argue for or against talking about emergence in 
connection with the mind. Thus the second part of the 
title of this talk suggests a challenge to, more than a 
project for, the AI community. 

2 Making Things Think 

In their textbook about AI, Rich and Knight 11991] 
define this field as "the study [of] how to make com
puters do things which, at the moment, people do bet
ter". A simple statement, each term of which, 
however, needs to be discussed further. Let me focus 
on the phrase "to make (computers) do". Obviously, it 
refers to two different activities, making do and doing. 
The nature of, and difference between, these two ac
tivities should be taken into account whenever one 
says that some entity (object or process) is. or may be, 
artificial 

The concept of the artificial presumes, firstiy, that 
there is some natural entity which logically admits 
duplication (in our case it wil l be the process of 
thought, in the generic sense of the term); secondly, 
that a natural "person" (the designer) has a prior in
tention to construct a duplicate of the natural entity in 
question, and. thirdly, that there has to be an inten
tional project, i.e. a coherent and methodical series of 
intentional steps leading from the prior intention to 
the realization of the intention. 

The distinction between prior intention and inten
tion in project is similar to Searle's [1983] distinction 
between prior intention and intention in action. If I 
play randomly wi th pieces of cloth and wire and sud
denly - lo and behold! - something that looks like a 
ttower appears in my hands, I should not, I believe, 
claim that I have made an artificial flower. Certainly I 
would not say this if, let us say, in playing wi th the 
cloth and wire a wind, instead of me, had created the 
flower. What was missing was the prior intention to 
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m a k e a f lower. B u t s u c h an in ten t ion alone is not a 
suf f ic ient cond i t i on ei ther: even i f rny r andom play ing 
w i t h the c lo th a n d wi re , o r my wa i t ing for the w ind to 
do i t for me, were accompanied w i t h my best con
sc ious hope tha t a f lower wou ld sooner or later 
emerge, I w o u l d s t i l l hesi tate to cal l the f lower ar t i f i 
c ia l . W h a t w o u l d be m iss ing then is the in ten t ion in 
project . 

A pro ject no t on ly requi res a pr io r in tent ion, bu t 
also an expl ic i t des ign speci f icat ion, i.e., an external 
and object ive desc r ip t ion of a l l the relevant propert ies 
of the in tended f ina l p roduc t . Ex terna l , because con
s t r u c t i o n (un l ike , for instance, learning) is an external 
act iv i ty ; object ive, because anyone else should be 
able, in p r inc ip le , to reproduce the project in order to 
achieve the same outcome. 

In te rms of o u r de f in i t ion of a project and the exter
n a l a n d object ive cond i t i on w h i c h a project demands, 
we can ask whe the r i t makes sense to conceive of a 
pro ject to create ar t i f i c ia l thought , that is, to try to 
m a k e someth ing , pe rhaps computers , th ink . My c la im 
is tha t any project o f A l w o u l d requi re an external and 
object ive desc r ip t i on of the process of thought . This is 
a s t rong requ i rement , indeed, and if i t were satisfied 
there w o u l d no t r ema in , in ou r age of computers , too 
m u c h more to do. 

3 Thought and Mind 

I have p romised to propose a concept ion of thought 
t h a t w i l l lend va l id i t y to the project of A I , to the project 
of m a k i n g compu te r s t h i nk . Cur ious ly , I achieve th is 
goal by a s imp le t r i ck : by propos ing a suff ic ient ly gen
era l concept o f t hough t . 

Tentat ive ly , let us def ine thought as the act or proc
ess dea l ing w i t h conceptua l objects (concepts, 
thoughts) in an inte l l ig ib le and mean ing fu l way. 

Th is requ i res some c lar i f icat ion. First , by a concep 
tual object we m e a n a representat ion of any ent i ty, i n -
d i v i d u u m . category, p roper ty or s i tuat ion, ei ther 
der ived f r o m d i rec t experience in the real wor ld or 
cons t ruc ted in the course of past processes of 
though t . The seeming c i rcu la r i t y (viz., reference to 
thought ) is ha rm less ; i t ac tua l ly al lows for a g radua l 
e n r i c h m e n t o f the process. 

Second, intelligibility means unders tandab i l i t y by 
in te l l igent observers (for instance, by "us"). That is. 
the i nhe ren t overal l logic of the process shou ld be u n 
ders tandab le , a l t h o u g h i t is not necessary to grasp 
the detai ls , or the real causes of par t i cu la r act ions. 

A n d t h i r d , the wo rd meaningful shou ld exclude r a n 
dom ly d isordered, chaot ic behavior on the one hand , 
and iner t , s tagnan t or bor ing ly repeti t ive behavior on 
the o ther h a n d . 

These exp lanat ions bet ray the sl ight o f hand of ou r 
s imp le t r i ck : the de f in i t ion does no t men t ion causal 
m i c r o s t r u c t u r e . no r does i t state an expl ici t requi re
m e n t o f a presence of an ident i f iable ind iv idua l agent 
or "executor" of t hough t , no r does i t require subject iv
i ty or consc iousness. Thus , for instance, conscious 
thought ' , a r t i f i c ia l thought ' , and 'collective thought ' 
m a y be three di f ferent (perhaps related) types of 

real izat ion of thought . Let me i l lus t ra te the po in t by 
several examples. 

(1) Assume, f i rs t . J o h n S., s i t t ing in the famous C h i 
nese room ISearle, 1980] and m a n i p u l a t i n g Chinese 
characters. I f he unde rs tands Chinese he can car ry 
on a genuine Chinese conversat ion. S u c h a rea l con 
versat ion involves a real conscious though t . 

(2) Now assume he does not u n d e r s t a n d Chinese. 
He can st i l l per fo rm a thought process, b u t i t is m u c h 
less sophist icated and has a d i f ferent in ten t ion , 
namely, to man ipu la te the Chinese characters (for 
h i m meaningless squiggles) accord ing to the p re 
scr ibed ins t ruc t ions . Even th is t hough t process is 
(normally) conscious b u t w i t h consciousness p lay ing a 
relat ively ins ign i f icant role in the process i tsel f (John 
S. could be easily subs t i tu ted by a machine.) 

3) In the previous s i tua t ion , J o h n S. and the C h i 
nese room (the ins t ruc t ions included) pe r fo rm jointly 
st i l l another thought process. W i th the he lp o f p re 
scr ibed ins t ruc t ions for man ipu la t i ng Chinese charac
ters (symbols whose mean ing is impl ic i t l y s tored in 
t i ie inst ruct ions) they behave as i f they unders tood 
Chinese. I wou ld classify th is process as ar t i f ic ia l and 
(most l ikely) not conscious. (Here again J o h n S. cou ld 
be subs t i tu ted by a machine). 

(4) Now a somewhat dif ferent case. Consider the set 
of th inke rs who have worr ied themselves over the C h i 
nese Room Problem, who talk, wr i te , and debate 
about it. Together they realize a collective t hough t 
process, not ar t i f ic ia l and not conscious (unless we 
believe in some sort of higher, collective con
sciousness) '. 

Now, everyth ing that was del iberately left aside or 
not ment ioned in ou r "def in i t ion" o f though t shou ld be 
inc luded in the concept of the mind. Relatively vague 
otherwise, our concept o f m i n d shou ld inc lude, in 
par t icu lar , a l l impo r tan t propert ies ascr ibed to i t by 
phi losophers: in tent ional i ty , ra t ional i ty , free w i l l , m e n 
tal causat ion, subject iv i ty , and , above a l l , con
sciousness. 

4 The Difference between Conscious 
and Artificial Thought 

In recent years there has been a no tewor thy sh i f t of 
interest in cognit ive sciences and ana ly t ica l ph i loso-
phy towards the issue of consciousness. A l t h o u g h in a 
recent monograph on neuropsychology ([Kolb and 
Whishaw, 1990)) the t e rm "consciousness" does no t 

1 I concede a cer ta in degree of vagueness in us ing the 
adjectives conscious', ar t i f ic ia l ' , collective', etc.. to describe a 
thought process: i t is no t clear, for example, whether the 
adjectives are to be understood as dif ferent brands of process 
or as dif ferent brands of realization of t hough t processes. Bo th 
in terpre ta t ions are sound provided we do no t take the la t ter 
a l ternat ive as mean ing that all t hough t processes admi t all 
brands of real izat ion. 
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appear in the index, an increasing number of scien
tific and philosophical books are concerned with this 
topic (e.g. [Dennett. 1991. Marcel and Bisiach. 1988. 
McGinn. 1990. Searle 1992|). Whether an author 
grants a privileged ontological status to consciousness 
or whether he intends to eliminate reference to con
sciousness altogether, it is quite clear that AI cannot 
completely ignore this recalcitrant concept. 

Consciousness is a part of our inner subjective ex
perience and as such it is not, in principle, accessible 
to the outside observer. Therefore those functions of 
the mind, like conscious thought, that are intimately 
and inseparably connected to consciousness cannot 
be fully described and presented in an external and 
objective language without sacrificing some essential 
component. As we have argued above, without an ex
plicit design specification there is no project, and 
without a project there is no sense in talking about 
something being artificial. 

However, if we restrict ourselves to those thought 
processes which can be objectively described (recall 
our sufficiently general concept of thought), there 
should be no objection to anyone venturing into the 
project of realizing them artificially. In fact, when the 
description is sufficiently precise, complete and un
ambiguous, as it is in the case of formal algorithms, 
there are well-known standard tools for executing 
such a project (namely, programming systems and 
computers). There are limitations due to undecidabil-
ity and complexity of certain tasks, but these limita
tions are not what we here consider. 

I have argued that, in principle, conscious thought 
cannot be, without a substantial loss, converted into 
artificial thought (which claim may be taken as a re
jection of a thesis analogous to the strong AI thesis 
ISearle. 1980|). What about the converse: is artificial 
thought convertible to conscious thought? In a certain 
sense and in certain cases the answer is. obviously, 
yes. The sense is the following: processes of thought 
which admit artificial instantiations admit, in princi
ple, also instantiations wi th conscious control. Recall 
case (2) above (manipulating meaningless squiggles in 
accord wi th a prescribed set of instructions). 

One may argue as follows. If there are instances of 
artificial thought processes realizable as conscious 
thought processes, does it not follow, contrary to the 
above claim, that at least some conscious processes, 
namely those jus t mentioned, can be realized 
artificially? 

This argument is valid, but not philosophically in
teresting. Our claim does not deny the possibility of 
extracting certain parts or certain components of con
scious mental activity and converting it into, say, a 
computer program, with the behavior or functional 
structure equivalent to the behavior or functional 
structure of that mental activity. There are two possi
bilities. Either the presence of consciousness is not 
essential for the mental activity in question (as in ex
ample (2) above) in which case the equivalence, being 
trivial, does not say anything at all about artificial re-
alizability of consciousness or consciousness is essen
tial for the mental activity (which may be the case of 

example (1)) in which case extracting the programma
ble component will yield an entirely different thought 
process. 

The issue of inner (first-person) conscious mental 
life as opposed to an outer (third-person) point of view 
has been thoroughly discussed by several authors, 
most recently by Searle [19921. My aim in the rest of 
this article is to concentrate on another aspect of 
mental processes or on their (natural or artificial) re
alizations. This other aspect is related to the variety of 
scales of magnitude relevant, or essential, to these 
processes. For this purpose (and for those who prefer 
the visual metaphor) let me first introduce a new 
imaginary "dimension" corresponding to varying 
scales of space and time. 

5 Scale Dimensions in Nature 

Perhaps we can best start wi th an example: con
sider ordinary, geographical. 2-D maps of the same 
region but of different scales, superimposed one on 
top of another, with larger-scale maps on top of 
smaller-scale maps. 

We can imagine scales (expressed, say. by real 
numbers) without limits both "downward", to the 
small, microscopic and submicroscopic scales, as well 
as "upward", to the large, astronomical scales and be
yond. Assuming, moreover, a dense sequence of 
scales we obtain a continuum represented by a spe
cial coordinate axis. Let us call it the scale axis and 
the corresponding dimension the scale dimension. 

Somewhere in the "middle" of the scale axis exists 
our habitat, the scale-local world of human magni
tudes, our "scale-here". Unlike the ordinary spatial 
"here", the natural "scale-here" has the same position 
on the scale axis for all people (and perhaps for ani
mals of about our size). Both spatial "here" and scale 
"here" are smeared and cannot be exactly localized to 
a point. 

In the same way as we introduced the scale dimen
sion for space, we can introduce the scale dimension 
for time representing various magnitudes or "speeds" 
of time. Again there exists a natural "scale-here" for 
time scales, corresponding to the rhythms of human 
life and thus, under normal circumstances, common 
to all people. In particular, our thought processes 
span the interval roughly between milliseconds and 
hours.2 

6 Things, Events, and Artifacts: Their 
Distribution over Scales 

The scale-local objects (entities of size/or duration 
basically accessible to humans) are a special case of 

2 In fact , the 100 mi l l i second scale has been proposed as the 
demarca t ion l ine between the classical symbo l i c -a lgor i thmic 
parad igm in Ar t i f i c ia l Inte l l igence (above 100 rns) a n d the 
subsymbol ic -connect ion is t ic approach (below 100 ms) 
IHofstadter, 1982]. (My op in ion is t ha t wha t p lays real ly t he 
m a i n role is the i n te rac t i on between d is tan t levels; cf. Sect ion 
13). 
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objects tha t I sha l l ca l l scale-thin, i.e. objects "occur-
i ng " in a l im i ted range of spat ia l or tempora l scales. 
We are used to organiz ing real -wor ld ent i t ies accord
i ng to t l i e i r relaUvely specif ic pos i t ion on the spaUal 
a n d / o r t empora l scale axis and accord ing to the m u 
t u a l re la t ion of the i r posi t ions in to several categories 
The m o s t c o m m o n o f o u r organiz ing concepts are 
th ings a n d events. 

By things, we In tu i t ive ly and typical ly mean those 
enUUes w h i c h are separable, w i t h ident i f iable shape 
a n d size, a n d w h i c h pers is t over t ime. Events, on the 
o ther h a n d , typ ica l l y have a relaUvely shor t du ra t i on 
a n d are composed of the in terac t ion of several, per
haps m a n y th ings (of var ious sizes). However, in the 
wo r l d of a l l scales there is no essential difference: 
t h ings are j u s t long- lasUng events and events arc j us t 
shor t - l i ved th ings (where " long" and "short" are rela
t ive w i t h respect to ou r tempora l scale perspective). 
M a n y o ther ent i t ies (vortices, c louds, f lames, r ivers, 
ne two rks , sounds , bubb les , w inds , ceremonies, meet
ings, wars) have an in termedia te character. 

I t i s cus tomary , w h e n descr ib ing concrete phenom
ena in the wo r l d , to treat t l ie i r spaUal s t ruc tures 
(shape a n d i n te rna l composiUon) and the i r tempora l 
s t r u c t u r e s ( in terna l dynamics and behavior) sepa
rately. Th i s separa t ion , together w i t h ou r scale- th in 
language a n d o u r scale-local perspective, helps con
ceptua l ly , b u t , a t the same t ime considerably nar rows 
o u r percep t ion of real i ty (in a way reminiscent of the 
Bacon ian " idola t r i b u s " - idols of the tribe). 

For i l lus t raUve purposes, let us restr ic t ourselves to 
the case of spa t ia l scale d imens ion . The reader is i n 
v i ted to m a k e h is o w n general izat ion to the tempora l 
scale d imens ion . 

Va r i ous , t yp i ca l objects that we observe in na ture 
can be categorized accord ing to their "d is t r ibu t ion" 
over scales. Let me exp la in what , here, d i s t r i bu t ion is. 
F i rs t , for each s u c h object we ident i fy var ious scales 
re levant to i ts spaUal features, l ike, for instance, sizes 
of i ts componen ts and relat ive distances between i n 
te rac t ing componen ts . Obviously, the scales cannot 
be ident i f ied sharp ly so that a con t inuous func t ion 
over the scale axis with sal ient peaks or elevations 
a r o u n d ce r ta in scales wou ld resul t . Let. us call th is 
f unc t i on the relevance Junction or the {spatial) scale 
spectrum of the object. 

Now, accord ing to the d i s t r i bu t i on of peaks in the 
scale s p e c t r u m we can , in a f i rs t approx imat ion , iden
Ufy fou r basic (even i f no t sharp ly separated) catego
r ies of objects. F i rs t , there are single bodies (stars, 
stones, d u s t parUcles) w i t h only one salient peak in 

, the scale s p e c t r u m (if we ignore the lower, molecu lar 
a n d a tomic s t ruc tu re ) . Second, there are c lusters (gal
axies, c louds , heaps) with two or more sparse peaks 
T h i r d , there are complex systems or organisms, t yp i 
f ied by a large n u m b e r of relaUvely dense but st i l l d is
t i ngu i shab le peaks spread over a cer ta in interval of 
scales ( I sha l l r e t u r n to th is category later). Four th , 
there are scale-homogeneous structures, i.e. objects 
w i U i c o n t i n u o u s spectra (in a cer ta in interval) of rele
v a n t scales. These last s t ruc tu res are relaUvely rare in 

na tu re ; examples are f racta l shapes and also f lu ids 
near Uieir cr iUcal po in ts . 

Up to now, we have classif ied n a t u r a l objects. To ex
tend the concept o f scale spectra to h u m a n ar t i facts 
(tools, engines, computers , houses, cities), we have to 
re interpret the no t ion of (scale) relevance. Obvious ly , 
what mat te rs here is m u c h less the relevance (of va r i 
ous scales) for those objects themselves than the rele
vance for, or f rom the point of v iew of, those w h o 
conceive, cons t ruc t and use them. There are, of ten 
only a few, relevant (in th is sense) scales for s u c h ob
jects, occasional ly separated by large gaps. 

Consider, for instance, the compu te r as a phys ica l 
object. The mos t impor tan t spaUal scale is the local 
scale of users (it is the scale on w h i c h the compu te r is 
designed and meaningfu l ) . Then there are several 
we l l - known relevant scales (of ha rdware arch i tec ture , 
processing un i t s , logic c i rcu i ts , semiconductors , d o w n 
to the scale of q u a n t u m phenomena), each associated 
with a special engineer ing d isc ip l ine and w i t h a spe
cial design and specif icaUon language.3 

Whatever the scale spec t rum in the designers' per
spective is, there is a lways one and on ly one re levant 
scale (peak in the spect rum) for mos t ar t i f ic ia l objects, 
i nc lud ing computers . I t is the local scale "here" of us , 
the users, where the meaning of the object is located. 

Basical ly the same holds for any n a t u r a l or arUf ic ial 
language and , in general , for any symbol ic represen
tat ion (provided h u m a n s can read the language a n d 
can in terpret the symbol ism). Symbols , symbol ic pat 
terns, and syntact ic objects are su i tab le for conveying 
mean ing only w i t h i n a n a r r o w range of scales, beyond 
wh i ch na r row range they are incomprehens ib le . We 
shou ld bear th i s in m i n d w h e n d iscuss ing dif ferences 
between art i f ic ia l and n a t u r a l though t . 

7 Levels and Their Hierarchies 

In the case of complex objects, there is a close rela
t ionsh ip between the i r d i s t r i buUon over scales and a 
h ierarchy of their structural, functional, or descrip-
Uonal levels. In m a n y s i tuaUons in w h i c h we f ind i t 
convenient to ta lk abou t var ious levels, we can also 
d is t ingu ish cor responding scales or ranges of scales, 
spaUal as wel l as tempora l . Accord ingly , Salthe [1991] 
uses the generic t e rm scalar hierarchy whenever the 
levels are character ized by di f ferent scale, as opposed 
to the specification hierarchy with levels based on de
gree of speci f icat ion or general i ty. Whi le a scalar h ier
archy may be based on the par t -who le d is t inc t ion . a 
speci f icat ion h ierarchy is typ ica l ly based on the 
token-type disUncUon. 

I f a cer ta in s t ruc tu re or object has d isUnguishab le 
sal ient peaks or elevaUons in its scale spec t rum, i t is 
na tu ra l for us to associate w i t h s u c h peaks a n d eleva
Uons appropr ia te levels of a scalar h ierarchy. Moreo
ver, because our languages are no t su i tab le for large 

* In actua l comput ing , the tempora l scale spec t rum may be 
more impor tan t . 
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scale span , we develop specif ic descr ip t iona l l an 
guages for p a r t i c u l a r levels. 

To i l l us t ra te th is po in t , let us cons ider a c luster , for 
ins tance a c loud of dus t . S u c h an object m a y be s t u d 
ied on the g lobal level (for example, in te rms of i ts 
overal l shape and size and in te rms of its g lobal p rop 
ert ies, l ike opacity) or on the level of i ts components 
(the d u s t par t ic les , the i r i n d i v i d u a l proper t ies , s u c h 
as d i s t r i b u t i o n , dens i ty , a n d in teract ion) . 

One may . o f course, ask abou t the ac tua l real i ty o f 
levels as s u c h . Do they exist i ndependent l y of ou r 
analys is and desc r ip t i on of objects and events? I be
lieve t ha t somet imes they do. a t least par t ly , b u t that 
somet imes they are, aga in par t iy , ou r men ta l con
s t ruc ts . The sca le - th in wo r l d o f o u r o rd ina ry percep
t ions and t hough ts m a k e s i t d i f f icu l t for us to grasp 
more t h a n a ce r ta in l im i ted range of scales at once. 
For th is reason, a n d o ther reasons, we tend to decom
pose objects o f o u r concern in to s t r u c t u r a l levels and 
events (and processes) in to f unc t i ona l levels. Obv ious 
di f ferences of i nd i v i dua l levels y ie ld d i f ferent descr ip
t ions, d i f ferent languages a n d . eventual ly , d i f ferent 
d isc ip l ines. I f a l l is done proper ly , the decompos i t ion 
m a y m a t c h someth ing w h i c h approx imates the real 
d i f fe rent ia t ion o f na tu re . 

There is one p r o b l e m w h i c b m a y be c ruc ia l for ou r 
u n d e r s t a n d i n g o f comp lex systems: whe the r and how 
can d i s t i nc t (possibly d is tant) levels of a sys tem d i 
rect ly in teract . In the fo l lowing sect ion, I sha l l m a k e a 
few commen ts on th i s p rob lem. 

8 Interaction across Levels 

The scalar h ie ra rchy is c o m m o n l y t reated in sys
tems science w i t h the tac i t a s s u m p t i o n tha t "cons t i tu 
t ive dynam ics at di f ferent scalar levels are largely 
screened off f r om each o ther (non- t rans i t i v i t y of ef
fects across levels)" (ISalthe. 1991 | , p.252), a n d w i t h 
the resu l t i ng belief t h a t " three con t iguous levels 
shou ld be suf f ic ient to u n d e r s t a n d most o f the behav
ior o f any rea l sys tem" (p.253). Th is a s s u m p t i o n and 
bel ief are, in fact, i nc l uded a l ready in the t e rm 'h ierar
chy ' (in con t ras t to 'heterarchy') . Acco rd ing to system 
sc ient is ts , occasional in f luences f r om d is tan t levels 
are genera l ly cons idered as "pe r t u rb i ng f luctuat ions" 
tha t need not be i nc luded in a d y n a m i c a l descr ip t ion 
of the sys tem in ques t ion . I t h i n k th is v iew is inher 
ent ly connected w i t h the exp lana to ry role o f causa l i ty 
in science. 

Scient is ts base the i r u n d e r s t a n d i n g of the processes 
of n a t u r e mos t l y on causal interaction; i t is the p r i nc i 
pa l exp lana to ry a p p a r a t u s Yet the sca le- th in concep
t u a l f i e l d res t r i c ts o u r exper ience a n d i n t u i t i o n more 
or less to an infra-level " le f t - r ight" causat ion : we refer 
to an ear l ier event to exp la in a la ter event. Therefore, 
the ease of t rea t ing the inter-level, m i c ro -mac ro c a u 
sat ion as unp rob lema t i c , indeed the on ly acceptable, 
type of i n te rac t i on be tween levels [Searle, 1992| is 
somewhat s u r p r i s i n g . 

Of course, there are cases in w h i c h i t i s qu i te legi t i 
ma te to emp loy causa l exp lanat ions between levels, 
usua l l y f r o m one level to an ad jacent h igher level. For 

instance: the proper t ies of molecu les cause the 
g r o w t h of a c rys ta l to a specif ic g loba l shape, the d is 
organized movemen t o f molecules causes B r o w n i a n 
m o t i o n of larger par t ic les, etc. B u t one has to be care
fu l about general iz ing th is way o f t h i n k i n g to every
th ing . For example, to say tha t "menta l phenomena 
are caused by neurophys io log ica l processes in the 
b r a i n and are themselves features o f the b r a i n " 
[Searle, 1992] suggest too l ibera l an i n te rp re ta t i on of 
the t e rm "are caused" , even i f we agree, for the sake of 
unde rs tand ing , on a s t rong a s s u m p t i o n , namely , t ha t 
there is a n a t u r a l h ie ra rchy of levels above the neu ro 
physio logical one w i t h some h igher level a t t r i bu tab le 
to the m e n t a l phenomena. 

One of the few theor ies in science t h a t deal w i t h 
inter- level in terac t ions is G i b b s - B o l t z m a n n s s ta t is t i 
ca l phys ics ( the rmodynamics and the s t u d y o f collec
tive phenomena) I t succeeds ra the r by e l im ina t i ng 
the lower (microscopic) level from the macroscopic-
laws t h r o u g h decompos i t ion of the phase space to 
wha t is considered macroscop ica l ly re levant subsets 
and by i n t r o d u c i n g new concepts, s u c h as en t ropy 
(wh ich is, of course, a wonde r fu l t r ick) . As an ind i rec t 
resu l t we ob ta in , for example, an "exp lanat ion" o f 
macroscop ic a s y m m e t r y o f (physical) t ime. Can we, 
however, real ly say that the t ime a s y m m e t r y is caused 
by behav ior of par t ic les? 

There is a w e l l - k n o w n techn ique of renorma l i za t ion 
(cf .e.g. . [Wi lson. 1979]) w h i c h deals w i t h p rob lems 
tha t have mu l t i p l e scales of length . I t is pa r t i cu la r l y 
su i tab le for phenomena near c r i t i ca l po in ts and has 
app l ica t ions in var ious b ranches of phys ics . B u t i t is 
not a descr ip t ive theory of na tu re and , therefore, has 
l i t t le ontological relevance. 

Another relevant area is the s tudy of de te rmin is t i c 
chaos. Here people become more and more used to 
s i tua t ions in w h i c h ext remely t iny f luc tua t ions are a l 
most ins tan taneous ly ampl i f ied to a macroscop ic 
scale. Wha t seems to be a pu re l y r a n d o m event on 
one level appears to be de te rmin is t i ca l l y l aw fu l behav
ior on some lower level. Th i s is (mathemat ica l ly ) a re
cu r ren t s i tua t ion . We can , therefore, take the 
de te rmin is t i c desc r ip t i on as someth ing pe rmanen t l y 
h i d d e n beh ind the scale hor izon, albeit a lways ava i l 
able fo rmal ly for exp lanatory purposes . 

Par t icu lar ly in teres t ing , a n d su rp r i s i ng l y m u c h ne
glected, is the compe l l i ng ques t ion of the a s y m m e t r y 
of in terac t ions w i t h respect to the scale axis. W h y is 
the a r row o f pu ta t i ve causa l i ty , o r o f o ther n a t u r a l i n 
f luences, usua l l y assumed to have a d i rec t i on f r om 
lower levels to u p p e r levels? Is i t the her i tage of the 
c lock -work mechan is t i c concept ion o f the n a t u r e o r 
one of i ts inheren t asymmet r ies? (It s h o u l d be no ted 
tha t no t everybody exc ludes the idea of " d o w n w a r d " 
causa t ion [Popper and Eccles, 1977]). 

In th is respect, we can f ind some i nsp i r a t i on in the 
no t ion of i n fo rma t i on (as an onto log ica l category; cf. 
Bo l im 's concept o f act ive i n f o r m a t i o n [Bohm, 1990]) 
a n d , even perhaps , in the no t i on o f the m i n d (cf Sec
t i on 10). 
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9 Organisms and Brains: Multilevel 
Interactional Structures 

We have used (in Sec. 6) the te rm organ ism for 
n a t u r a l objects w i t h m a n y relevant scales in a large 
in te rva l ; a l ternat ive ly , we can ta lk abou t a relat ively 
dense h ie ra rchy o f s t r u c t u r a l a n d / o r func t iona l levels. 
Moreover, in l i v ing organ isms, t l iere is a s t rong m u 
t u a l i n te rac t ion be tween par t i cu la r levels. Bo th den
s i ty a n d in te rac t i on are c ruc ia l features here. In the 
compute r , for example, t l iere are several p rominent 
levels a n d t l ie re is (some) in terac t ion; b u t there is no 
dens i ty . In the f r a c t a l t l iere may be densi ty b u t there 
is no (physical) in te rac t ion . 

Let us state o u r key quest ion: is i t not the very exis
tence of s u c h a h ie ra rchy of in teract ing levels that 
makes l i v ing o rgan isms (and brains) di f lbrent f rom 
compu te rs , c louds, and fractals? Is i t not perhaps jus t 
th is p rope r t y t h a t makes i t so di f f icul t to submi t their 
behav ior to a mechan is t i c explanat ion? 

1 d o u b t tha t the func t ion , mean ing , and actua l be
i ng of l i v ing o rgan isms can be associated w i t h some 
pa r t i cu l a r level (or scale). Each of these aspects takes 
place equal ly we l l on the level of molecules as on the 
levels of cel ls, organs, ind iv idua ls , social groups or 
ecosystems. I t comes abou t at m a n y d i l ferent scales of 
space as wel l as t ime. 

Cons ider the fo l lowing op in ion of the physicist Bar -
r o w ( [1991], p.97): "There exists a fo rm of h ierarch ica l 
s t r u c t u r e in Nature w h i c h permi ts us to unders tand 
the way in w h i c h aggregates of mat te r behave wi thout 
the need to k n o w the u l t imate m ic ros t ruc tu re o f mat 
ter d o w n to the t in iest d imens ions. " I am afraid that in 
order to accept th is s ta tement we wou ld have first to 
restr ic t cons iderab ly the mean ing of 'unders tand ' and 
'behave'. Otherwise, i f we wanted to apply Barrow's 
statement, to so complex an organ ism as the b ra in we 
wou ld r u n in to p rob lems o f ident i fy ing the dep th be
low w h i c h f u r t h e r levels cease to be signif icant. 

In fact, there is a g row ing n u m b e r of works suggest
ing a ce r ta in relevance to the b r a i n act iv i ty of al l levels 
d o w n to the q u a n t u m scale. For instance Beck and 
Eccles [1992] propose a mechan i sm whereby the 
p robab i l i t y of exocytosis of synapt ic t ransmi t te rs is, 
by means of a q u a n t u m - m e c h a n i c a l tunne l ing proc
ess, in f luenced by m e n t a l events. Incidental ly , i f the 
lower level q u a n t u m effects happen to have a cer ta in 
i m p o r t a n t role in the conscious m i n d , th is may yield 
an a r g u m e n t for the un ique scale locat ion of the over
a l l size of the b r a i n . 

In g e n e r a l o u r cons iderat ions do no t favor reduc-
t i on i sm in biology and psychology. Indeed, to under
s tand life and the m i n d does no t mean to reduce i t to 
some basic components , b u t ra ther to appreciate var i 
ous in f luences, b o u n d s , and in teract ions between al l 
s t r u c t u r a l a n d func t i ona l levels, close as wel l as re
mote w i t h respect to the the scale d imens ion. 

10 The Location of the Mind 

Perhaps a s im i la r expans ion of the scope of view 
m i g h t he lp us to unde rs tand bet ter the na tu re o f the 

m i n d and consciousness, or a t least to avoid cer ta in 
persistent fallacies. One s u c h fal lacy is the belief, he ld 
by some cognit ive scient ists, tha t the m i n d is no th i ng 
b u t a col lect ion of processes occur ing on a ce r ta in 
privi leged level above the level of neurophys io log ica l 
processes in the b ra in . Th is fal lacy is p robab ly caused 
by at least two misconcept ions. 

The f i rs t rn iconcept ion m a y be the over judgement of 
the compute r metaphor . I f someone ma in ta i ns tha t 
the b ra in is a (sort of) compu te r equ ipped w i t h p ro 
grams and that the m i n d is a col lect ion of s u c h p ro 
grams (or processes contro l led by them), t hen he is 
immediate ly d r a w n to the language me taphor ( that 
the programs may be "wr i t ten" in some language). 
And , since languages happen to be sca le- th in (cf. Sec. 
6), i t is na tu ra l to take m i n d to be sca le- th in too, i.e. 
restr ic ted to a specific leve l namely the same as the 
level of (human) commun ica t i on . 

The second misconcept ion may be the con fus ion of 
the in tent ional content of men ta l states w i t h those 
states themselves. Th is content , i.e. topics of o u r be
liefs, objects of ou r percept ions, images of ou r fantasy, 
and goals of our p lans, are p r imar i l y t i l ings of o rd i 
nary size - " th ings w l i i c h a baby can handle and (pref
erably) p u t into his m o u t h " [Popper and Eccles, 19771. 
Mental states are believed to be neurophys io log ica l 
states; because i t is absu rd to t h i n k tha t neurons can 
handle the same th ings as babies, i t is t aken for 
granted that the men ta l level is suf f ic ient ly above the 
neurona l leve l A s imi la r a t t i tude is he ld even by some 
of those phi losophers of the m i n d who are bravely op
posing el iminat ive and reduct ion is t jc mate r ia l i sm. For 
instance, Searle [1992] c la ims tha t "conscious states 
are s imply higher- level features of the b r a i n " (p. 14). 

But is i t proper, in the context of m e n t a l p h e n o m 
ena, to ta lk about "levels" at al l? Even i f we d id no t re
str ict ourselves to the scalar h ie ra rchy (cf. Sec. 7), it 
wou ld be a mis take, I believe, to t reat menta l is t ic 
terms as someth ing that shou ld be, by the i r use, 
careful ly conf ined to a cer ta in "level", "doma in" or 
"subject area". 

Hofstadter [1979] was one of the f i rst au tho rs w h o 
discussed the connect ion between men ta l phenomena 
and a h ierarchy of levels. He r ight ly po in ted to the i m 
portance of inter- level in teract ion on d is tance ( inc lud
ing loops) b u t he wrongly embedded men ta l levels in to 
the scalar h ierarchy of func t iona l levels of the b r a i n 
and lie confused the lat ter w i t h the speci f icat ion hier
archy of ind i rect reference (p. 709). Moreover, h is 
funct iona l "ho l ism" is not qu i te consistent w i t h h is 
own warn ing against the use of nondi t terent ia ted lan 
guage for d i l ferent levels of descr ip t ion, to w h i c h use 
he ascribes the m a n y confus ions in psychology. 

I t may wel l be the other way r o u n d . Perhaps a l l 
these confusions come f rom precisely s u c h s t r ic t f rag
men ta t i on of concepts in to levels. If, for instance, con
sciousness is to be unders tood as a proper ty of a 
body, i t cer ta in ly shou ld not concern cer ta in some or 
another single level b u t the whole l iv ing o rgan ism 
"penetrat ing" t h rough m a n y m u t u a l l y in te rac t ing a n d 
cooperat ing levels, i nc lud ing , perhaps, even the level 
o f q u a n t u m physics. 
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11 The Emergence of Emergence 

I suggested tha t we can l im i t the use of the t e rm 
"ar t i f ic ia l " to those cases in w h i c h there is a clear d is 
t i nc t i on be tween the project and the designer, and 
where an ex te rna l des ign spec i f icat ion is possible and 
b o t h a p r i o r i n t e n t i o n a n d an i n ten t i on in pro ject are 
present (Sec. 2). Th i s appl ies very wel l to the t r ad i 
t iona l l og ica l -symbo l i ca l -computa t iona l A I (n icknamed 
GOFAI - Good Old-Fash ioned AI). 

Recent advances in connec t ion is t a rch i tec tu res sug 
gest an a l ternat ive s t ra tegy w h i c h b l u r s the above d is 
t i nc t i on a n d in w h i c h there is no p r e s u m p t i o n o f an a 
p r i o r i ex te rna l desc r ip t i on o f the s t r u c t u r e o f the task 
[Havel, 1992]. One m a y cons t ruc t a complex d y n a m i 
ca l sys tem in the fo rm, typ ica l ly , of a large n u m b e r of 
m u t u a l l y c o m m u n i c a t i n g un i t s , and then pat ien t ly 
wa i t for an appearance o f some complex emergent 
phenomena tha t m i g h t s u p p o r t ce r ta in processes o f 
thought . Of course, th is type o f t hough t wou ld be 
somewhat a l ien a n d incomprehens ib le to us , and i t 
wou ld no t fal l , in o u r te rms , in to the category o f the 
n a t u r a l no r o f the ar t i f ic ia l . Indeed, i t wou ld not be 
(entirely) n a t u r a l because the requis i te dynamica l sys
tem (connect ionis t ic or other) is ar t i f i c ia l and i t wou ld 
not be (entirely) a r t i f i c ia l because there is no in ten t ion 
in pro ject (cf. Sec. 2). 

Th is a l ternat ive s t ra tegy b r i ngs us to the idea of 
emergent mind. The concept of emergence, especial ly 
in the context of m e n t a l phenomena , deserves a sepa
rate s t u d y There are ac tua l l y three mean ings o f th is 
word , not a lways easy to d i s t i ngu i sh . The t rad i t i ona l 
m e a n i n g in evo lu t ionary theory (G. H. Lewes in 
m i d - 1 9 t h cen tu ry , C . L loyd Mo rgan in ear ly 2 0 t h cen
tury) emphasizes the tempora l aspect: the r ise of a 
sys tem tha t cannot be pred ic ted or exp la ined f rom a n 
tecedent cond i t ions , e.g. the emergence of l ife, of m a n , 
etc. 

In i ts second mean ing , the wo rd emergence has re
cent ly been increas ing ly used for phenomena that ap
pear to be n a t u r a l on a cer ta in level of analys is , bu t 
somewhat resist ( though no t complete ly exclude) the i r 
r educ t i on to an approp r ia te lower level. Typ ica l exam
ples of th is are col lect ive or mass proper t ies: the l i 
qu id i t y of wa te r (a molecu le of H2O is not l iquid) or 
democracy in society (one pe rson cannot f o rm a 
democrat ic system). Of ten th is type of emergence is 
on ly apparen t w h e n caused by the in t rac tab le com
plex i ty o f the lower- level s t r uc tu re . 

The t h i r d m e a n i n g is i nsp i red by the second a n d is 
used of ten as an a r g u m e n t aga ins t reduc t i on i sm. A 
p roper t y (specif ied by a cer ta in theory T,) is sa id to be 
(properly) emergen t i f i t has real instances, i f i t is co-
occu ren t w i t h some p roper t y recognized in a reduc ing 
theory T2, b u t w h i c h cannot be reduced to any p rop 
er ty def inable in T2 (cf. [ C h u r c h l a n d , 1986], p. 324). 
Property dualism is character ized by the conv ic t ion 
t h a t "even i f the m i n d is the b r a i n , the qual i t ies o f 
subject ive exper ience are nevertheless emergent w i t h 
respect to the b r a i n a n d i ts proper t ies" ( ib id, p . 323). 

Let us cons ider the thesis t ha t t hough t occurs as 
an emergent p h e n o m e n o n on some h igher level of a 
h ie ra rch ica l sys tem, w i t h low levels be ing pu re l y 
mechan is t i c . Th is thesis wou ld help mater ia l i s t i c m o 
n i s m avoid the concept o f the sou l as an u n k n o w n 
ghost ly substance, w h i c h is regarded as f low ing or f ly
ing in ano ther wor ld . However, i f the mo t i va t i on for 
t i l l s avoidance is the mere res is tance to accept ing an 
u n k n o w n o r u n k n o w a b l e ent i ty , t h e n not even the 
concept o f (proper) emergence w i l l he lp , a t least u n t i l 
someth ing more i s k n o w n abou t the mat te r . For i n 
stance, as 1 po in ted o u t earl ier, there is l i t t le or no u n 
de rs tand ing of i n te rac t ion be tween d i f ferent levels. 

On the o ther h a n d , the ernergent is t thesis canno t be 
easily re fu ted and we can tentat ive ly accept I t for the 
sake of d iscuss ing the chances of connect ion is t A I . 

12 Collective phenomena 

Global behavior of a connect ion is t sys tem can be 
viewed as a specif ic case of a m u c h more genera l con
cept of a collective phenomenon . Collective phenom 
ena typ ica l ly occur in large col lect ions of i nd i v i dua l 
un i t s , the behav ior o f each u n i t be ing pa r t l y depend
ent on the behav ior o f some other "ne ighbor ing" un i t s . 
The rema in ing , au tonomous p a r t o f th is behav ior m a y 
be based on a r a n d o m a n d / o r ra t iona l i nd i v i dua l 
decis ion. 

The connect ion is t mode l is an example of a one-level 
sys tem (all u n i t s at the same level of descr ipt ion) . In 
cont rast , the concept of a hierarchical collective sys 
tern incorporates the idea of an i terated d iv is ion of 
larger tasks to smal le r sub tasks . Th is idea is n a t u r a l 
for the top -down AI s t rategy ( [Minsky, 1985]), b u t at 
the same t ime i t m a y suppo r t emergent collective 
phenomena. 

Accord ing to the weight of the a u t o n o m o u s pa r t o f 
behavior o f i nd i v idua l un i t s , we can d i s t i ngu i sh two 
opposi te modes of g loba l behav ior or, us i ng the l an 
guage of s ta t is t ica l phys ics , two phases: 

(1) the r ig id , bu reauc ra t i c sys tem of p r im i t i ve obed i 
ent agents (low au tonomy) , a n d 

(2) the chaot ic, anarch ic sys tem where everyone 
does whatever he l ikes. 

(Cf. [Dennet t , 1991], Chap te r 9). Va r ious d isc ip l ines, 
f rom phys ics to the socia l sciences, o i ler m a n y exam
ples of m i xed or in te rmed ia te cases. For ins tance, we 
m a y have a sys tem of in i t ia t ive agents, compe t ing for 
recogni t ion, each w i t h h is o w n idea, wh i le a t the same 
t ime al l are at tent ive to the ideas of the i r col leagues. 
In a r ig id sys tem, a good, n e w idea c a n occur on ly 
w i t h great d i f f icu l ty ; in the chaot ic sys tem, i t i s a lways 
lost; bu t , in the in te rmed ia te sys tem, i t m a y propagate 
easi ly t h r o u g h large areas o f the ne twork . In phys ica l 
sys tems we encoun te r s im i la r s i tua t ions near phase 
t rans i t i ons [Li t t le, 1990] . A great dea l of a t t en t i on has 
been recent ly pa id to the in te rmed ia te case, ca l led the 
edge of chaos, fea tu r ing in te res t ing proper t ies , a m o n g 
t hem a sor t of evo lu t ionary s tab i l i ty . 
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Collect ive sys tems w i t h h igh ly paral le l act iv i ty are 
in te res t ing a l ternat ives to c lass ica l ser ia l-
c o m p u t a t i o n a l models . Dennett [1991] uses the idea 
of m u l t i p l i c i t y of compet ing agents (called homuncu l i ) 
in h is theory o f consciousness. Collective systems 
have ext remely large combina to r ia l complexi ty (the 
n u m b e r o f g loba l states grows exponent ia l ly w i t h the 
n u m b e r of un i ts ) . S u c h a complex i ty is not, however, 
a d isadvantage. I t y ie lds redundancy and redundancy 
suppo r t s sel f -organizat ion and sel f - improvement. 

Ano the r in te res t ing collective phenomenon is the 
emergence of i s lands of cooperative behavior or altru 
ism in a large set of egoistic ind iv idua ls [Axelrod. 
1984]. 

13 Towards a Scale Holism 

Let me conc lude w i t h a few more or less speculat ive 
r e m a r k s . 

I canno t resist a suspect ing that the term "emer
gence" is c u r r e n t l y used most ly to conceal ou r igno
rance of l i n ks between ent i t ies on a cer ta in, relat ively 
we l l -uders tood level, and ent i t ies observed or as
s u m e d on the next h igher level (for reasons to be seen 
soon let us cal l i t the f irst-order emergence). There is 
no th i ng w r o n g w i t h s u c h us ing the te rm provided i t i s 
just a f irst step in f u t u re reserach, at least in two 
d i rec t ions. 

One d i rec t ion cou ld be to s tudy more thorough ly the 
n a t u r e of those l i nks . We may ask, for instance, to 
wha t extent is the f i rst-order emergence (from lower to 
u p p e r level) reduc ib le to phenomenona studied in 
non l inear d y n a m i c a l systems theory, l ike, let us say, 
great ly ampl i f ied f luc tua t ions . 

A second d i rec t ion cou ld be, I believe, of more c r i t i 
ca l impor tance , especial ly i f we want to s tudy such 
evasive ent i t ies as m e n t a l phenomena. I have argued 
above (in Sec. 9) tha t cer ta in complex systems (organ
isms, bra ins) shou ld not be unders tood as scale- th in 
objects, bu t , ra t t ier , as s t ruc tu res penetrat ing 
t h r o u g h m a n y scales and featur ing interact ions 
t h r o u g h m a n y levels. Th is a rgument suggests good 
reasons for i n t r o d u c i n g a new type of emergence that 
I sha l l ca l l the second-order emergence. An ent i ty is 
second-order emergent i f i t is not associated w i t h 
some pa r t i cu l a r level bu t arises f rom global interac
t i on of m a n y levels of some scale-extended complex 
sys tem. 

My thesis is that, i f the m i n d admi ts of physical ist ic 
or na tu ra l i s t i c u n d e r s t a n d i n g a t a l l , then such under 
s t and ing shou ld be in te rms of the second-order 
emergence ra the r t h a n the f i rs t -order emergence. This 
appl ies also to i ts essent ia l components , conscious
ness for example. 4 

One pa r t i cu l a r example m igh t i l lust rate the point. 
One of the most impor tan t components of the m i n d is 
memory . Th is , or ig ina l ly mental ist ic, concept is now 
more and more used as a feature- of a phys ica l system 
- e i ther the b r a i n or the computer . In fact, the 

4 I am not concerned here with the question of subjective 
nature of the mind. 

knowledge-memory d is t inc t ion is an in te res t ing var ia
t ion on the m i n d - b o d y d is t inc t ion . I f knowledge were 
emergent on a cer ta in specific level of the scalar h ier 
archy, the next lower level wou ld p lay the role of a 
subst ra te for syntax: i t wou ld house meaning less 
s t ruc tu res w i t h combina tor ia l features a l low ing su f f i 
cient d i f ferent iat ion and ass ignment o f a tomic u n i t s o f 
mean ing. Not only th is ass ignment b u t even the com
b inator ia l features can be specif ied on ly by means of 
an external act iv i ty (of a designer or observer) w h i c h 
cannot be an outcome of spontaneous emergence. (In 
th is respect cf. ISearle 1992|.) 

Therefore a t ru l y emergent knowledge has to have 
an extended presence over m a n y levels or over m a n y 
scales w i t h smooth downward degradat ion of a local 
semant ic content. Th is can take place in a ra the r r u 
d imen ta ry form already in d is t r ibu ted connect ion is t ic 
systems, where very low-level objects (uni ts and con
nections) are bearers of a m i n i m a l semant ic content , 
undetectable b u t "ampl i f lable", typ ica l ly t h r o u g h the 
cooperat ion of m a n y objects [Havel, 1990]. 

Some researchers hope tha t by incorpora t ing the 
connect ionist ic or cooperative approach in to A I , one 
may achieve subs tan t ia l progress in the general 
project o f the ar t i f ic ia l m i n d . Perhaps the i n t r oduc t i on 
of these approaches can be considered as progress, 
not, however, towards any th ing a r t i f i c i a l and p roba
bly not s igni f icant ly towards wha t is essent ia l abou t 
m i n d . 

As I have t r ied to clar i ty, the ar t i f i c ia l involves b o t h 
in ten t ion and project, and the project involves b o t h 
specif icat ion and so lu t ion. Now, overcoming the speci 
f icat ion issue (lack of descr ipt ive means) by cons t ruc t 
ing only a lower-level subst ra te (for ins tance an 
ar t i f ic ia l neura l net) and , then, by le t t ing emergence 
work is a great idea. However, th is st rategy tends to 
el iminate the designer's in ten t iona l component . 
Moreover, such "hyb r id " methodology w o r k s only in 
the case of f i rs t -order emergence. I f i t t u r n s o u t tha t 
the second-order (scale-holistic) emergence is a neces
sary component o f the m i n d , the h y b r i d methodology 
wi l l fai l , unless, of course, we discover the means for 
"creat ing" scale-extended objects - real organisms. 
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