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DISCOVERTIES

Proceedings of Second International Symposium

Rome, 7 -~ 11 November, 1977

PREFACE

The Second International Symposium organised by the
DISCOVERIES Project of the Honda Foundation took place from
November 7 to 11 1977 in Rome, under the auspices of the Italian
National Research Council (CNR). The detailed arrangements were in
the hands of a local Organising Committee chaired by
Professor Eduardo Caianiello of Salermno Universi£y+. There were

some 40 participants (see Appendix 1).

The programme of the Symposium -(Appendix 2) was basically
devoted to the relationships between cultures and society and the
apparent crisis of credibility between science, technology and human
wellbeing. 1In five sessions plus a final vigorous panel dis¢ussion
with participation from the floor, the dilemmas of scientific
and technological progress unmatched (it was generally agreed) by
advancing humanity and developing human culture were analysed,
expla#ned and debated by pure scientists and mathematicians,
philo;ophers and sociologists, technologists and medical doctors
and others, representing disciplines which all too rarely work
together or recognise their problems as parts of an interrelated

whole.

Other members of the Committee were : Vice Chairman, Prof. T.T. Segerstedt,
Rector of the University of Uppsala; Members : Dr. Guido Botta, University

of Social Studies, Rome; Prof. Piero Caldirola, University of Milan;

Prof. Vincenzo Caglioti, Italian National Research Council; Dr. Enzp di Guilio,
President, UNICHEM, Italy; Prof. lmigi Mendia, University of Naples; Prof.
Father Pittau S.J., Rector of Sophia University, Tokyo; Managing Director,

Dr. Livio Biagini; and Secretary General : Prof. Shuhei Aida.
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This book is a record of the papers presented at the
Symposium and the discussions which followed. If at first
reading it gives the impression that few positive conclusions
were reached, it may be remarked that at least some major problems
were identified and defined to a degree which surprised even some
of the participants. But a deeper reading will further reveal
the elements of new strategies, as yet seen but through a glass
darkly, which future symposia are hoped to bring more clearly
into focus and comprehension.

Above all, and throughout the Rome meeting, there was a
clear consciousness that it would not be enough to order the
world so that its foreseen stable-state population (estimated
by the United Nations as 12,000 millions, expected to be reached
about the middle of the 22nd century AD) would be able to be born,
adequately fed and educated to survive in a more and more ant-
like community, and finally to disappear virtually without trace
after 70 to 80 years. Besides discovering Eg! this could be achieved
without intervening disaster, it was fundamentally neoessary to
examine why it was a goal worth pursuing.

Thus the Rome Symposium concerned itself not only with
science and technology, mathematical and philosophiéal techniques
and methods, but essentially with moral, ethical and religious
(in the widest sense of the word) aspects of life, culture and
civilisation. That was a true interpretation of the objectives
of the DISCOVERIES Project, which is devoted to the "humane® use of

human beings" for the betterment of all mankind and his world.



In preparing the chapters which follow, the editor has
made every effort to record what was said by the various partici-
pants, working from papers made available, transcriptions of
tape recordings, and his own recollections of the sessions.
However, he has in many cases been obliged to shorten, and in
some cases modify initial material in order to convert the spoken
work into a coherent written record.

Wherever possible this has been done in consultation with
those concerned. Nevertheless, if on occasion the published texts
are not in exact accordance with what was said, the responsibility
rests entirely with the editor, who offers his humble excuses and

apologies.

bma



INTRODUCTION

Opening Session of the Symposium

The Symposium was opened ﬁy Dr. Livio ﬁiagini,
Managing Director 6f the meeting, who veléomed all participants
and in particular thanked His Excellency the Japanese Ambgssador
in Rome, Mr. Fujljama, for his presence and for bringing a
special message from the Prime Minister of Japan Mr. Takeo Fukuda.

Dr. Biagini also expressed the thanks of all presept for
the arrangemente made by the Organising Committee and thep asked
the Symposium Chairman, Professor Eduardo Caiaﬁiello (who also

chaired the Organising Committee) to address the session.

0000000

Professor Caianiello

Mr. Chairman, Mr. Ambassador of Japan, ladies, gentlemen.
It is both my obligatibn'and my special honour, as well as a
particular personal pleasure, to thank all those who, by their
presence here today, themselves honour this manifestation and
affirm the validity of the assumptions behind our Symposium.

The initiative for our meeting was born rathér as a
stroke of lightning. Last year I, and some of you, were in
Tokyo participating in a first "DISCOVERIES" symposium which the
Honda Organisﬁtion had arranged -if I may say so, in the truest
‘ fraditions of activities in all fields of industry, trade and

human endeavour. That Tokyo meeting brought togethervreprééentatives



of thought coming from all parts of the world, though without
at that stage trying to specify that it should be humanist,
technological, scientific; philosophical or of some other kind.

I think the first great surprise for all of us who met
on that occasion, certainly my own personal surprise - for which
we all paid tribute to Dr. Honda himself - was to find that this
meeting was not like "ordinary" meetings, where everyone is waiting
for the end of the sessions so as to meet and talk privately
with friends. Everyone present was deeply interested from the
start, and I recall at a certain moment we saw Dr. Honda telephoning
td cancel all his other commitments for the whole duration of the
meeting : from.the beginning right to the end, he was a most
attentive and most careful observer and one of the meat acute
interlocuters.

After this it was decided to make the Symposium the first
of a series, at the same time broadening its Ecope to a fully
international aspect and setting it the task of trying to work
out concrete proposals, pragmatically\oriented proposals, to
analyse world problems of humanity and to reach pragmatically
useful conclusions. Noble aims, truly noble! I may seem to be
rhetorical, but I really believe in the nobility of this initiative.
For we are seeking the causes of our problems and difficulties
beyond the obvious disasters and effects brought about by mankind -
through lack of proper planning or maybe through an excess of
prlanning; rather, we are looking at those disasters caused when
two different cultures, intellectual or moral appraaches, come

into contact with each other.



It is not up to me to draw up a list of these things; a
partial list will be indicated from time to time by various
participants in the Symposium. But there are certainly many
things to be studied, and many attempts have already been made.
Here in Rome, for instance, we have the headquarters of the
Rome Club, where some really sensational, dramatic initiatives
have been taken which have had the great merit of stimulating
widespread interest on many extremely important subjects. As
for the credibility which may be given to certain forecasts,
each one of us is of course free to have his own personal opinion :
we are all aware that there are shortcomings in these forecasting
attempts, particularly the arbitrary choice of the data to review,
not knowing which data are more and which are less important, or
whether there may be certain data we have not yet thought of
including. Another shortcoming is that we may tend to think that
today's mathematics, especially as related to the science of
cybernetics; are really the final instrument; in fact mathematics
are no more than invented symbolism for the more or less precise
representation of the world about us and of our concepts of that
world.

This may be particularly well seen in cases where the
mathematician and the physicist, often merging their operations
together, have given us special and precise mathematics with
which to study the interacting forces of nature. At the same
time we can understand the nature of the cosmos, or of nuclear
particles.  But we cannot use this same symbolism for the study

of complex social phenomena.



A further shortcoming is the fact that these things have
been developed almost exclusivelyiby persons belonging to Western
society. Western society has obtained dramatic results, sensational
results, but at what cost? That is a question needing an urgent
answer, an answer which may well be essential for the survival
not only of the West, but of the whole world.

We have invented the word "ecology" in the west, but a
much broader word, with a broader and more "beautiful" content
(which clearly includes the concept of. ecology) is harmony. . The
word harmony has always been the foundation of humane thinking...
and man being part of nature, no humanitarian would ever think
of going aginst nature, or of violating nature to the advantage
of man,

But we need to be constantly examining our methods of
thinking. A few days ago Mr. Biagini, who is a great traveller,
told me about what he saw in a Zen temple in Japan, and about a
particular personal experience. It seems he was in a very dark
room and they were discussing Zen. When he spoke he spoke as
Western people speak, as the Latins speak, with great enthusiasm.
Suddenly, a Zen monk struck with his hammer a large bell, and as
the sound reverberated through the room, the monk asked him :
"What has happened?" And then as an engineer, a technician, he
began to speak of the propagation of sound and he found so many
responses that the monk smiled and said : "But you are_ﬁistaken :
the whole thing is the question rather than the answer... and

what started my own mental activity which stimulated me to pose



my question". I think this should be compared with a remark by
Poincaré, one of the most illustrious mathematicians of his
century®, who said that a properly posed question is already three-
quarters an answer.

Now we are here to pose guestions, and to endeavour to
find answers... but in a pragmatic spirit which seeks to continue
its enquiries through exchanges of view, which should take into
account previous experience and which we should try to use.to
enrich our knowledge and understanding of the community. We
are here so that each one of us can pose questions, and each of
us can give answers. And this of course should lead us to
something concrete : I believe this is guaranteed by the fact
that representatives of both the West and the East are gathered
together here - representatives of Western culture and of Japanese
culture, as well as people from other parts of the world.

As evidence of the seriousness with which our
meeting is taken, we have with us the Ambassador of Japan in
Rome, Mr Fujijama, who is honouring us with his presence and
bringing us an official message. I will now ask Mr. Fujijama

to address us.

Ambassador Fujijama

Mr. Chairman, Dr. Honda, ladies and gemtlemen : It is a
great honour for me to say a few words at the opening of this

DISCOVERIES International Symposium. I find special significance

* Poincaré Henri (1854 - 1912)

French mathematician, renowned for his discovery of Fuchsian
and Kleinian "automorphic" functions




in the fact that it is being held here in Rome which, in view
of the Symposium's objectives, is clearly a most right and
proper place. For the origin of European civilisation lies
right here, and Italy, while maintaining her glorious and old
cultural traditions, has always created a new civilisation from
among  them.

As representative of my country in Italy, it gives me
a great pleasure to be here today... “ut my honour and pleasure
are further increased by the fact that President Honda, sitting
next to me, is the promoter of the coaference.

The dbrilliant achievements attained by Dr. Honda as
President of Honda Motors are too well known for me to speak
about : he is one of the Japanese for whom I have always had' the
greatest respect. But I am now struck with even higher respect
and awe on learning that he. is not only a great engineer and
business man, but also a true man of culture in the international
field, who is devoting himself to such problems as how the human
beings of the world should be in days to come.

Expressing my earnest wish for the success of the present
Symposium and also for the further progress of the DISCOVERIES
Project, in the future, I would now like to read a message specially
addressed to this Symposium by Mr. Takeo Fukuda, Prime Minister of

Japan.

MESSAGE
At the opening of the DISCOVERIES International Symposium

1977, 1 sincerely wish the Symposium every success. I believe its



results will throw new light on various problems which mankind
is facing.

On the one hand the development of technology and
civilisation is causing increasing spiritual problems : on the
other hand, conventional methoddlogy alone is not able to show
the way to a solution. So we must subject our ideas to new
criteria, re-evaluate the old and the new, and then try to recon-
struct them all.

Never before have we faced a period in which combined
international and interdisciplinary efforts are so much needed.
I am, therefore, expecting the discussions of the eminent
specialists here presenf to be particularly meaningful.

November 1977, Japanese Prime Minister, Takeo Fukuda.

Professor Caianiello

And now, I hope Dr. Honda himself will say a few words

about the origin of this Conference and his ideas for the future.

Dr. Honda

Mr. Chairman, Mr. Ambassador, Ladies and Gentlemen :
It is with great pleasure that I welcome you to the DISCOVERIES
Symposium in Rome today. It is an honour for me to be able to
meet personally so many renowned and eminent persons and I would
like to express my very sincere thanks to the Rome Committee members,
who have made all the necessary arrangements.

I have initiated the DISCOVERIES Organisation for the

following main reasons.



The 20th century has seen a great expansion in the field
of finance and technology; the human lifestyle has become richer
and easier; but this technological progress has come about with such
speed that it has created many serious and complicated problems.

Many people have benefited enormously from this techno-
logical progress, but at the same time have tended to lose the
aptitude of thinking and acting for themselves. It is due to this,
in my opinion, that so many problems remain unsolved in our world
today.

One can of course refuse all modern-day technology and
thus avoid the harm this creates in certain spheres. But we
would not find it comfortable to abandon this affluent and
convenient way of life, which after all is the result of so many
human ideas and efforts.

So, if it is technology that is causing our problems, it
is technology which should help solve them. Being a’technical
man myself, I feel this very strongly. At present I am deeply
concerned about the problems of safety, and in the papers which I
have brought here this time you will find that I have enumerated
a few concrete proposals on which I will value your opinions during
the Symposium. But this is only a small thing and I know that
there exist many more serious and comlicated problems and it is
absolutely vital to pinpoint the most pressing of these and to
attack them with the utmost urgency.

To create a round-table for free discussion by such bril-

liant brains as yours is the least I can do.  This Symposium in



Rome is the second of its kind, following the one held in Tokyo
last year. The third and fourth will be held in Paris and
Stockholm respectively. By the time we reach Stockholm I hope
we will be ready to launch an appeal stating the key problems
and the possible solutions to them.

In order to help your ideas and methods become reality
I am prepared to contribute as much as I possibly can with my
personal endeavours. In the hope of being able to continue
the activities of DISCOVERIES we have created a Honda Foundation,
the formalities of which are under way.

We have the honour of acknowledging the presence with
us today of Mr. Fujijama, the Japanese Ambassador to Italy,
and we have received an encouraging message from Mr. Fukuda,
the Japanese Prime Minister. Last but not least I would like
to offer my personal thanks to all of you who are helping to
; make my gmall idea become a fait accompli, and from whoﬁ I expect
many concrete ideas and proposals to make modern civilisation live

again in good health. Thank you very much.

000000000
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CHAPTFER 1

First Working Session : Culture and Society

The first Working Session was devoted to "Culture and
Society" and examined in particular thke viewpoints of the
Anthropologist, the Scorniologist, the Structuralist, the Planner,
and the Marxist Historian.

The Session was chaired and opened by Father John Carrol,
Dean of the Faculty of Social Sciences at the Gregorian University

in Rome.
000000000

Father Carrol

If T may offer a brief introduction ten our theme this
morning, which will more or less be a vision of snciety as seen
by certain social scientists, I would like first to refer to some
archneological research which has been done in the Philiﬁpines,
where T have myself worked for many years, in a number of caves
in South-Eastern Palawan facing towards Vietnam, where archaeo-
logical digs have uncovered evidence of human habitation going
back more than 50,000 years. To me, one of the most remarkable
findings under those cave floors was that in all those 50,000 years
of human habitation - right up to less than a century ago - there
seems to have been almoét no change in the technology of the people.
The basic tool, a stone tool, seems to have been identical at the

end of that period with the tool used at the beginning.



S 11,

Now if we compare thse 50,000 years of technological
stability with the changes that have been observed in the life-
times of all of us here, I think we will realiSe that there has
been a qualitative shift in human culture. We may recall, for
example, that in the year 1927 the greatest achievement probably
in transportation technology was the achievement of one man who
entrusted his life to the reliability of a single gasoline engine
for some 27 hours through the darkness and the rain of the North
Atlantic route in the first transatlantic flight. In the suc-
ceeding 40 or 41 years, all the advances in technology which
make the difference between a transatlantic flight and a moon
flight were accomplished; the advances in rocket power, in the
development of metals, in navigational instruments, recovery systems,
all of these were accomplished in those 40 or 41 years and in fact
the first men to walk on the moon were born within a year or two
of Lindbergh's flight.

So, as I say, if we compare the technological stability
which has been the story of the human race until modern times with
the extremely rapid changes in technology today, we are bound to
conclude that some radical changes have been forced on to human
culture. As I reflect on this I am brought back to an insight
that I had some 9 or 10 years ago on a Christman Eve, as I looked
up at the moon and heard on the radio the voices of the first astro-
nauts reading back to us, from moon orbit, the first lines of the
Book of Genesis. As I reflected on that moment, perhaps the highest

point in scientific achievement up to then, with those men reflecting



12,

back on the book expressing their belief in He who is the hegin-
ning and end of all of this, I had an insight, a Teilhardian
insight if you wish, reminiscent of the work of Teilhard de
Chardin®*. At the same time I felt a certain disappointment and
even a certain sense of guilt as I recalled some lines written
by a former professor of mine, years before, that astronauts
would reach the cold moon long before society had succeeded in
lifting the burden of poverty from the brow of the human race
and assuring human dignity as the birthright of every human
being born on this earth.

This ambivalent reaction, a sense of thrill at the achieve-
ment and a sense of disappointment, even'guilt, at the priorities
that had been chosen, is to me symbolic of the situation of the
world today, symbolic of the problems which we shall be tackling
in this our seminary. Impressive as the scientific achievement has
been, and impressive as human progress has been, it takes place in a
world blighted by selfishness, a selfishness which, individually
and among groups, seems to enter into the fabric of the whole
process. It may seem that these reflections are perhaps more
appropriate to my role as a priest and clergyman, rather than as
a snciologist and chairman of a scientific panel, but I certainly

feel for myself that they are appropriate to the latter, for our

* Teilhard de Chardin (1881 - 1955)

French Jesuit philosopher, noted for his concept of physical and
biological evolution of the universe leading to unity and fusion
with God,
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task in this Symposium involves accepting the perversity as well
as the idealism in man, the malign and conflictual as well as the
benign and consensual face of society, and trying to enhance the
effectiveness of the second of these dualities, while limiting
the mischief done by the first.

With these few introductory remarks, I now turn the podium
over to Professor Apostel, who is Professor of Philosophy and Logic

at the University of Ghent in Belgium.

Professor Apostel

Mr. Chairman, Ladiees and Gentlemen : It seems perhaps
rather awkward to begin this Symposium dedicated to the future of
mankind by speaking about its past, but it is my belief that we
cannot hope to master the future if we have no insight into the
past, and I am also convinced that there are no human sciences
that have no historical dimension, Indeed, any attempt to develop
human sciences without historical dimension to separate the dia-
chronic from the synchronic (aswe are sométimes calling it) is
doomed to dismal failure. So I do not really feel too guilty about
starting in this way.

My presentation will have three parts : first, 1 am going
to talk about the historical process as it existed in the past,
that is, history in the objective sense of the word. Secendly, I
am going to talk about the historian, or rather historians as a
collective group coming to the knowledge of this past development;
and thirdly, as you have probably guessed, I am going to talk

about the interaction between the historical process and objective
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history on the one hand, and the collective group of historians
on the other.

So, first, the historical process. And as you have
heard I am supposed to look at this from the point of view of
historical materialism., T think this point of view is extremely
fruitful, bvt I also think it has not yet been really adequately
developed, so the few remarks I am going to present are intended
to show why it is so difficult to write history from the point
of view of historical materialism, why you could so easily simplify
too much and why, nevertheless, you should do it in that way. And
I am not going to use the terminology or the phraseology of Marxism,
but I am going to use (though not too much) a terminology that will
perhaps be more familiar and more sympathetic to you all, the
terminology of systems theory in so far as it has some dynamic
implications. T do not like "isms", but let's be non-dogmatic
about the "ism" I am goiﬁg to use.

First then, historical materialism certainly looks at the
historical process, considering it to be an auto-dynamic process.
(Please forgive these strange words : I call a process auto-dynamic
if its causes of change are internal and not external.) You could
of course consider history to be due to the series of changes
societies undergo. You could consider it to be due to external
influences:climatic, biological or geographical influences; psycho-
logical influences or even theological influences. But I believe a
more fruitful point of view, and this already leads a little towards

historical materialism, is to consider history - the continuing
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change in human societies - as an auto-dynamic process...as a
process which has its causes in itself, change being necessary
because of the internal structure of the social systems concerned.

Second remark : if history is an auto-dynamic process, it
must necessarily be a conflictual process, because structures
do not have any cause or forms by themselves. Thus, besides
the political, social and economic forces preserving the present
state of our society, if the process is auto-dynamic, there must
also be, within this society, forces aiming to change the present
equilibrium, because it is unstable. 1 believe, in fact, that
history is the sequence of states of a system which is always
unstable.

Now if this is true, then it follows that we have conflict
with us for ever, and this is another feature of historical materi-
alism. It is such a feature rather than, let us say, a featurg of
Marxist eschatology. I feel myself that the insights of Mao Tse-Tung
are much deeper than the insights of those we might call more
optimistic Marxists. He will never claim that future socialist
societies will always be free of antagonisms or conflicts; he
hopes they will not be as harsh, or as destructive as in our times,
but certainly he will deny that dialectics will come to an end.

So the unending dialectic, the unending conflictual struc-
ture of history is the second point of view and to my mind it is
an immediate consequence of the auto-dynamic character of history.

The third point of view is that societies, human societies as
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wholes, are open systems - and indeed open systems formed from
other open systems, and being open systems they are in strong
interaction with their environments. Now the interaction with
the environment, the changes by human societies in their environ-
ments and the changes introduced by the environments in human
societies, are mediated by technology. An open system is

always dominated by its exchanges with its environment, and this
leads to another tenet of historical materialism, that technology
is thedriving force of history. This is what is called the
materialistic aspect - it is not a metaphysical tenet, but simply
a consequence of the fact that an open system very deeply depends
on its interactions with its environment.

Now this open system, if it can evolve indefinitely, must
surely be a system with renewal, to use a word which has been coined
by mathematical demographers. So the system renewing itself -
keeping, let us say, some of its structure unvaried but changing
its elements ~ must be a system characterised by its forms of
reproduction. And now it is very easy to see why historical
materialism has introduced the idea that modes of production and
of reproduction of a society determine its development.

Another tenet which is also very central to historical
materialism, and again is simply a consequence of the fact that
human societies are open systems in development, is that you
cannot understand any fragment of this development without looking
at the whole of it. You cannot understand the history of art
without looking at the history of the family or of production or

of industry. And inversely, you cannot understand the development
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of industry without looking at other things, even philosophy.
Please allow me one anecdote : the builder of the Golden Gate
Bridge in San Francisco was a convinced Hegelian... he saw

the blueprints of the bridge, and the different stresses and
factor interactions that went into the design, as consequences
of his Hegelian convictions, and he wrote an autobiographical
book about it.

Most of you in our meeting here are technologists
well, you should not forget that technology is influenced by
philosophy, just as we philosophers should never forget that
philosophy is influenced by technology.

So - let us Yook at historical development as a totali-
tarian development, as a whole, a development of wholes. Surely
this is not an impossible concept because not everything depends
with equal intensity on everything else in society. Rather it is
a very useful point of view... and now I think is the moment to
stress that many attempts at "historiography" from, let us say,
the Marxist point of view, suffer from not knowing enough Marx.
They do indeed consider economic factors to be important for the
explanation of the superstructure as they call it, but they never
stress sufficiently the influence of the superstructure on the
substructure, as Marx would always have it; because it is the
whole which develops, not a part,

Now if you look at these various points of view : history
as an auto-dynamic system, a conflictual system, an open system

driven forwards by its relationship with its environment; but also
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history as the development of a global system, well then you
have historical materialism. But you also bhave to admit that
the mathematics of historical materialism are not yet with us.
There is no general dynamics theory of systems in general : for
societies are at least multi-level systems and on each level
there are specific types of globalisation, with these levels
again globalised with each other. There is some interesting
speculative literature on this topic, but a general dynamics
theory of such hierarchicised dynamic decision-making systems
is not with us yet. So this is the first intellectual obstacle
which prevents historical materialism from getting where it should
be : namely, we do not have the mathematics.

That is my first point, from which T will now derive a
message for you, supposing that most of you will not be Marxists.
By my remarks I hope to have shown you that you should loockat
Marx, not from a dogmatic point of view, not taking over his words,
not repeating his claims - his insights - but as a kind of fore-
runner of dynacmic systems theory applied to human societies., I
hope the mathematicians and physicists among you will have something
to contribute to the development of historical materialism, even
if you are not at all historical materialists.

My second point is that I do not want you to think T would
like to consider history from the point of view of having no point
of view. History is not an indifferent development that occurs

before our eyes when we look at our own pasts. It is the development
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of mankind, and we are man. So we should look upon history as
upor the development of systems of agents, and we should think
deeply about the concept of agent, of actor, of purpose, of tool,
and we should develop a general theory of action. There are a few
logicians working today (in various parts of the world) to develop
a theory of action that is formally precise. Progress as yet has
been slow because of the difficulty (impossibility) of formalising
the concept of alienation.

This is a typically Marxist concept, but a concept you all
know. This whole colloquium is about alienation. When you look
at the titles of the other panels they are all examples of alienation.
Now let me define this difficult word in a very short phrase
alienation is what happens when an "actor" -engages in action
towards a certain purpose, for which he has to work with certain
materials and instruments that compel him to change his purpose.
Alienation is what happens to an agent or group of agents when the
very instruments or materials they use make them forget their
original objectives and instead become subservient to their own
instruments.

This is what our symposium is all about. I was very much
struck by the idea of iatrogenic diseases : diseases caused by
attempts to cure diseases. This is a perfect and magnificent
example of an alienated action. Now, a theory of action developed
into a theory of alienation should be able to give us a framework
for a history that would be the story of the production of all

alienations and of their overcoming. And, let me remind you again,
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alienation is with us forever. There is no unalienated society
(here I deviate extremely from Marxist eschatology) - the forms
and the intensities of alienation could change but not alienation
itself. Here I am a Hegelian and not a Marxist. I regret that I
cannot be more optimistic.

This completes the first part of my talk, and you will
have seen already that there is a dialectical or conflictual
feature in it. At the start I talked about systems as if I were
looking at minerals ; later I talked about human beings, agents,
being alienated from their own purposes. So this structure of
the talk is already dialectical.

But so far the dialectic is in the object. Now I am going
to be Kantian : I would not recognise the enormous importance of
Kant if I did not consider the subject as crucial, and this is
another feature. So I come to the second part of my talk - another
feature of Marxist epistemology in general and historical episte-
mology in particular - that the subject is recognised in full and
yet objectivity is still preserved. To me this is a very important
achievement : we have to recognise that only certain collectivities,
certain societies, develop & history : those who need it, those
who are undergoing strong change depending upon their own past.

But not all societies develop histories; and within those that do
certain sub-groups are, we might say, delegated to develop the
histories, these models of the societies' past. And the sub-groups
are not simply "spirits": the sub-groups have their own social
structures, they are in relationship with the authorities of their

society and with the producing centres of their society.
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In fact, every society gives to historians the materials
it wants to give. Consider (at a very simple level) the policies
of libraries. As an example I think the Vatican library will not
release (divulge) many documents until they are one century old.
Similarly, I believe most secret documents of national states
are made public only after 50 years. But there are exceptions,
so there is a selection of the kind of sources which are given
to the historians, giving the historians themselves certain axes
to grind.

So I defend three theses
- ‘history is always thoroughly relativistic;

- if you have many sources you cannot use them all, so you have
to select; and
- if‘you have few sources, like for example historians in the
Middle Ages, you can never hope to reconstruct real development
as it has been.
So you have to select and dream:for certain parts of history you
have to select, and for other parts you have to dream. Aﬁd your
selections and your dreams are bound to be the expressions of your
social and personal situation, and of the amount of your information
in non-historical fields.

So, I think we have established that all history - or at
“any rate all "practical" history - is fundamentally relativistic.
It is the history of one society by one sub-group of that society.

But now the complementary thesis : history is also thoroughly
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objectivistic. Because the very same sub-group is able to discover
its own place in the social system, and by discovering its place
is able , if not completely to discard the errors it introduced,
at least fo understand the type of perspective it has used to
write history, so a pluralistic account of the various historical
narratives becomes inevitable as well as a necessity.

And now T turn to a very fundamental thesis, that history
is always history of the past for the future. History is activistic
if you consider it to be the history of historical materialism.
So you start with the present, not with 200C years ago. You start

with the history of the present, history written by those who make

it. This is a very fundamental idea, in a deep Marxist tradition.
Then, working back, you need to explain the present so you look

(only) at those parts of the prast that are relevant for the present,
for the decisions you have to make in the present. This may seem
narrow-minded but it is not, because there are many decision centres
and because the present of one is not always another's present. Which
leads to the conclusion that history has to be rewritten indefinitely;
there is no final account of any historical process.

You will now see why historical materialism has not yet been
able to develop the depths of its own intuitions. In the West, an
historical materialist will not easily question and criticise himself,
because he has to fight for the right of his ideas against a hostile
environment, And in the East, the historian will not relativise his

own position because he is a member of a ruling bureaucracy. The
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type of alienation we find in eastern societies is not the same,
but it is still a type of alienation that will make it very
dangerous for any historian to relativise his own position and
to recognise the class-determined structure of his own account
of the past. This is true even for historians in the so-called
socialist countries.

So it is a beautiful dream, the history of historical
materialism. It is not yet realised, but it will be realized.

Finally, T should like to make a few brief methodological
remarks. If you look on historieal documents and sources as
communications made by certain senders to certain receivers, and
if you consider these communications as themselves part of
historical development (in more vulgar language, as part of
the power struggle of classes) then you will have another tool
for historical criticism. The meaning, the criteria for judging
the authenticity of documents and the reliability of documents
will be other criteria when you consider that you have to use the
theory of communication - a mathematical discipline developed far
apart from Marxism - in order to interpret the documents... but you
must also consider that this theory of communication remains
abstract and idealistic if it is not embedded in a theory of social
interaction and of power struggle. So even the details of the work
of the historian become modified by the point of view I have presented
to you.

I am not, as you have heard, an orthodox Marxist, T am an

unorthodox Marxist, but a Marxist nevertheless... simply one who
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dislikes orthodoxy in any form. Secondly I am not an historian,
but a philosopher, a logician. So I feel that I must finish
with some sort of explanation of why I have made this speech.’
Why did I want to look into the methodology of history? Well,
being a logician T saw the following evidence before my eyes
thought is a process of development of knowledge; the process of
development of knowledge is a social process>and an historical
process : so if I want to understand the norms thought imposes
upon itself in order to increaseits efficiency in this historical
process, I must become an historian. And so the methodology of
the theory of knowledge becomes the methodology of history, and
this to me is a very sad fact, because I am not young and T find
I have to learn another craft at my age! Thank you for your

attention.,

Father Carrol

Thank you very much, Professor Apostel, I am sure that
many, both in the panel and in the audience, will wish to raise
some questions. We will now move on to Professor Egeria Di Nallo
of the University of Bologna, whose presentation will, I think,

take up some of the points you have raised.

Professor Di Nallo

I am very happy to speak here at this extremely important
and interesting Symposium and I thank very warmly Dr. Honda and
Dr Biagini for inviting me to take part. I am of course extremely

interested by what Professor Apostel has said, and although this
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is nct the proper moment to start a debate I do hore there will
be an opportunity for this later on.

Now it already seems to me, from the arguments expressed
by Professor Apostel and in contemplation of the subsequent
jnterventions which we shall be hearing, that the vision of
society by the various scholars and researchers in our group
assembled here is certainly not uniform; neither as regards
disciplines nor as regards ideologies.. I do not think you are all
sociologists - nor do I think that all the sociologists see society
in the same way. Further, T would not agree that those who share
the same ideology necessarily have the same vision of all society.
For instance, I myself am a sociologist, but if anyone asks me
(as often happens) what is the image of society for the sociolo~-
gist, I cannot answer by a single sentence or a single model.
Instead I must start by catsloguing, classifying, distinguishing
between positivists, historicists, sociologists (I always make
a distinction between Marxists and pluri-factorialists) and by
putting together some politics, some economy, 1 would see emerging
from this a form of structural functionalism. In the relationship
between this and Marxism I would see generic structuralism embracing
tle thoughts of Mao, Baudelaire and others maybe including Apostel.
Of course, I want to avoid making any exaggerated or arbitrary
interpretations, remaining always within the field of these
interrelated ideas, that is to say within the limits of existing
orientations of sociology. Especially today, there are sociolo-

gical interpretations of society which derive in part from more
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thar one science, for instance Freudian psychoanalysis and
orthodox Marxism... from these two things there emerges a new
picture, a new image of society. I do not wish to present o

list which might make you angry - even if in the end you are

going to be angry anyway! But the plurality of interpretative
models of society and of images of society undoubtedly indicates
something, and here I agree with Apostel, that what the scholars
work out cannot be completely separated from their social environ-
ment; therefore we have many different elaborations, and as many
different images of society, probably (or rather certainly) all
expressions of something particular. T interpret this as a kind
of discomfort, an incertitude, an embarrassment, something which
causes anguish not only for those who as a profession study social
matters, but also for the so-called man in the street.

Now I would like to refer very briefly to my own personal
experience, for even if I am a sociologist I believe that the
most important experiences are personal experiences. So I come
to research carried out by myself personally.

I teach in Bologna where recently there was a violent youth-
ful contestation. This contestation should not be confused with
that of 1968, in the French universities, because there the
students refused one ideology for another one, one model of
society for another, different model... a model more or less
based on the Marxist model and which might have been called generally

Marxist. But in my experience in Bologna, young people no longer
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consider these alterna*ive societies: they refused both the
images which, for hetter or for worse, we had offered trem. And
they isolated themselves in an imaginary world which could very
easily lead to self-destruction. Thus the models and images
which sociology is constructing, models which are over-lapping,
superimposed and often confusing, receive a painful respounse
from reality which is deteriorating day by day. And which calls
for something new.

All today's sophisticated technologies do not seem to
solve our problems, perhaps because they are not technological
problems but rather problems of the use of technologies. I
think that the machine per se is neutral; it may lead to good
or bad acrording to the use which is made of it by men, and we
have made 2 use of it which has brought us to an exasperated
consumerism, insisting that we should work to acquire nct only
riches but dignity, the riches to be invested subsequently so
giving more work and more employment to society, which is typical
capitalism. This has lead us to another imperative: that we must
work in order to consume, and thus we have tended to forget the
dignity of work, and so reduced ourselves to only one part of the-
consumerism imperative. So today, the greater part of our young
people only accept the idea of consumption unrelated to that of
work, from which they are kept apart, far apart, for a variety of
reasons both objective and subjective. The objective reasons
concern the economic crisis, which has spread across virtually

the whole world, and increasing automation which - differently

from mechanisation -~ requires smaller numbers of persons in the
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production process. The subjective reasons may be synthesised

in the contempt which young people have for the world of their

fathers: a world by which they consider themselves betrayed, for
it had promised them civilisation and civic freedom, and has given
them only democratic delegation which they see falling into
personalism and corruption. The civilisation of their fathers
promised personal freedom and they believe it has given only more
or less easy consumption. They had believed a revolutionary
socialism was on the way, and what they now see is compromise and
cooperativism. From this there emerges the conviction that if the
main structures, the pillars of the world, are all work, they
should not he accepted; while the consumption process - accepted
only if unrelated to the productive process - will nevertheless
reduce itself to the same "desiring machine... the desiring
machine which is man himself".

I think it is not too difficult to see a relation between
this type of social attitude and current phenomena regarding
drugs, terrorism, etc. I think the greater part of the motiva-
tions, psychological motivations, which inspire terrorists tend,
in a more or less latent way, to self-destruction. The profound
anxiety which this realisation brings to all scholars and
students of social affairs who think (as I do) about it can
become unbearable.

This is really a dramatic moment for us, 2nd I am

particularly .grateful, I repeat this once again, for the possibi-

lity provided by this Symposium to compare my thoughts and
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opinions with those of others. Here we are not talking of very
esoteric or sophisticated questions of advanced philosophy

(often called "sex of the angels" questions): here we are talking
of our future and especially the future of our children. And
since the type of society towards which we are moving is clearly
negative (I would even say terrible) because of the determination
of the younger components to detach themselves and even destroy
themselves (I don't know what Professor Chiarelli, who is a
physical anthropologist, may say about this, but that is how:I
see it) our over-riding problem is to find and establish a dif-
ferent kind of society.

It seems to me that the DISCOVERIES Foundation has
really felt this moment, this crisis, and has started ‘a great
effort in this very direction (towards a new form of society) and
it seems to me that such an effort was never before so essential
for the future... to solve the problems of the future, and of the
human species. To me, the development of a new social order must
cover, besides technology, recognition of human val ues so as to
create (perhaps recreate?) the foundations of harmonious living
together.

This thought, in various forms, has dominated my mind since
the terrible experience of the spring of contestation in Bologna.
It was really this that stimulated me to accept an offer of work
in .Venezuela, where I went to work as a sociologist among the

Indios tribe in the Orinoco basin, on behalf of several Venezuelan
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organisations and institutions. Now I would like to present to

you a short account of this experience, which I think offers some
hepeful lessons regarding the situation closer to home which I

have just described. My basic reason for undertaking this work in
¥enezuela was the hope of finding something new, some inspiration
and indication that the ultimate objective of the world was more
than the models which sociologists have so often been content to
develop for themselves, and which I firmly believe are influenced
by the ethnic centerism typical of our continent and of that
civilisation which is commonly called .advanced industrial civilisa-
tion. 1In Venezuela the convergence of various cultures, from the
several indigenous Indios ones (which are distinguishable from

each other) through those of African and European origin to

North American, create a situation of particular complexity but

at the same time of particular availability and value for study.
The degeneration which here in Europe seems irreversible and

which for me is a source of anguish and pain (I apologise for my
pessimism once again, which I hope will be contradicted): this

type of degeneration does not exist there. If here in Euvope we
have to repair, if we can, damage already done, there in Venezuela
I think it is rather a question of avoiding the damage in the fisst
place. Of course, the situation is far from idyllic: the sudden
and explosive economic expansion, due to the presence of crude oil,
has caused a rapid social and political development with transi-
tion from a capital-starved economy to a capital-intensive one.
This has had some peculiar consequences which may be represented by

two social images: that of marginality and that of extraneousness,
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social images which have also been referred to by Apostel. T
think, at least for the benefit of the Proceedings of this
Symposium, that I should define briefly what T mean by these two
concepts.

First, marginality. By marginality I mean a situation
of life which is outside the fundamental productive processes of
society. The subjects who live in this marginslity are neither
holders of a production means nor producers. They are not even
connected, culturally or structurally, either with functions of
integration or support, or with contestation: 1in fact they have
practically no function within the scope of "the sysfem", though
they develop within themselves more or less evident and complex
cultures, the main characteristic of which is autonomy. Of course,
because all these social coagulations we are considering are very
closed systems, the marginal systems are themselves very closed
to any broader social system, and although there are relationships
between the marginal areas and the more general ones, (necessary
for the formers! physical survival) normally there is a certain
tension in these relationships. In certain cases there are
marginal areas which offer services or assistance, but they do
this in their own special way so as not to be involved in the
broader system.

A very clear example of these social forms is that of the
lower quarters (slums) of Naples during the Spanish domination.

The non-Spanish population was excluded or self-excluded from the
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cultural and economic process which prevailed at that time, and
it worked out a very lively marginal culture of its own which
still survives today. An example of the types of services which
this self-excluded (marginal) part of the Neapolitan people gave
to the general system, was the service provided by hunchbacks
against the "evil-eye". Each morning these hunchbacks, for a few
liras or cents, just to survive, went from house to house, from
room to room in the Spanish homes: this did not imply any form
of dependence or entering into the productive system: it was
simply a service rendered in perfect autonomy.

But these are little things: going back to Venezuela the
phenomenon of marginality is presemt and in a particularly

interesting way, because here it is not connected with extreme

poverty, as often occurs. There is a distinction between marginal

culture and the culture of poverty.

The second element I wish to define is extraneousness.
This concerns a cultural attitude, a way of looking at the world,
vhich may be linked with the phenomena of established economic
imperialism. This image of extraneousness occurs when people
involved in a productive system consider themselves entirely
extraneous, strangers to the culture of the country in which the
production process occurs. Venezuela has this phenomenon very
strongly; there has been a series of foreign investments - both
of capital and of labour, by organisations which look on the
country as a land of conquest. One goes there to work without

absorbing any of the national culture, nor contributing in any
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way with one's own culture. This can be seen above all in the
houses and homes that the biggest capitalist entrepreneurs from
abroad have built in Venezuela. Not one of these respects the
characteristics or the culture of the place, which is very
considerable and very ancient: on the contrary, each foreigner
has brought in traditional models of his own country of origin.
So, for instance, we see small villas in Italian Tyrol style on
the Caribbean coast, or widely publicised North American models
which have been imported and imposed on a once indigenous
material and cultural fabric. What impressed me was the social
“cleanliness" with which these two phenomena - the marginality

of young people and the extranecusness of many (human) elements -
are so directly analysable in Venezuela from a social point of
view, and I think this because, for the present, integration and
coalescence into a more homogeneous culture have not yet developed
in Venezuela - they are still to come. And whereas in my country,
Italy, in Europe or in many other parts of the world, these
phenomena would create social lacerations due to- the largely
integrated cultures existing beforehand, the fluidity and non-
homogeneity of pre-existing cultures in Venezuela makes the country
far more ready to work out models of living together. Insofar as
these may have to overcome the social difficulties expressed by
the two elements I have described, marginality and extraneousness,

they should lead to a new relationship with technology.



In other words, assuming or adwitting that marginality
and extraneousness are phenomena of a social crisis, related to
the conflict between ecological requirements and capital-
intensive processes oriented towards automation, they create a
model of society which could help us towards overcoming this
situation. If this should prove to be the case, the phenomena
will surely be better studied where they present themselves,
not as encrusted by tradition or distorted by more or less
philosophical or ideelogical perspectives, as seems inevitable
in the greater part of the rest of the world.

I will conclude by saying that from the Metropolitan
Indians to the Indios of Venezuela, from the old world to the
new world, the step is a lot shorter than many of us might
believe. I hope that what I have said will have demonstrated
not only thematic continuity but also an indication - at least

a logistic indication - for research.

Father Carrol

Thank you very much, Professor Di Nallo. I am sure we
shall want to come back to the points you have made in our discu-
ssions later on.

We will now move on to Professor Jean-Claude Simon of the
Institute of Programmation at the University Pierre et Marie Curie

in Paris.



35.

Professor Simon

Mr. Chairman, Mr. Honda, Ladies and Gentlemen: the fact
that I speak from the floor and not the podium is evidence that
I am an alienated individual because I need an instrument (this
slide projector) for my presentation. And I am also part of a
very alienated group « the Computer Scientists - who need big
machines for their work. So the subject of my talk is going to
be a simple reflection on my own trade and on what type of
contribution we computer people can bring to your activities.
I believe in fact that I have a message of some importance : my
idea being to show the importance of complexity as a limit of
rationalism.

As you know, we have to abstract words and by abstracting
words we already make an extraordinary simplification. Normally

we use ordinary language to exchange ideas and information, but

in some areas we can achieve greater precision by using scientific
language. Now scientific language is a part of ordinary language
into which we have introdiuced a number of conventions, such as no
contradiction, uniformity and unigqueness of definition, no
ambiguity, etc.

One step further is computable language, which I think of
as an extension of scientific language. Computable language in
fact is what we can do on a computer : it is the algorithms that
we can use on computers, and probably this computable language
is the utmost, the last step of rationalism and of the rationalist

spirit.
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Now I do not pretend that everything can be translated
into computable language. For example, everything which is a
"know-how" - a technical know-how - is extremely difficult to
describe in computable language. Riding a horse or riding a
bicycle, for instance, are activities which are extremely difficult
to translate into that language; they are probably what the Greeks
called metis, rather than the logos. Now I am not attacking metis
and there are many philosophers here who are much better speci-

alists of metis than I am. I am restraining myself to logos

and to models inside this logos. 4As you know, a very famous

philosophical theory in the 19th century was the determinism of
Laplace*, who said that if you could measure everything then you
could perfectly predict the future. Now my purpose today is to
show that, even with rational thinking and computable language,
determiniem & la Laplace is not possible.

There are in fact two fundamental drawbacks for Laplace
determinism. The first concerns the data which you would need
to furnish to a machine or a system that wowld then predict some-
thing. The quantities of these data have sometimes to be enormous,
and one can even say that in terms of "bits" of information, that
they must be infinite. So the time needed to collect such informa-
tion has also to be infinite; and this is one very good argument
showing that, even with a completely determinist system, Laplace
determinism is not possible, because it 1is not possible to collect

all the data necessary to make it work.

* Pierre Simon, Marquis de Laplace (1749 - 1827)

French mathematician, astronomer and physicist, Noted in
particular for his deterministic theory of cosmology.
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But there is another argument, and it is on this type
of argument that I wish to speak today. It is about the program
for the machine itself that would predict the future or that
would compute everything. Now there is no denying that rational-
ism in science has so far been highly successful, as evidenced
by astronomy, and most of physics, too, being computable with
models. But we have, as we say in France, eaten our white bread
first. We have done the comparatively simple things first, and
now we are attacking the more difficult things. And we are having
very big difficulties indeed, for we are clearly not dealing with
straightforward comparatively simple mechanical models. Our
models today, in fact, are continually becoming more enormous,
more complex and more difficult, and this is why today's computer
scientists are faced with such huge "software' problems.

It is not that their instructions are unclear or imprecise :
in fact each instruction is very clear indeed - it is a logical
process, &n algorithm. The difficulties arise because of the
large numbers of instructions that make a very large program,

a program which because of its size, presemts enormous problems
for the computer scientist to work.

In the early days of computers, it was often said that the
machines were more important than anything. That is not true at
all. By far the biggest problems, and hencé the heaviest costs,
in today's computer science concern the software. As an example,
it was reported by the US Air Force, at a symfosium some two

years ago, that the cost of software is typically 80% of the
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total cost of computer work, 20% being the cost of hardware.
And it is predicted that by 1980 the hardware cost will have
decreased even further, to only 10%, as compared with 90%
for software.

Of course this is partly because with microelectronics
the cost of hardware is expected to decrease in any case, so
that anybody will be able to afford to build a small computer
on his kitchen table. But programming costs are increasing
fantastically. To quote again from the US Air Force report I
just mentioned, in 1975 the average cost for one instruction
for a program - a large program "bought in from outside" - was
in the order of 60$. So, remembering that some large programs
have 10,000 - 30,000 instructions, you can easily compute the
price of a large program already two years ago. Yet this is
only the price of the program as considered finished by the
man who had to deliver it : it is the beginning of many further
costs.

First, there will be corrections. It is found that
the program does not work as expected, so it must be corrected.
Then there will be maintenance. These two "extra" items can
easily multiply the cost of the program by 10 or even 50 times;
and sometimes in the end the program has to be completely
abandoned because it does not and will not work at all.

2000 .
Figure 1

to00 4

¥ ' v Time fc'!\onif\'\ﬁ)

Ervors




39.

This is illustrated in Figure 1, which is a plot of the number
of errors (or rather the number of program malfunctions) against
time, for a fairly typical program development. It can be seen
that, starting with a certain number of "initial errors" {(in
this case a very large number) attempts at correcting these
errors put in a lot more new errors, so that at a certain time,
for the example illustrated, the total number of errors or mal-
functions had increased by some 50%. Of course, eventually many
of the errors were eliminated, but what is interesting is that
after much endeavour, a lot of money and a lot of effort,
although the error curve had gone down it had not gone down to
zero : and this is normal unless you are very lucky so that in
practice there will usually be a certain number of residual errors

that can never be corrected.

All this is deterministic - it is a perfectly deterministic
process, with no probability or randomness involved. In fact
everything is reproducible. Can we then predict the minimum
number of these errors achievable for a large interacting program
in a high-level language? Certainly the error/time curve is always
of the general form shown, and certainly the irreducible minimum
increases enormously, exponentially, after a certain number of
instructions. This is what computer scientists call the wall of
complexity - it is a very real wall which in practice means, when

you want to make an extremely complex program, it can never work

really properly (Figure 2) .
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Now is that abnormal or not? Well, fifst I would invoke
Godel's* theorem of undecidability, which shows that there cannot
exist a general program that would say if a program would stop
computing. That is the Gédel theorem, and by making a small
extension wé can say (and this is a mathematical result, absolutely
sure) that there cannot exist a program which could correct all the
errors in a given program. It means that there isﬂno hope of
being able té reduce that number of errors in Figure 1 to zero by
logical methods. It is not possible; though that does not mean
that for a specific program you may not be able - with luck - to
get the number of errors down to zero. What it does mean is that
there is no general program that would say that for any other
program the errorsican be kept down to zero. This is the general
basic point I wish to make.

What conclusions can be drawn from these results? Can they
be generalised? Firstly and simply they mean that the complexity-
phenomenon is part of any representation and computation. In a
computation it is more or less exemplified by the time of computa-

tion, the number of instructions, and the amount of memory needed

¢ Godel, Kurt (1906 -)

American logician (of Austrian origin) noted inter alia for his
thesis that "non-contradicting" mathematics must always involve
a degree of "undecidedness'. ’
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to make it work.

Could these ideas be extended into human thinking or
human organisation? It seems to me that human thought is
possible only if simplifications are made; that these simpli-
fications must depend on the thinker and must frequently be
arbitrary; and that only after the simplifications have been
made and applied to the world can we have any idea whether
they are correct or justified. We have no a priori idea that
our abstractions or simplifications have any meaning towards
the world unless we apply themrto the world.

Now there is a famous saying of William of Occam®,
the English philosopher of the middle ages, that if two
explanations are possible the simpler one should be chosen. I
believe this to be very debatable, for if we choose the most
simple, it is because we are seeking the simplest explanation.
But maybe the simplest is not the best: we cannot know, because
we have only limited ability to understand. I want to stress this
point : that we have absolutely no certitude, for a given pheno-
menon, that we shall be able to find a simple model. I do believe
all the models we find will be rational models, for how can wve
build models which are not rational? But even if we get these
rational models we can never be sure they are going to work properly.
In fact, I think we are.going to have to work out models that are
more and more complex - in economics, in politics, in the media
and so on - and even with such complex models we cannot be sure

that they are going to work at all.

* William of Oceam (1300 - 1350)

English Franciscan monk, one of the earliest English empiricists.
Famous for the simplifying dictum (Occam's Razor) that "entities
must not be multiplied unnecessarily".
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In the light of all this, what should be the role of the
technocracy, of the techno-structure? Certainly an important
part of it is to find simple goals for politicians and admini-
strators, and I suspect technocracy and techno-structure in
this role to be abusing simplicity. Just to make decisions,
they are simplifying abusively the models they could have - and
sometimes they do not even have any models, but give judgements
or set goals which are more or less intuitive and based on quite
terrible simplifications. For example, in economics, continually
increasing production all the time is presented as a major objec-
tive, yet we know that sometimes this can lead to catastrophe.

Yet it seems that the central role of techno-structure remains the
identification of goals easy to understand for everyone, and
especially for politicians.

In contrast to this, I think we have all recognised that
nature is extremely complex, and able to manage extremely complex
systems. That means that when we want to understand these systems
we must ourselves be prepared for complexity. For example, eco-
systems are very complex, and we are busy studying them; the human
body is extremely complex and yet nature makes it work. What shall
we conclude? Certainly not that a complex system cannot work, but
rather that when it works that must be complex, too. So in trying
to simplify we can run into great difficulty.

Now there are a few ideas coming from the observation of
natural systems. First, they are usually made up of autonomous

sub-systems. They are therefore very resistant to errors, in the
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sense that, if they get a wrong message, they can handle it. (In
computer systems it can be catastrcphic to have wrorg messages:
all the messages have to be right). Natural systems normally
have what I call an inbuilt homeostatic principle, in that they
resist outside changes - and in fact their entire environment is
normally defending them (and itself) against change. rThere is

no dominance of one sub-system over the others,‘and full apera-
tional information is freely circulated among them all. For
example, in the various organs of the human body operational
information is constantly cireculating freely, in the blood and
through the hormones, informing every sub-system of what is going
on, and according to the messages each of the organs reacts in the
best general interest - but there is no dominance of one system,
and for example no one system, or organ, can force a particular
goal on the others.

Let me give you a simplified example, If the liver should
call for an increase in bile of 6 or 8% every year, if that call
were accepted you would die very quickly. ‘So, although the goal of
the liver is to make bile, and although a technocrat might instruct
the liver to increase output by 6 or 8%, if this were done the
result would be disastrous for the entire system. And that is
vwhere the homeostatic principle in a fully cooperative system - a
cooperative system where all operational information circulates

very freely - would save the day.
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To return to the system which is human society, we can
see now why so-called "heterarchy" is gaining favour in place of
hierarchy. This is a very important trend and it may help to
explain a current tendency, in the general thinking of the world,
towards the elimination of strong imperialist nations, which are
typically hierarchical systems, in favour of heterarchical systems
such as already exist among interacting small nations. Maybe fhis
is some sort of "message for survival"... I don't know, but I do
know it has got to be thought over. Then finally, there is one
very basic process that we find in living bodies, the elimination
of the unfit or the non-viable - getting rid of things which do
not work. Well, this is the future I see for what I call a hierarchy,

as opposed to what I call a heterarchy.

Father Carrol

Thank you very muchy Professor Simon, for your stimulating
thoughts. I am sure we shall try to integrate them with some of
the ideas from the other speakers. But now we must move on té
Professor Piero Caldirola, who is professor of theoretical physics

at the University of Milan.

Professor Caldirola

I came to this Symposium with the intention of participating
in the third session, which concerns energy and society, bringing
a contribution (of which you may already have seen my written

summary) on the theme and role of nuclear energy and its relationships
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with modern society. In view of this I was somewhat perplexed
by the proposal, or tather the imposition (although this was made
in a very polite and very kind way) of my participation in this
session devoted to problems between society and culture, a subject
in which I do not consider myself particularly expert.

I am in fact, as many of you know, a physicist who, in
the course of his activity over 30 years, has dealt both with
applications of theoretical physics and with the study of the
foundations of physical theories. More specifically, my interest
has been centered on the second field - on studies of the founda-
tions of physical theories and particularly the study of quantum
theory with the related problems’of almost philosophical, or rather
epistemological nature, connected with the interpretation of this
theory.

However, my perplexity was to some extent allayed when I
heard this morning the intrpductory words of Dr. Honda and
Professor Caianiello regarding the structure of our Symposium,
which should be & meeting point among persons with different
backérounds, different cultures and different attitudes: these
are indeed problems of both science and society.

What kind of contribution may I give‘ £o4a'
theme such as this? First of all, my background forces me to
limit the theme and try to give some contribution, some‘suggestions.
which may subsequently be discussed in relation to this specific
topic of society and science. Now this is no new subject :

relationships between society and science have been discussed for
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centuries, and I would say that the special influence of science
on changes in society in the past has been universally recognisec
by historians, both historians of society and historians of science.
It is sufficient to mention here a few examples of the changes
(in some cases drastic changes) brought about by the influence
of certain scientific discoveries. 1 will mention only  two.
First I would mention the discovery of the electrical
pile, the battery, and because this year we are celebrating the
150th anniversary of the death of Alessandro Volta, and as I
come from Como, like Volta, I think this is also a way of paying
tribute to his memory. And the second example I would like to
cite is the discovery of electromagnetic waves by Maxwell' from

the theoretical point of view, and from the experimental point of

L ¥ ] LE N3
view by Hertz and Righi

Now I could discuss how these big discoveries contributed
to the development of society, but this is not the theme I wish
o pursue this morning. I would rather wish to deal with the
inverse theme which, in the last decade, has had a certain

repercussion... thanks to the work of some researchers or

Haxwell, James Clerk (1831 - 1879) - Scottish physicist and
mathematician whose equations for the nature of electromagnetic

waves vere first evolved for light and later shown to be true
for all e.m. radiation,

Hertz, Heinrich Rudolf (1857 - 1894) - German physicist. His
vork is a fundamental contribution to classical mechanics and
electromagnetism. He proved experimentally the existence of the
electromagnetic waves theoretically predicted by Maxwell, and
was the first to transmit electromagnetic waves over a short
distance. This was done mainly by the invention of an electro-
magnetic wave generator (Hertz's oscillator) and of a detector
(Hertz's resonator),

LR 4

Righi, Augusto (1850 - 1920) - Italian physicist. Developed and
expanded Hertz's studies on electromagnetic waves. Guglielmo
Marconi's invention of radiotelegraphy aewed much to Righi's
experimental work,
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scholars defined as neo-Marxist (not really Marxist but neo-
Marxisty which is something specific among the variants of
Marxisms or Marxists) that is to say the influence which society
has had and could have on the development of science : or put
in other words, the conditioning ané the restraints which society
imposes on scienne, including and perhaps especially the most
abstract types of science such as theoretical physics. Recent
attitudes in this field have been defined by certain schools
of neo-Marxism, for instance that of Althusser' ir France whose
book on "Philosophy, and the Spontaneous Philosophy of the
Scientist", has been translated into very many languages. - Another
example is a trend which has been developed in Italy in recent
years by a colleague in theoretical physics, with a group of
physicists who published a book called "The Bee and the Architect" -
a very stimulating book though perhaps one which had a greater
resonance than warranted by the real contribution which it brought
to the problems studied.

Now what is this new position? The new position of these
Marxist groups which, unless I am mistaken (and, unlike Professor
Apostel, I am no expert on these questions) goes back tc the
"Thesis of Feuerbach"** The attitude of these new philosophers
seems to be the following |} science inevitably develops in
societies, and in societies power is held by the dominant class,

that is the class of "the bosses", so this class defines society's

L. Althusser (1918 - ) - A French Marxist philosopher, ncted for
his writings on relations between philosophy, ideology and science.
His book "Philosophie et philosophie des savants" (1967) stimulted
much interest and discussion.

- Feuerbach, Ludwig Andreas (1804 - 1872) - German philosopher and
supporter of materialistic humanism rather than Hegelian idealism,
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ideology. Then in turn this ideology imposes on the '"scientific
operator" (as Althusser calls him) - and probably without his
being aware of it - a certain type of philosophy which he believes
to be spontaneous although in fact it is imposed from outside.
Now this type of philosophy leads him to develop his science in
certain directions, and therefore induces him to arrive af
certain results. To give an example, an example which is given
in one of the books 1 have just mentioned, and which in my
opinion shows also the ‘'weakness of this reasoning (but which
nevertheless finds a certdin popularity in the ‘world of culture)
I turn to the work by Max Planck‘ on the "perfect black body",
in particular his discovery of the laws of black body radiation.

Let us look very briefly at the interpretation which
these new philosophers, these new Marxist scholars, give to
Planck's work... work which was (amd still is) the very foundation
of the concept of quanta in physics and therefore of the whole
quantum theory. According to these Marxist philosophers, the work
of Planck on black body radiation (and consequently the introduction
into physics of the quantum concept)was determined, or better
imposed, by the fact that at the time - the end of the 18th century -
the optics industry in Germany, in its effort to develop and expand,
needed a suitable model of a black body. This was the reason for
which many scientists were working on black body problems at the

time. More specifically, there were two different schools - two

Planck, Max Karl Ernst Ludwig (1858 - 1947) -~ German mathematician
and physicist. "Father" of quantum theory, which originated from
his studies of heat radiation from a black body. He shmwed that
the magnitudesof radiated quanta of energy were related to. the
frequency of the radiation by a universal constant, now known as
Planck's constant.
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different orientations. One was that of Boltzmann‘ and the other
that of Planck. Boltzmann's school preferred a much more rigorous
and more complex representation of the phenomenon, whilst Planck's
attitude was a more heuristic one (as is well known Planck, in

his efforts to solve the black body problem, afrived at the intro-

duction into physics of the concept ot guantal.

Now, the explanation of this process given by the neo-Marxists

is that Planck arrived at his theory in order to meet the require-
menté of the class which héld power at the time, and which néeded
to have a'practically useful model of a black body. I beliéve

this interpretation is founded in wishfulkfhinking rather than fact.
My own, modest, personal explanation is this : in fhe development
of science, which of the many possible representational models is
normaliy adoptéd? Not the most sophisticated, most rigorous one
(in the black body case, that of Boltzmann) but rather the one
which is"sufficient" and which leads to a speedy and reliable
result. If we had taken the full theory of'Boltzmanh for a solu-
tion to the black body problem, we should probably not have reached
a conclusion even today, because of the work needed to explore
rigorously the complex implications of Boltzmann's postulations.

I conclude that the theory of constraints on the scientist
by society, which is at the very base of neo-Marxist thinking, is
iﬁself largely due to constraints imposed by Marxist ideas. And
it leads to consequences which may be easily forecast, one of
which is that science cannot be neutral. And let us be certain

what we mean here : when we talk of neutrality of science, we do not

.
Boltzmann, Ludwig (1844 - 1906) - Austrian physicist and mathe-
matician, discoverer of the law relating (through the constant
known by his name) entropy and the probabilty of a given state
of order or disorder.
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mean neutrality of the various scientists, a neutrality which may
or may not exist. But the accusation made againet science today
is that it, as such, is not neutral. In other words, according
to the supporters of the neo-Marxist point of view, and going
back to Alessandro Volta, his discovery of the pile was not a
neutral phenomenon but rather resulted from the struggle of the
classes, or something of this kind.

An inference exists here which deserves to be studied
more deeply and more thoroughly, that is the distinction between
the purely enouiring activities of the scientist, when he is
studying problems wvhich were once called "fundamental science",
and his work when he concerns himself with practical applications
of his science. Now I affirm that the first (fundamental science)
phase must be a detached and neutral search for "scientific truth® -
it is the very construction of science. Clearly in the application,
that is in the transition to technology and to industrial applica-

tions, it cannot remain neutral although the transitional work

may perfectly well be done by the same person who did the original
research. And this is all perfectly normal. It is not a doubling of
personalities, or a splitting of personalities, but one of the funda-
mental characteristics of the utilisaiton of knowledge for practical

purposes.

Now, another point which has impressed me is that wvhen
Apostel (for example) states that scientists are all tied or
constrained in their work by some kind of philosophy which
derives from ar ideology imposed by the dominant class, if we

should accept this as valid we may wonder what other type of
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philosophy could replace it if the scientist were released from
these postulated constraints and ties. Well the answer, as

given by Althusser, is obvious : it is to be found in Marxism,

at least in the particular form of Marxism which is indicated

by Althusser but which is quite different from, say, Marxisms of
a classical, orthodox type. And the answer i§ rather like

falling from the frying-pan into the fire. Indeed we cannot forget
that the most obstinate exploiters of science, always with Aposto-
lic purposes, have been the academic philosophers of the USSR,
finisters of the DIA-MAT, official religion of the country.
Especially during the Stalin period, the mere fact of asserting
that quantum theory was not capable of exact realistic inter-
pretation but was necessarily to be based on what is known as the
Heisenberg' uncertainty principle, was considered a crime against
dialectic materialism. Today we believe, and I am sure Professor
Apostel can confirm this, that these attitudes have been overcome,
and have become obsolete even for orthodox Marxist philosophers.
But if there are still some kinds of constraint, some "angled"
exploitations of science, I see these rather in the direction
opposite to those indicated by Althusser.

I do not have much to add : I would only say, by way of
conclusion, that my personal attitude in relation to these
questions goes back to what I am sure is the still valid attitude
of Einstein concerning the problems of science. His attitude was
an essentially realistic one, a rationalist one, in which he

utilised (according to his needs of the moment) sometimes the basic

Heisenberg, Werner (1901 - 1976) - German mathematician and physicist,
particularly noted for his collaboration with the Danish physicist
Niels Bohr in work on atomic structure. Heisenberg's Principle of
Uncertainty (like Bohr's Principle of Complementarity) are intima-
tely concerned with modern guantum theory and wave mechanics.
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rationalism of physics, sometimes suggestions deriving from
various philosophies and philosophical attitudes, sometimes'even
inspirations which came to him from a positivist scientist like
Mach*.

Professor Apostel can tell us that there are undoubtedly
strong influences of Spinoza** in the general philosophy followed
by Einstein. This is correct, but according to the particular
scientific problem which ha had to solve, Einstein used whatever
philesophy seemed most appropriate. I firmly believe that in
science, and particularly in theoretical physics, whicﬁ ié the
branch of science most advanced from a theoretical point of view,
there may be an objectivity, a basic objectivity which confers
on this discipline a value independent of the philosophical credo
of those who interpret it and of those who conétruct it. In
other words, I believe science has an identity of its own, which
characterises it and its development, whatever the political and
social structure of the countries where it is practised. More
specifically as concerns theoretical physics, which is often taken
as an example by the supporters of societal constfaint theories
(i.e. constraints by society on science, as I have discussed in
relation to black body radiation) from my own personal experience -
and I have been involved in seminars and lessons in the Soviet Union
and the United States, in Europe and Japan - theoretical physics

is taught and cultivated, albeit with minor differences of inflexion

Mach, Ernst (1838 - 1916) - Austrian physicist and philosopher,
responsible for mathematical theories of aerodynamics related to
the speed of sound.

*H .
Spinoza, Baruch (1632 -1677) - Dutch philosopher, exponent of the
doctrine of pantheism (identity of the universe with God).
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or method - in the same way throughout the world. And in my opinion
this is a good auspice, it promises well as regards the possibility
of a great cooperation, a closer cooperation of ideas, of human
efforts and endeavours among &he cultures of all countries, even

if they are socially quite different. It promises well for the

humane use of human ideas.

Father Caroll

Again, T want to thank Professor Caldirola for his stimulating
presentation. I am sure we would all like to stop and discuss
some of these points now, but our time this morning is limited so
we must continue, and we will now hear Professor Brunetto Chiarelli,
who will speak on the effort to create an ethic on the basis of
modern science. Professor Chiarelli is Professor of Physical

Anthropology and Evolution at the Universities of Turin and Toronto.

Professor Chiarelli

I would like to thank Dr. Honda for making possible this very
interesting series of DISCOVERIES Symposia, and to thank Professor
Caianiello for inviting me to take part in the present meeting.
Although I am a physical anthropologist I am not going to speak on
the physical appearance of the men of the future : this would not
be very interesting. I shall have some observations on the crisis
of modern man, but I shall make these considering the species of

Homo_sapiens, our species, on the same level as that of any other
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animal species, as would be done by a zoologist.

’There is no doubt that man has reached a turning point, and that
he is the animal species now applying the greatest pressure on the
natural environment. Technological development has brought about a
logarithmic increase in the supremacy of man, which now is clearly
reaching a dangerous level.

Since our ancestors first appeared on the earth, some 2 million
years passed before they had a conscious confrontation with their
natural environment. Throughout this long period man lived and
developed, both physically and culturally, in equilibrium with food
and water supplies which he obtained from the environment simply by
hunting and collecting. Then, as recently as 12 or 10 thousand years
ago, he discovered fire and the technological revolution started. He
learned to grow cereals, and his development since that period until
only two centuries ago was characterised by more and more intensive
use of the natural environment and an increasing violence against it,
due to both technological development and demographic growth. Never-
theless, during this time man's culture was largely rural and feudal,
and it depended mainly on agriculture with a very primitive sort of
metallurgy.

Up to the 18th century, in fact (two centuries ago) even
though science and technology had been gradually evolving for a long
time, they had not yet had any great impact on the environment., It
was the European industrial revolution of the 18th century which

changed this, creating for the first time the problems of urban sociology
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which were to prove inseparable from the age of technological and
industrial culture.

Today, after some two centuries of intellectual and industrial
development, man is able to operate in extra-terrestrial environments, to
penetrate the earth, to transform the surface of the earth in an
irreversible way... and this had brought about a crisis.

Today in the Bay of Minamota in Japan, sea life has been practically
destroyed by chemical residues from industry. In Osaka or Tokyo, as in
Turin or Milan, at peak hours gas masks have to be used against smog.
Everywhere, ever increasing amounts of oil are leading to atmospheric
pollution, while the need for energy produced by nuclear stations leads
to wastes which cannot easily be disposed of. Increased sea traffic
is causing the gradual elimination of the plankton that helps preserve
our natural oxygen balance. Accumulation of carbon dioxide in our
atmosphere is expected to increase the world temperature, with unfore-
seeable consequences for vegetable and animal ecosystems and with
possible transformations of the earth's surface due to the slow but
continuing melting of the polar icecaps.

Substantial changes in the earth's surface are resulting from
expanding communications and from urbanisation with geological conse-
quences that can lead to deserts, landslides and floods affecting
whole populations. Excessive extraction of water (to meet urban
demands) can likewise result in geoclogical damage, particularly land
subsidence.

Apart from these obvious ecological disasters there are other dangers

less evident but no less pernicious confronting mankind today, for
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example:

- the abuse or misuse of drugs can bring about abnormal conditions
and in particular can modify the processes of natural selection;

- the unethical use of psychiatric drugs constitutes a serious
threat to the freedom of a large section of mankind;

- recent developments in genetic engineering, initially due to
entirely justified and desirable scientific speculation, could
well have repercussions on the random rules governing individual
human structure (there is the further risk that genetic changes
so established could in due course become uncontrollable by the
"controllers" themselves),

I believe in fact that we need to reconsider all our research
and to establish a new ethical basis that will guide and inspire the
research worker of the future.

Technological civilisation, both in the East and the West, is
the result of interaction between man's irrepressible curiosity about
himself and the universe around him (which is a common feature of
other animal species also) and creativity (which is a distinguishing
human feature). The product of this interaction which, in our species,
is usually called scientific research, also meets another creative need
of man, namely that of art. Today, however, partly because of its high
cost but especially because of its possible dangers (yany discoveriés
are clearly far from harmless) scientific and technological research
inevitably involves social and ethical responsibilities.

Any research worker, when he works, has responsibilities that



go beyond the momentary creative or inventive action. Any effect of
modern science - not only practical science but also theoretical science -
involves the problem of its utilisation by society. Among the first to
draw public attention to this were the physicists working on the early
development of nuclear energy, but biologists now have a similar
concern over the various possible manipulations of the genetic code.
Today, virtually all scientific research can bring great benefit or
great damage to mankind, but that is not all : many of our research
workers today tend to forget that they belong to only one of the many
living species on the surface of our planet, yet the continued
existence of all depends on maintaining an ecological and environmental
equilibrium with other elements of nature - an equilibrium which is
delicate and in many respects unstable, and which is now, more than
ever, being seriously modified by our own species. In this situation
a new ethical attitude is clearly imperative.

As an anthropologist I think this an extremely important matter.
Its consideration is essential for a proper approach to interdisciplinary
science, which cannot ignore biological aspects, history, and the position
of man within the framework of nature. Research workers of today,
chemists and physicians, physicists and engineers,have continuously to
face ethical problems : they cannot expect others to make choices that
are their responsibility. And they must constantly seek sincerity
in their ethical notions, trying always to avoid irrational bias.

If we try to reconstruct the evolution of the ethical concepts
we all have in our minds, it seems to me we can adopt either of two

different approaches : the historial approach or the so-called naturalist
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approach.

In following the historical development of the notion of good
and evil - of what is fair and what is unfair - and of the general
principles that justify the application of these notions to the things
around us, we can start from the ancient Aristotelian-Hellenic world.
This I am going to do, albeit in a very superficial way (I apologise
in advance to the philosophers and historians who will probably find
me too superficial).

Ethics in the Hellenic world grew from moral judgments on
material things, leading to the notion of virtue (or vice) according
to the good derived by individual man. Ethics thus became the third
and wost important part of philosophy after logics and physics.

The concept also required other men to be considered as '"things",

so that the only good to be pursued was one's own happiness, without
being concerned over consequent ills which might be caused to others.
Clearly this was a form of hedonism.

The substantial later development and modification of ethics
in Western culture from a practical and experimental to a metaphysical
basis, started with the ascetic concepts of the neo-Platonic school
which aimed to separate the soul from the present world so that it
could be directed towards the hope of a future world. It was at this
stage that ethics became mystical, the mysticism being initially
considered by the Christian world more as a moral code for man than
as a religion. In the middle-ages, however, the ethical concepts of
Christendom remained entangled in the contradictions between man's
spirit and his world, between his freedom and his needs. In an attempt

to resolve these contradictions, Christian moralists of the time divided
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the world into two separate parts, Good and Evil, putting all Good
(happiness, paradise, etc.) in a far away utopia.

The Protestant reform, with its baéic recognition of free will
and moral choice, was unable to reconcile these contradictions.

However, modern Western ethics, since the adoption of KAnt's categorical
approach, was able partly to overcome this difficulty, limiting the
problem to a division between humanity and freedom. But even with this
concept, free will could achieve its aims only through the satisfaction
of the individual, hence the individualistic and empiricist concepts

of British imperialism.

From this concept of ethics it is easy to follow the passage to
the utilitarian and positivist doctrines that dominated the social and
political philosophies of central and northern Burope during the
second half of the last century and the first half of the present
century. It is also easy to understand how Hegel's concept of positivity
in history, in which what is rational must also be real, lead to an
economic concept of ethics as in Marx, where history is morally neutral
and the will has no idealistic value.

It is unfortunate that all these visions and historical reconstruc-
tions constantly dominate Western culture, and are often a mental trap
from which it is extremely difficult to escape. For beyond these
"artificial" metaphysical barriers the basic problems still remain.

These concern the necessity of finding a logical and positive structure
for the notions of Good and Evil, Justice .and Injustice, Right and Wrong,

Obedience and Disobedience, Duty and Freedom, as well as general principles
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that justify the application of these concepts.

Man today as in the past is constantly confronted by these
dilemmas, frustrated by the responsiﬁilities of ha;ing continually
to make (or remake) his choices, constantly searchihg for general
rules to guide him.

But surely, without a hedonistic or utilitarian vision of
individual happiness as the only good to be pursued, and without needing
a mystic vision of Good as a perfection to be sought kthough probably
never reached) we can today make a naturalist and rationalist analysis
of the concept of ethics.

Good can be defined as what is pleasant; or as what is sought
by all, by the majority, or by only a few; it can be defined as what might,
once achieved, meet a need; or as that which agrees with general trends
in the evolution of the species (even at the cost of some individual
sacrifices).

Right could be defined as whatever the majority approve as such;
or as a set of actions leading to a desired type of social development
or social stability. Good and Right (with their opposite concepts
Evil and Wrong) can also be defined in @erms of the feelings or
desires of those who are concerned with the definition. Both these
notions and their opposites, and other pairs of opposite notions, may
in many cases overlap in terms of meaning, and this may allow important
simplifications in a "set" having a number of variables.

However, these pairs of opposite notions or concepts do not
include a sense of Duty, understood as the complement of Freedom, both
of which are also essential to achieve Good, so that this concept must

also be taken into account,
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It should therefore be possible, using the methods of information
science, to devise an objective concept of ethics on the basis of a
systems analysis, giving appropriate consideration to the value of
each component, and including also the notion of good for the species
as a whole, as well as that of individuals. If we could do this we
should surely have achieved a series of ethical norms fhat would be
of positive practical value for the future.

As an example of how valuable this could be I would like to
consider the dissemination of techniques for contraception or induced
abortion, techniques which are currently accepted by many ethical
groups but not, for instance, by the Catholic Church, This very
controversial matter could be more fruitfully faced and resolved if
we considered the desirable size of the human race and related this
to the control of its expansion. Such an approach, through quanti-
tative description and analysis of man's behavioural codes would also
permit a regular updating of ethical notions to meet changing
situations.

In face of the problem of demographic control, in fact, we
should not launch investigations into the attitudes of the various
ethnic gfoups, even those which are isolated over the problem of
birth control. Instead we should try to use ethical systems analysis
to arrive at an optimum world solution. Possibly we might then learn
a great deal, and incidentally solve a problem of great importance
for the future of mankind,

This process of reconstructing ethics on a systems analysis
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basis has almost certainly occurred in the past in the development

of concepts governing the relationships between individuals and other
men and between men and things. The very origin of ethics, in fact,
concerns relationships between individuals, limitations to individual
freedoms, and relationships with one's fellow men (considered as
individual people in a given group - father, mother, son, daughter,
husband, wife, servants etc.) and their own properties. The law

of Moses is one of the most complete syntheses of ethical rules and
norms. Later we find that ethics govern the relations between indivi-
duals and society - the latter understood as a non-defined group of known
or unknown or hypothetical individuals and their possessions, properties,
etc. The development of legal systems and individual well-defined

laws, or current developments in concepts of democracy, are further
examples‘of the application of ethics to society.

But as yet there is no ethical code to regulate the interactions
between man and the earth and animals, or activities affecting the
wellbeing of the earth itself. The relationships between men and "the
things of nature" are still strictly economic, the earth being considered
only from the viewpoint of ownership. All the existing rules governing
relationships between man and the earth consider only man's privileges
and ignore his obligations. The extension of ethics to this third

. - *
element, that is to say the Environment used by man is, as A.S. Leopold
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maintains, an evolutionary progress and an ecological necessity.
It is the third step of a sequence of which the first two steps have
already been taken.

Many research workers - even well-known biologists - negleét
this aspect of the close interdependence between scientific research
and the natural and cultural history of man. Today, as the develop-
ment of evolutionary thought calls more and more for reconsideration
of all aspects of this interdependence, we see the whole social fabric
of the world suffering from a serious crisis which is fundamentally
economic but also involves cultural and ethical values and even a
crisis of identity.

Both the natural sciences and the humanities (zoology,
archaeology, ethnology, ecology, genetics, psychology) have for some
time now been providing valuable indications that there is no conflict
between man as an animal and man as a highly cultural being. Today,
many people recognise that they are part of a physical and biological
environmental .system in which the survival of each member is depend-
ent on the survival of all the others, in turn dependent on the
preservation of the whole system as such. Many of us in the West are
aware of the critical situation for our species, but so far we have
done little to avoid it becoming worse : now it is becoming essential
to create, in our Western culture, the necessary bridge between our
humanistic and scientific disciplines. This could be based on a
naturalistic view of the phenomenon of man, a view which is not limiting,

but widening the human perspectives.
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This revised concept of the natural history of man could bead
to a new form of humanism in which scientific knowledge, rather than
law or charity, would be at the basis of the relations among men and
between mén and nature.

Although a few isolated thinkers in the West have in the past
already drawn attention to the harm that could come to man from misuse
of his natural environment, we cannot say that there has been any
real social awareness of this. So the present evolving concern in
Western civilisation over ecological questions could be the beginning
of the development of a more rationalist approach that might become
a new system of ethics.

But if this is the situation in the Western World, what of
the profoundly different ideologies and philosophies of the Far East
populations? How is it that Japanese civilisation, having brillantly
adopted Western technology, has yet been able to maintain its
traditional culture, whilst the same has not happened with other
populations? What influences have Shintoism, Confucianism, Buddhism
and Taoism had from time to time or simultaneously on the various
populations of the East?

Like almost all Westerners, I am not competent to go more

.deeply into these considerations, but they are at the very base of our

problems, and it is at meetinaslikg this one in Rome that we must try
to give them our attention and understanding. This type of encounter
between different ethics could be the basis on which we might

advance a synthesis of Eastern and Western thought and culture.
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This new World Ethic could be a link, a bridge between our
two cultures, a bridge towards the future of mankind. DISCOVERIES
seems particularly well suited to make the first step in that

direction.

DISCUSSION

Professor Apostel

I would really like to answer and to comment on all -the
presentations given, because they were especially stimulating, but
I have to limit myself due to the urgency of time, so I want to point
out that the examples given by Professor Caldirola are typical
examples of bad‘history of science from the point of view of historical
materialism. There are two ways to go wrong : first, if you look at
the scientific finished products you can then try to find some signs
of either morphism or homomorphism between the finished product and
some structure or quality of the society producing it. This is idealism,
because the finished product does not exist in itself or for itself,
and the structural_comparison is therefore completely useless.

The second way to go wrong is to become psychological - and
to suggest, for example,that the motivation behind Lavoisier's study
of light or the processes of combustion had something to do with Parisian
street lamps, implying that motivation is the real link between
society and work, This again is without any importance. It is

obvious that sometimes we are motivated by contacts and it is obvious
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that we '"play around".

What then is the real thing? The real thing is that you should
consider the social features of the production of scientific knowledge
as it is embedded in sub-groups of society, and that you should look
at the social structure of the scientific group as influenced partially
by the total structure of the total group.

The real thing is that the study of the social structure of the
scientific production process introduces, for instance, the histo:z
of objectivity. For the concept of objectivity is not an invariant -
it also has a history; the concept of rational explanation also has
a history; and the concept of fact, the concept of inference, these
have histories too. And these histories are again partially but not
completely dependent on the total history.

This, I believe, is the real thing. This is the way to do it
(and it is not done yet) and I agree wholeheartedly with Professor

Caldirola that the examples he quoted should be rejected.

Professor Caldirola

I thank Professor Apostel for the attention he has given to
my words, to my short talk which I had to improvise here. I am
substantially in agreement on the fact that the examples I mentioned
are rather aberrations of the Marxist thought. However, I thought
it was good and useful, especially in this place, to illustrate them,
to bring them to your attention because at least in our country,
they are becoming popular and successful, and from a certain point of

view this may be a matter of concern for us. That is why I allowed
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myself to illustrate them here. I do of course recognise the contri-
bution of Marxist thought to the concept of objectivity - but I believe
there are other concepts which may be also accepted by society at

large, excepting of course those who follow this particualr ideology.

Professor Di Nallo

I have been impressed by all the contributions. to this
session, and especially - as I said at the beginning - by that of
Professor Apostel., I am afraid I do not agree with Apostel, that any
human society is necessarily alienated. I think alienation, at least
in the Marxist sense, has an origin which is in the field of the
capitalistic world. Soviet socjety is an alienated one; it is
unimportant whether preduction is or is not in private hands, because
the relationship is still that of those who obey and those who command.

One further observation : I do not believe there is, at this
moment, any very stong opposition to Marxism. I would even say that
it has become a fashion, so much a cultural fashion, that it has
also become almost boring.

We may note that the newspapers which are most read in Burope
are those which have a small amount, a flavouring of Marxism. Also
that the intelligentia, if fhey are not slightly Marxist, are not
fashionable. I understand this is also true in Japan.

To some extent I think this is good, but I would not like
Marxism to become little more than a "fad", something to be discussed
in drawing rooms by people who found it "amusing" without really

understanding it.
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Professor Chiarelli

Firstly, I agree with Professor Di Nallo that Marxism is
currently to some extent a fashion - at least an Italian fashion. I
have one other comment on Signora Di Nallo's remarks.

I am not so pessimistic as she is regarding young people
and "emarginated" youth. There have always been emarginated persons
with us, in all societies and in all history. These are a small
group which sometimes shifts the Gaussian curve of error towards
something better, occasionally towards something worse. Personally,
I am profoundly optimistic about the youth of today : after all many
of these young people represent a certain truth which should be
listened to, but themselves they know their position is limited in
time and they readjust themselves very rapidly to a slightly changed
situation. But we should try to listen to them : this has occurred
in many situations and many universities in Italy, and the young
people have taught us a lot. They have actually told us how we
should change certain institutions : the important thing is to listen

to them, and this is not always done.

Professor Marshak

I would like to make just one comment. As a theoretical
physicist, I would like to suggest that Professor Caldirola was too
willing to acquiesce inProfessor Apostel's criticism.

I think Professor Apostel missed the whole point of Professor

Caldirola's remarks. It isnota question of understanding how the
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production of scientific work - and whether during history the sense,
the understanding, of what an object is - depends on the social
structure. What Professor Caldirola was trying to say was that, in
physics at least,there is an inner logic of the seience and a develop-
ment of the science because of its advanced scientific language -
what Professor Simon called "the scientific language".

I am not sure whether theoretical physics is a "computable
language" yet, but it is a scientific language, it uses mathematics
a great deal, and it is rather strange to me that the social structure
has much to do with its development in the last few decades because
one of the greatest advances, quantum mechanics in the 1920's, came
after the great socialist revolution and, in receﬁt years, most of
the advances in our science have come through mutual discussion between
physicists from very different social structures. I think there is
an important point being missed by the Marxists hereyand it appears
to me anyway that the human mind, in trying to understand ngture,
develops a scientific language which seems to have its own internal

logic and seems to be really quite independent.

Professor’Caglioti

This is a comment addressed to Professor Simon. Professor Simon
has listed three types of language : ordinary language, scientific
language (which he says should be freed from any ambiguity), and
computational language.

I think another sort of commynication uses another tool,gnd

this is artistic language, which is full of ambiguity and yet is no
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less important, T think, than the other ones ... and in some cases is
a unique and basic language even for understanding basic physical

phenomena.

Professor Simon

My claésification was not intended to be exhaustive. I just
wanted to show the relations between natural language, scientific
language, and so on, and I drew the distinction which the Greeks had
between metis and lﬂﬁﬂfﬂ on which the Greeks were very clear. They
probably considered artistic knowledge and artistic things in the metis
and not in the logos : this was in fact said by the Greeks themselves.
Now, outside the fundamentally rational languages, there .is clearly
room for others, such as those of the arts. I would certainly not

deny this.

Professor Pucci

May I say something about Professor Marshak's remarks? I
think that in fact the truth may be found midway. If we consider
a simple example, mathematical theories, there is a set of possible
results, theorems among which only parts are selected by mathematicians
and these are proved. The choice depends on two things : one due to
inner reasons, for the natural development of the theory, and this
corresponds to what was indicated by Professor Marshak; and another
due to the simulations which come from outside the theory, as indicated

by Professor Apostel.
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Professor Apostel

I want to answer Professor Marshak., I think we have all
missed some points, and Professor Marshak missed one of mine entirely.
That point was the following : that even the mathematical languages
we develop depend partially on the social structure of the mathematical
group and on the total social structure of society.

I can give a very clear example : that of infinitesimal mathe-
matics. The stress on infinitesimal mathematics to develop a certain
language, the language of calculus, was certainly prevalent in the last
two or three centuries, while today there is a powerful trend towards
a development of recursive mathematics, introducing factors of '"haziness"
and so forth. These things are very popular at the present moment,
presumably due to the impact of computer programmation and automation
theory, which is itself presumably due to the general growth of
automation in our society. I think this confirms that there are internal
determinations of science and also external determinations of science,
so that the criteria of stringency in mathematical proof are partially

but not completely socially determined.

Professor Caldirola

I agree, external stimulation certainly exists; for instance
geometry originated sometimes from practical problems, but this is not
the essente of the problem. The essence of the problem is whether
this has implied or should necessarily imply the acceptance of a
specific ideology, and this is what some people want other people to

believe - that the scientist is conditioned in his work because his
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philosophy, which he thinks is spontaneous, is in fact imposed as
an ideology by the ruling circles, by the ruling class.- This is the
problem. It is not so much that of the internal-external  impact,

though that certainly exists also.

Professor Michaelson

I would like to comment on the remarks of Professor Marshak.
As a theoretical physicist, he is accustomed to searching for static
descriptions of dynamic processes. This is how much of our mathematics
develops, how we master the very complex behaviour of the systems we
are trying to control. But we must not be misled into believing that
the systems themselves display equilibrium behaviour.

We have an unifortunate tendency to make this assumption, -and
it is totally false. One of the things that we have learned from
handling the sort of complex systems that we get in computers ard in
biology is that the static descriptions we form of complex intercon-

nected structures lead to dynamic behaviour of the systems themselves,

in which the activity moves around the system. In a similar way, in
any social phenomenon which is the result of the interactions of a
complex network of companents, we would expect to see similar dynamic
behaviour.

Whatever aspect of the human activity we look at, we should
expect to find that a given part of the system sometimes appears to
be being controlled by one force and sometimes by another force,
resulting in a form of "jumper" phenomenon with no appparent reason.

Probably this is largely because we are not looking at the right
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causative agents, and we should note that, in the development of theories,
the backgrounds, training and material means that people use affect the
sort of theory they produce.

After all, if you do not have accelerators like proton-cyclotrons,
you are unlikely to have practical theories involving things like pion
interchange forces. The fact that research money is sometimes going to
be available for doing one sort of technological experiment like high
energy physics, while sometimes it will be available for doing other
sorts of technological experiments will undoubtedly lead to different
aspects of scientific theories.

Then, once a project is underway, before the availability of the
material means dies away, the internal logic of ‘the subject will almost
certainly take over and so determine the development of a theory that
was originally brought into existence by external forces.

The result is that different aspects of science are studied more
or less intensively at different times : furthermore, depending on
what means are available, they are studied from different points of view.
In fact, there is very little question that the development of a
scientific theory is something that flows with the wind like women's
fashions.

That is certainly not a matter of the internal logic of theoretical
physics. It is a matter of the society in which the theoretical physics

is embedded.
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Professor Marshak

I am not for one moment going to question arguments about
historical materialism being relative to other areas. I am ready to
debate those arguments but that was not my point. I can, in one minute,
show Professor Apostel that he has a logical contradiction in his
reponse to me.

We are certainly worried about the rapid advance of science
and technology in recent decades, and it is certainly true that a great
deal of money has been spent on high energy accelerators, and has produced
such a rapid flow of experimental data that the social system has not
been able to adjust to these developments even if it wanted to. In
other words, if society wanted to impose its will on theoretical physics
it made a mistake, it put money inte these high energy machines and now
there is nothing it can do about it,because we are producing the theories
that reflect all this vast amount of experimental data.

This is what has happened in my particular area and I just wanted
to make it clear that at least in this area this is a fact independent
of the social ideas of people outside high-energy physics or what they
may or may not have wanted for their money.

Now I have great respect for the ideas of others, and I shall
be glad to listen to them within their proper framework, but do not
tell me what is happening in theoretical physics, you do not know.

The fact is,within a very short period of time, a vast number of
particle accelerating machines has been produced, in Soviet Union,
in Japan, in France, in U § A, and independently of the social system

they have produced the same data, and we are developing theories about



75.

these data independently of the social system. If you will not recognise
these facts, I am afraid that you cannot hope to make any progress in

the other parts of your discussion,

Professor Caianiello

I should like to say a few words which may, or may not, according
to your judgment,relate to what Professors Caldirola, Marshak, Apostel
and Simon were saying. I should like to tell you about a nigﬁtmare 1
occasionally have.

I dream that my name is Isaac, that I am under an apple tree and
that an apple falls down and some curiosity - a purely biological
curiosity having no relation to any ideological reasoning or upbringing -
pushes me to think there might be connections between apples falling
and moons revolving. And to check this possibility I set up research
plans to study theé falling of apples.

Well, I am in a University, and as you know you just cannot do
research in a University, because the students are against you and in
any case you have no facilities. So I have to apply, for instance, to
the National Research Council for help, but when I write my proposal
is lost. So I write again, and this time the proposal goes to the
Committee for Agriculture (because it deals with apples) and then on
to another Committee for further advice, and so on, and you can imagine
the rest.

Now, what can this nightmare teach me? First, it confirms that

I have an inborn curiosity, which I recognise as my human prerogative.
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Second, that I am part of a very complex system, a system which is
complex not because people are bad or evil, but simply because all
society is at least as complex as any biological organism.

Now, of course, it is man's constant endeavour to rationalise
and explain everything in terms of parameters which are already in his
mind. It is, however, the purpose of people working in general systems
theory (which is a synonym for cybernetics) to faresee and to understand
parameters which have yet to be invented : this they do just by
observing things that exist in nature, such as societies or biological
organisms which have evolved their own ways for coping with the those
problems of complexity which still defy our present mathematical
knowledge.

Which leads me to look critically at the mathematics we do have
at our disposal - and by that I do not mean only '"storerooms of tools",
but also certain well-defined mathematical patterns of thought about our
existence, patterns which are basically these evolved by people who
were also puzzled about the falling of apples... and which, fundamentally,
are empirically-derived symbolic models of their observations. And that
does not exclude other models similarly derived.

We may need new ways of thought about mathematics : I do not
disagree with Professor Apostel when he says that we should try to
apply the methods of general systems theory to understanding the history
of society. And I do not think he would disagree with me when I say
that, in so doing, we should be making a model which - even if successful -

must never be confused with the real thing. What I find most confusing
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when I hear some sociologists talk, is that whereas it is very clear
to a physicist that a model is something which attempts to represent
reality but which must be modified, disregarded or even rejected as
soon as it is found inadequate or wrong, we find society planners who
think that their model is the way society either just is or, even
worse, should be.

And so, I believe that we are here at the beginning, and only
the beginning, of an effort towards unification of knowledge which
means Science in a‘ broader sense : an effort which should now be pushed,
if at all possible, towards the study of structures. Structures
examined both synchronically and diachronically, for which we do not
yet have mathematical tools. Some are being developed - 1 am nylelyf
contributing a little, as are many other people - but no sane physicist
would say that the studies he has made in his own lifetime and possibly
by himself will produce the answers. We need societal approval for a
new effort towards developing the mathematical laws or modes which
are not yet available for understanding and, hopefully, pushing back

that wall of complexity that Professor Simon was mentioning.

000000000
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CHAPTER 11

Second Working Session : Credibility Crisis

of Science and Technology

Under the Chairmanship of Professor Robert Marshak, Premident and Professor
of Physics at the City College of New York, the Becond Working Session

of the Rome Symposium was devoted to the "Golden Age" myth of Science

and Technology, or more particualrly to discussion of why it was a myth,
and why in fact advancing science and technology had failed to bring

to the world the once promised Golden Age of peace and plenty.

000000000

Professor Marshak

I have given our second session the secondary title of Science,

Technology and Human Welfare, which is not clear from the main title

but I do think those three words cover the themes we have to discuss.

I want to make it absolutely clear from the start that I yield
to no-one in my love for basic research. I showed this in the discus-
sion following Session I... I love and revere its passionate pursuit -
of truth, its thorough-going respect for the inner logic in the structure
of scientific knowledge, and its unswerving resistance to the dictates
of external authority.

Pure seience is unquestionably the jewel of modern culture and
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the indispensable ingredient of human progress for many decades to come.
But the fact remains that the explosion of scientific knowledge and
technology during the past 30 years or so since World War II has been
accompanied by the emergence of global problems of staggering proportion,
not only in the developing nations but in the developed countries as
well, And these global challenges must be met.

While the solution of these problems can only be achieved by
the creation of more knowledge, I should like to suggest that
scientific enterprise during the next quarter century will have to
function in greater consonance with what I should like to call a new
scientific humanism.

By this I mean that the total scientific community will have
to balance the pursuit of scientific creation, and the application of
scientific knowledge to societal needs, with a greater sensitivity
to human values in subtle combinations. In a word, we scientists must
embrace a sensible mixture of intellectual detachment, necessary to
maintain the integrity of our science, with social concern which gives
to man some hope for the future.

Looking ahead, I could enumerate several ways in which the new
scientific humanism among scientists should employ all existing
international agencies to the utmost for a global attack on those
problems that transcend national boundaries.

And when appropriate intergovernmental agencies do not exist,
there should be no hesitation on the part of the international scientific

community to establish new centres, institutes or programmes under the
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aegis of a consortium of national science academies or similar organisa-

tions. The International Centre for Insect Physiology and Ecology in Nairobi,

the International Institute for Systems Analysis in Vienna, and the
International Foundation for Science in Stockholm are examples of the
latter type. There is room for many more, and I should like to emphasise
that this DISCOVERIES Symposium is an example of the type of non-govern-
mental intervention that can be particularly constructive on the inter-
national level.

I had hoped, in our session today, that we might be able to cover
three major themes :
1) science, technology and global survivalj;
2) science, technology and the quality of life in industrial and post-

industrial societies; and
3) science and technology in the developing nations, which all have
different problems.

But after meeting with the participants, it seemed clear that they all
wanted to speak on the second subject alone, that is, science and
technology and the quality of life in industrial and post-industrial
societies. So those interested in the other themes will have to wait
for some other eonference, perhaps in Paris or Stockholm.. In any
case, I now take great pleasure in calling on Professor Linstone who
will be the first speaker and will give ‘some introductory remarks on
the subject. Professor Linstone is Professor and Director of Systems

Science at Portland State University in the USA.
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Professor Linstone

Last year I was privileged to be in Tokyo for the first
DISCOVERIES Symposium, and I talked about breaking the chains of the
traditional systemé approach. Today, I would like to put this into a
more general context. First, I shall make a few introductory comments
about the general debate which is going on and some sources of misunder-
standing, and then I shall make what may sound like very grandiose
suggestions or rules or recommendations for planners, but in fact will
prove quite modest if you think about them.

Now as far as the general debate is concerned, we hear much
from the optimists about the future of the world. Talking about the
next two hundred years, for example, one of them (Herman Kahn*) expects
today's population of a few billions to reach fifteen billions in 2176,
with today's gross world product per capita of about $1300 going to
$20,000 in this time period.

At the other end of the spectrum are the pessimists. They are
very largely 'upper middle class" : at least, most of the intellectuals
that I know belong to this group. We talk much about the problematique,
about the enterprise state and about other forms of state, and we spend
a lot of time planning how to navigate between various types of
dangerous extreme. So I am going to talk about guidelines that might
prove useful in doing this navigation, since I strongly believe that

we must, and shall, avoid either of these extremes.

*
"The New Class". The Co-Evolution Quarterly, Spring 1977.
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I am going to begin by drawing attention to some very common sources
of misunderstanding about our future needs, and referring to the "Golden
Age" myth we are called on to discuss in this session, I want to say at
once that we do need myths, and we do need inspired vision, On the
other hand I believe we do not need a fixed plan, and we had better
beware of "wvalues".

There is much discussion today about changing values, and
I would be most reticent in talking about these values as my children
or grandchildren may see them. Their values will certainly be very
different from mine, and any planning that presumes otherwise for
thirty to fifty years hence I consider quite dangerous. In the era
of rapid technological development there are bound to be unexpected
as well as expected changes, no matter how much we may achieve in my
own area of technological forecasting. We should recognise that we
cannot avoid this, and probably we should not even try to do so. As
human beings, we are self-organising systems and we cannot avoid risk,
we cannot avoid uncertainty.

A second point, or caution, concerns our constant talk about
solving problems. To some degree I think this is due to the "brain-
washing" we have all experienced in our education systems. I would
suggest that we very rarely solve problems, we usually shift them -
because for every problem we allégedly solve we usually create a new
one. As an example, we have been most successful in increasing life expectancy,
reducing the death rate throughout the world dramatically. But in so

doing we have raised new problems such as what useful functions we can
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offer to elderly people in good health who now have an increased period of
retirement before them. This is only one example of the kind of new
problems that are raised, and although they are not really matters

for better and more precise prediction or forecasting they do, I think,
suggest some useful guidelines for our future thought.

First let me address the growth/no-growth debate. I consider
growth essential, but not growth necessarily in the same direction as
hitherto. The challenge here is to look for growth in new directions.
We have to recognise that nothing on the finite earth can keep on
growing indefinitely, and that our economic growth cannot continue as
it has for the last fifty or one hundred years in the advanced countries,
so0 we must find new directions for growth. It is my personal view
that talking about no-growth is immoral, unethical, for to me that
means the end of evolution. 1 believe we must continue developing and
growing, and the question for technology and science is therefore what
they can contribute to the search for new growth directions. People
talk about space colonies, and growing outward, but there is also the
possibility of inner growth. Considering that we normally use only a
very small part of our mental capacities; we might indeed regard this as
a frontier as well.

A second point is that we should do our planning so that the
options of future generations are enlarged rather than constrained or
reduced. In many cases, for example, we need very long lead times to
implement change. A good illustration of this is solar energy, the
availability of whichkin the next hundred years, in a form that we can

use, may well be determined by our own actions in the next decade. What
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we do in the next ten years, in fact, must have a very long-range impact
on the world's energy situation, and how easy or difficult it may be to
change from one form of energy to another.

This is not just a practical question but an ethical question
too = planning so that future generations may have wider optionss and
this may in turn mean constraints on ourselves. It means answering the
question = who is more important to us, ourselves or our grandchildren;
and very directly it can show us what kind of discount rate we are
using in dealing with problems that have future impact.

My third point is that we must avoid certain effects of technology.
It has often been pointed out that technology is neutral, but obviously
we misuse it - or use it poorly - that, in fact, is what technology is
about., In the energy area, I have fears about nuclear proliferation;
in the information area I fear the dictatorship of a kind of phycho-
technology; in the biological area I am very much concerned about the
five thousand new compounds that are produced every year, which we
certainly do not have the capacity to test thoroughly and which
sometimes demand decades to determine their impacts. These are areas
of great concern that probably need constraints.

On the other hand my fourth point is that we must concentrate
very hard on certain selected technologies. We sometimes forget that,
even before man was around, nature herself moved to more advanced

technology when faced with particular problems. Cesare Marchetti*, for

* C. Marchetti, "From the Primeval Soup to World Government : An Essay
on Comparative Evolution", in Technological Forecasting & Social Change,
11, Elsevier, New York (1977).
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example, considers negentropy in living matter as a "technological fix"
to tap our three hundred thousand terawatts of solar energy, and believes
that molecular reorganisation of the "primeval soup" or "primeval ooze'l,
as he calls it, tended initially to "drown" this in energy from the
evolving world mass. As this latter is now being gradually used up,
however, it has become apparent that it is a finite resourcé, and that
sooner or later a different source will have to be found to replace it.
(Incidentally, photosynthesis is a very sophisticated process, which
certainly developed before human beings were around; yet photosynthesis
could well be called a technological advance. So when we talk about

new sources of energy, new technologies, they are not usually new at all).

We sometimes talk these days about moving into the age of
substitutability, noting that we can virtually always substitute one
material for another. Alvin Weinberg and H. E. Goeller have written
about this extensively*,'and shown that the one key item in substi-
tutability is energy.

We can in faét substitute all materials provided we can have
essentially unlimited supplies of energy. So emnergy again comes to the
fore as a key requirement. In recent work at ILASA**, for example,

Jerry Weingart has concluded that solar energy can produce very
readily on earth one hundred terawatts continuously, and this is the sort
of quantity of energy that we have been talking about with fusion and

the various forms of fission energy***.

A, M, Weinberg and H. E. Goeller "The Age of Substitutability, or What
Do We Do When the Mercury Runs Out?" in H. A. Linstone and D. Sahal,
Technological Substitution, Elsevier-North Holland, New York (1976).

International Institute for Applied Systems Analysis, Vienna, Austria.

Energy in the Future of a Small Planet", Mitchell Prize paper delivered

J. Weingart, "The Helios Strategy - A Heretical View of the Role of Solar

at Alternatives to Growth '77 Conference, The Woodlands, Texas, Oct. 1977,

to be published in Technological Forecasting & Social Change, Vol. 11
(1977-78).
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Information can be considered as a relay for energy, and infor-
mation is another area we must push very hard. It has a potential for
moving in two directions - decentralisation and globalisation - for
there are certain problems (like those of world resources) that must be
attacked globally, while others (for example concerning participative
planning) can best be dealt with in a very decentralised way. We
have the possibility of a new form of poverty developing with the era
of information - poverty of information, which may well be far worse
than poverty of material goods.

My fifth point is one which sounds very trite, and yet one that
we seem to be up against all the time. It is the problem of trying
to reduce ignorance and what I call trained incompetence. C. S. Holling,
that inimitible British Columbian, writing about our understanding of
ecosystems, has said "... there could hardly be another area with as
much unknown. We have had a taxonomy of ecosystem structure for years
and only now glimmers of an explanation of the dynamics are emerging.". *

We also have forty years of experience in modelling ecological
and economic processes in a simplistically inelegant way, and at the
best we have only found what not to do. But if our knowledge here is
bad, our knowledge of man is considerably worse. Wherever we look there
are gaps, between methods, disciplines, institutions and constituencies -
and I think you can say the same of many other areas. So it helps to
understand or to recognise that we are still, as was pointed out by
Professor Simon in our first Session, working from a basis of

ignorance. Lillywhite, a medieval historian, has tried to estimate the

* C. S. Holling, "The Curious Behavior of Complex Systems : Lessons from
Ecology", in H. A. Linstone and W. H. C. Simmonds, Futures Research : New
Directions, Addison Wesley Pub. Co., Reading, Mass. (1977).
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impact of the spinning wheel (a rather simple machine) on society
generally and on books and learning in partiular. Linen was. a key
Eroduct in the middle ages in Burope for making paper, and because of
the spinning wheel and weaving there was available a big source of linen
rags, which meant a big source of paper-making material. Without this
there would have been no real need for the printiné press, for the
scribes who were doing the hand-writing of documents were perfectly
adequate until this large supply of paper became available. Then
suddently, writing by hand became a bottleneck and the Gilitenberg
printing press came in : with hindsight the logical sequence of these
events is easy to recognise, but to do the same sort of thing in
advance is extremely difficult.

My sixth point, and this is one of my favorites, is that we
should not stretch the paradigms of the scientific era beyond their
realm of applicability. Overselling is a common complaint of consumers -
a complaint in the business world but, I fear, also a complaint that we
can make againstmodellers and systems analysts and operational researchers.
I spoke at the DISCOVERIES meeting last year about our obsession with
quantification, mathematical models, data optimisation, specialisation
or reductionism, and I believe there is much more to be done in this
area beyond 'more of the same'", Sometimes I wonder if someone two
hundred years hence, looking back at our civilisation and at how our
history was written, might not find that it has been conditioned by its
development through systems dynamics models.

What I suggest, therefore, are dual focal points for our studies
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of societal systems, so as to include the total entity, the total whole
as well as the unique individual, and particularly the use of other
models that we may be less familiar with... other inquiring systems such
as those that Churchman has written about*.

Our looking at nature (and this again has already been suggested
in our Symposium) emphasises the idea that Holling discusses of the
"safe fail" rather than the traditional engineering approach of "fail
safe', ** Again I want to stress that natural systems are very different
from man-made systems, and that we can learn a lot from them : for
instance they do not optimise, they do not look in general for the
best solution, they have a Ioi of redundancy but they are very well
equipped for survival; and above all comprise a balance between analysis
and synthesis. Reductionism has been essentially our by-line for the
last one hundred years, leading for example to rules such as that which
says the more profound the problem which is ignored, the gfeater the
chances of fame and success. So if I have a complex problem I may try
to compartmentalise it and look at. each part in turn, solve each, and
then hope that the solutions to these separate parts will together

. comprise a reasonable solution to the whole. Very often this is not
the caée, and what we really need seems to be some general systems
theory of an entirely new nature.

My seventh point is not directly in the science and technology

area, but is perhaps far more important - it concerns encouraging

* C. W. Churchman, "The Design of Inquiring Systems'", Basic Books, N.Y.,
1971.

** C. S. Holling and M. A. Goldberg, "Resource Science Workshops",
Resource Science Center, University of British Columbia (Sept. 1971).
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organisational innovation. We have been dealing with the bureaucratisa-
tion of institutions, reflected in a high discount rate, resistance to
change, inefficiency and incompetence. At least in the USA,we find
that the more money we spend on sthools the less knowledgable are the
atudents that are the output. The more we spend on criminal justice
systems the more criminals we get; the more we spend on health the less
effective is the health delivery system.

So obviously we must be doing something wrong. The ideas
behind these organisations should be given much more attention, for
example the balance between local, national, regional, and global system
controls, rather than complete centralistion. We should try to stop
the encroachments of organisations on individual rights as well as on
individual duties, and to broaden the control of the organisations so
as to reflect social responsibility in a way that has certainly not
yet been done. Happily, there seem to be today some beginnings‘in
these directions.

My final point (and again this is not in the science and
technology area, from which I constantly find myself moving out) is
that we must encourage changes in individual attitudes and behaviour,
particularly concerning the concept of responsibility. We have seen a
subtle drift in many countries from individual to institutional
responsibility - whatever is wrong is the fault of the institutions
rather than of the individuals, and I think this raises some very funda-~
mental issues. I do not think the problems have yet been fully recognised.

T would like to quote in this connection my friend Aurelio Peccei,
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in his latest book*, who writes that man can find salvation only by
changing something inside himself, and that the new strength he needs
cannot be something outside him but must surge up within him. Either
man must understand fully his new complex, and accept all the
responsibilities this entails, or he must fall victim to his own
inner crisis. Only a new humanism can bring about such a transformation
in him, raising his quality and capacity to .the level of his new
responsibilities. The emphasis here is on individual responsibilities.
And I would conclude by saying that such transformation can no
more be dictated or legislated by society or solved by technology,
than can concepts of ethics and morality. It is an article of faith and
hope in the individual, and our societies of the future will be built

on that.

Professor Marshak

Thank you, Professor Linstone. I think we are all aware of the
need for better bridges between science and humanism, and in now moving
from the general to the specific we have first a "transition" speaker.
I am delighted to introduce Professor Anders Rasmuson, who is President
of the Royal Institute of technology in Stockholm and who will speak on general
prerequisites for the social acceptance of technology, with particular

reference to some economic problems.

Professor Rasmuson

Professor Marshak, Doctor Honda, Professor Caianiello, perhaps

* A. Peccei, "The Human Qualtiy", Pergamon Press, Oxford England (1977).
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I should first explain that I am a chemical engineer by profession, even
if I have been an administrator for many years. But my real interest is
in engineering, in the chemical and industrial fields, and it is from
this viewpoint that I am going to offer you some remarks on the optimum
size of factories.

I will start with a little history. In early primitive society,
the production of articlgs needed for living was the business of
everyone, or at least of one member of each small group of people. Each
group was thus self-supporting, and there was little exchange of goods
between groups.

In many small village communities this system survived until
very recently, even until the last century. In larger communities,
however, such as the states and empires of Greek and Roman times, the
production of gertain goods was already being organised on a larger
sclae as was also foreign trade in the goods so produced. Production
took place in a primitive type of factory, the labour force comprising
individual craftsmen, often supported by slaves working at the same
place and in the same manner as the craftsmen. Supplies of raw materials
and the trading of goods produced were co-ordinated by specialist
administrators and merchants. This type of factory still exists, and has
recently gained new importance in some fields such as art handicrafts.
Production in these fields may also be organised as home work; however
co-ordination of purchases and sales is still necessary and a powerful
reason for co-ordination of the production itself into larger units.

The growth of the modern factory, however, results from the

mechanisation of production and the use of other sources for power than
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men or animals. The design, construction, operation and maintenance of

the machines require a number of specialists, and comparatively less

skill from the workers who then run the machines. The much larger production
volumes then possible, as well as the large financial investments needed for
buying and installing the machines, also necessitates organisation into
larger units, as wéll as the setting up of trénspoft systems for big
volumes of goods and raw materials over long distances. The establishment
of larger workshops and factories must also demand a steep rise in
manufacture of the necessary machines, leading to the standardisation

of many machine characteristics and opening the way to '"rationalised
production” and hence the modern concept of mass production.

Especially in the motor car industry, there has been an immense
growth of factory units during the twentieth century. - Today, essential
components of the car, such as castings, gears, complete parts like
carburetters or starter motors, and even ‘complete engine-and-transmission
units are made and assembled in separate factories and the same parts
are used in many types of cars and other vehicles. To take another
example, in the process industries (for instance in the chemical,
metallurgical, petroleum or cellulose industries) a major evolutionary
step is the change from the batch process, that is a portion-wise
process, to continuous-flow processes. This change has already taken
place to a very great extent in the petroleum and chemical industries,
it is under way in ¢ellulose industry, and is coming (though as yet
it is not very advanced) in the metallurgical field. In a continuous

process every part of the equipment has a precisely specified function
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and can therefore be selected for the highest efficiency. Such a
process lends itself to automatic control (since different variables
such as temperature, pressure and velocities will in general need

to be kept constant), and production,capacity can usually be increased
simply by increasing the volume or area of the man-ppoducing system...
at least up to a certain size limit determined by parameters such as
handling capacities, strengths of materials etc.. This size limit has
grown very rapidly during the past two or three decades.

Larger equipment generally represents a smaller increase
in cost than the increased capacity obtained: on average, the cost per
unit capacity decreases about twenty per cent when the capacity is
doubled. Further, in a fully mechanised and automatically-controlled
factory, increasing capacity does not call for equivalent increases in
the number of operators. In times of worker scarcity and rising
salaries, this has been a major reason for larger units in the process
industry.

Larger units also have other advantages. Unused raw materials
or by-products, or energy discharged as '"waste" may be recovered with
higher efficiency where larger quantities are handled. - There may even
be scope for restricting environmental pollution so that it does not
increase when capacity is increased.

The total reduction in costs with larger units in the process
industry varies with the type of product and the process, but on-
average the cost per unit produced decreases ten to fifteen per cent

when: capacity is doubled. However this reduction is only achieved with
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full or near<full capacity operation, so that an expansion of the
market for the product concerned must also be "engineered'.

In any period of lew-capacity operation, capital costs of a
greater capacity will be a heavy financial burden. It is also important
to avoid unplanned production stops due to equipment failures, as well
as delays in reaching full production capacity after starting up. This
demands thoroughly planned maintenance equipment including duplicated
components, spare parts for exchange, and planned maintenance stops
with the exchange of components before failure. -Special groups of
skilled workers must be built up for maintenance work, together with
special investigation procedures for detection of incipient machinery
failures.

In principle, a larger factory will contain larger quantities
of raw materials, intermediary products and end products. Special
precautions may therefore be needed to avoid envireonmental pollution
under normal running conditions. A hazardous shut-down may mean risks
of severe pollution of air, water and land, and a real danger to the
neighbourhood of the factory. This puts a special responsibility on the
maintenance and safety organisation inside a factory, as well as on the
resources of the community outside. A close co-operation and complete

‘exchanges of information inside-outside are absolutely essential to
prevent avoidable damages to people and property. 1In spite of every
precaution, however, it does not seem possible to eliminate completely
the fear of large factories often felt by people in their neighbourhood.

The larger a factory is, the more the work is specialised,
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mechanised and automatised. Each individual worker therefore handles
only a few simple operations, or watches instruments and machines in
readiness to take over if some failure develops in the automatic
operation. More complicated operations, such as changing machine tools,
and starting-up or shutting-down processes, are normally done by
specialists. The ordinary work demands very little skill, is monotonous,
andearries virtually no responsibility : this leads to job dissatis-
faction, strikes, illnesses, stresses and psychiatric breakdowns.
Obviously rationalisation has gone too far in these cases, though

"job circulation" within a group of workers has proved a useful way for
combating the problem of boredom. Another way, to be tested in the
future, could be the use of mechanical robots, though these would result
in a new problem of increased spare time. That problem could be
circumvented (though not solved) with hobbies and do-it-yourself
activities; but job satisfaction would and will remain ome of the
essential problems of the industrialised world of the future.

As a rule, more challenging tasks and more responsibility give
more job satisfaction, but there is an increasing percentage of citizens
unable to cope with such demands who respond with dissatisfaction and
become social charges to society.

A large factory often dominates the community around it by
providing the bulk of local employment. When this is the case, if the
factory has to close (as is happening frequently in the present period
of economic stagnation) the community suffers real tragedy. PEmployees,

often born inside the community, have to move to other parts of the
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country, selling their houses at low prices because there is no demand
for houses near a closed-down factory.

Further enlargement of the factory may be attempted,rtq achieve
a more farourable economic size, but this can be disastrous for other
activities of the local community whose economic life becomes even more
inflexible than previously. The factory itself also becomes more
inflexible as it becomes more specialised, mechanised and automatised.

In addition, the factory may depend on local raw materials or certain
facilities such as process water or transport systems, which again-limit
scope for change.

The tendency to erect large units is not restricted to factories.
Electric power systems, power stations, sewage treatment works and many
other installations are examples of the trend, while extending
urbanisation and big cities also present the problems (and advantages)
just discussed for larger factories.

We are also faced with new and severe environmental risks -
for example, over o0il supertanker disasters leading to heavy contamination
of waters and coasts. In the nuclear field, some safety measures become
much more_difficult with increasing reactor size and power output.

I would like to end this review by pointing out that one.of the
most dangerous effects of installing very large industrial units (with
their admitted technical and economic advantages) is that they can
prevent the erection of new small factories and the development of new
industries. This means that new ideas and the development of technology
and society could be impeded, which could be fatal for the future of

mankind. Already,today, I think we have many examples of this. Yet large
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units do have important technical and economic advantages, including
greater efficiency in the use of energy and other resources. We

cannot afford in the future to disregard these advantages, so we have
the dilemma of balancing great advantages against great disadvantages,
especially in the social and organisational as well as the material
fields. This means that the advantages and disadvantages must in future
be analysed more carefully so that we may achieve optimal compromises
for both mankind and nature.

I believe this can be‘done only through cooperation between
all kinds of sciences and all types and classes of people, and by the
fullest possible exchange of ideas across the borders of the sciences,
the borders of classes, and the borders of countries and groups of
countries. Simple communication is not enough : a certain degree of
knowledge about the many fields concerned is needed at least from a
number of key ﬁersons. Scientists need to study and understand political
ideas and ideals... and politicians need a much better knowledge of
the fundamentals of science. The different groups must learn to talk
each others' languages.

The DISCOVERIES series of Symposia could be an essential step
in this development but much more must be done. Not only must our
factories of the future be more flexible, we must be more flexible
ourselves. That is a very essential point. And we must also be able
to create work for individuals of different types so as to take care
of their different abilities... including the abilities we find in the

developing countries.
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How are we going to organise all this, combined with the
greatest possible freedom for individuals? That is one of the most

essential problems of the future.

Professor Marshak

Thank you very much, Professor Rasmuson.

The next speaker is Professor Solveig Wikstrém of the
Department of Business Administration at Stockholm University, who is
going to discuss the prerequisites for the social /moral acceptance of
technological change in society, with special attention to the consumer's

point of view.

Professor Wikstrom

Dr. Honda, Mr. Chairman, lLadies and Gentlemen, I would like
to start with a question : who should be responsible for the negative
outcomes of modern technology? Those who have déveloped the technology
or those applying it? My own answer is that the users should hold the
ultimate responsiblity, for it seems to me that the "credibility crisis"
over technology cannot possibly concern the technoloéy per_se, but must
concern the way it is applied in the production of goods and services :
it is here that the negative side-effects come out. So, if we want to
counteract the credibility crisis over technology, we should start by
analysing the organisations which use that technology.

In a capitalist world most of these organisations are business

enterprises. As a management scientist myself, I would like to contribute



99.

to this session by analysing the prerequisites to ensure that business
enterprises contribute to human welfare... by which I mean to "a good
life" for the people. I shall also discuss the causes of foday‘s
malfunctions, and finally discuss what may be done to counteract the
credibility crisis. 7To help with my analysis, I shall use a simple
conceptual model {(Figure 1) to represent a typical working system.

Starting at the top {centre) of Figure 1, the main goal for
a business enterprise must always be to generate positive economic
results, otherwise it will very soon be out of the market. Goals may
be expressed in terms of earnings on working capital, of increased
annual sales, or of increased market share.

The missions of the enterprise refer to the type of business
it is engaged in, which could for instance be anything from electronics
to breakfast cereals, from transportation to retail services. The
enterprise must have an organisation to carry out activities necessary
to fulfil its missions, so as to achieve its goals which, as noted,
comprise the generation of positive economic results (bottom of the
"Business Firm" box in the diagram).

As a consequence of this central operational structure, much
effort is of course devoted to budgeting and accounting, measuring and
reporting economic results (see the arrow from results to goals in the
diagram : the monitoring of this loop is top management's "focus" for
controlling the enterprise).

But besides results there are also external effects, and

sometimes there are other types of goals besides profitability, such
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as a good working environment, certain ethics in product development,
good relations with local society, etc. However these are ugually

only vaguely formulated and verbally stated and therefore of limited
impact. If the enterprise generates poor economic results, then
management is inclined to ignore the social goals, though the<socia1
results (part of the external effects in the diagram) will nevertheless
follow.

I now come to a major part of the external effects, namely
effects due to the interaction and interdependence between the enterprise
and the rest of society, or broadly, the environment.

There‘are several environmental variables which affect the
ability of the enterprise to carry out its missions and to generate
positive economic results. Technological development (Figure 1) is
probably the most important variable, being the basis for thg growth
of the other. economy-oriented variables in the diagram, and thus the
basis for our high living standards. I think that the business
enterprises have interacted successfully with the technological and
economic environment, from the business point of view, and to some extent
also from a societal point of view.

However, there is another part of the environment, the "socio=
political™ part in the diagram, to which "business" in general has
adapted poorly. Business and industrial enterprises have not given
sufficient consideration to the negative external effects of their
behaviour, such as water and air pollution, noise, wgste of scarce
resources, the effects on people's health and well-being of detrimental

and hagardous products, the dissatisfaction created by unfair marketing
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practices, and the consequences for employees of a poor working
environment. It is these types of external effects which are céusing
the present credibility crisis for business and technology.

Counteractions so far from the socio-political environment
have taken the form of laws and norms to regulate business and
industrial behaviour. New government agencies to enforce these new
laws have been established.

There are several reasons, I think, for these public policy
actions. One is that business enterprises have shown insufficient
concern for the external effects of their activities. Another is the
increasing concentration of business and the increasing sizes of the
enterprises concerned... already mentioned by Professor Rasmuson. A
third reason is changes in the value system. More and more emphasis
is put on people's security and safety, on equality and on responsibility
for the weaker members of society, as well as on the presertation of
our environment and on concern for future generations (which Professor
Linstone emphasised). The changing value system indicates that
maladjustments or mismanagements of business enterprises are becoming
less tolerated, resulting in increasing calls for new regulatory laws
and norms,

Unfortunately, however, there is a tendency for new regulations
to create the need for more new regulations, and this eould very well
lead to an inescapable and intolerable bureaucracy. So I ask the question,

what are the alternatives? What can be done?
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First, it is important for business enterprises to know how they
are evaluated outside the traditional annual financial statement.
Evaluations today are far too narrow : the most profitable firms
are the best, even if they are destroying the environment, or
making dangerous products or products with little long-range
utility. So how can we get a broader view of business performance?
Today, intense activity is developing in the area of "social
accounting", and recent work has shown it to be possible, and even
useful, to work out a complementary accounting system encompassing

social effects.

In the short term, the only alternative to more laws is more social
conscience and self-adjustment by the business enterprises themselves.
External effects in the social and environmental fields are today
normally handled at a very low hierarchical level in the enterprises.
If they had to be measured and accounted for financially, they would
immediately become of interest for top management. But I believe
business has to go further. Everything cannot be measured and accounted
for : we also need more business managers with high ethics and
integrity, to restore confidence and credibility that business and
technology can benefit all society's way of life. I think it is

time for us to give ethics a much more important place in the

debate for a better society.

In the longer perspective, it should be possible to do more to
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redesign the system - by which I mean to modify the relations between
government, business, governmental agencies and the public. From the
theories of organisation we can learn that mo‘dels relating goals
with means for their achievement are not working well for managing
complex systems. An evolving or "learning" model is much more
appropriate, which means a continuous information exchange between
the various components of the system about what is desirable and
undesirable, about what is possible and what alternative trade-offs

may be available.

All external effects can probably not be avoided. I have,
however, pointed out the importance of measuring and accounting for
them, to make them part of the decision basis. What is needed to
harmonise the system is to create better correspondence in the value
systems on the different levels. I have referred to changing values on
the individual level, implying a change from quantitative to more
qualitative goals, from level of living to quality of life. In the
same way, we should enlarge the goal structure for business and
industrial organisations so as to include social aspects and social
goals. I believe we should seek similar changes at national and global

level, from GNP to MEW, or Measure of Economic Welfare.

Professor Torngy Segerstedt, at last year's DISCOVERIES
Symposium, stressed that for a society to survive it musf have common
norm sources. What I would like to add is the need to have common
basic values at all the different levels in society - at the individual,

national and, if possible, international and global levels - about the
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essential needs of the human being and of all mankind.

Professor Marshak

I shall next call on Profssor Ulrich Briefs, of the Dusseldorf
Institute for Economic and Social Studies, who will speak on humanising
computers : I understand he may also have a few words to say about

Developing Countries.

Professor Briefs

Mr Chairman, Dr Honda, Professor’Caianiello. What I have to
say regarding the problems of technological development in society are
mainly related to the development of computers and the processes
of computerisation. There is no doubt that many people are worried,
and even frightened, by these developments. So, with this introduction,
I want to offer a few remarks about the role of the computer in shaping
the industrial civilisation of the future.

The development and the spread of computer technology is
creating a universal infrastructure for information processing in
nearly all sectors of modern life. Although the advanced industrial
societies are ahead of the less developed societies in the use of
computer technology, it seems to be only a matter of time before the
latter reach the stage where technology is an indispensable means in
nearly all realms of their life. Computer technology and the rapid

process of computerisation may thus be one of the principal influences

whereby quite a few pre-industrial, and in some cases feudal or even tribal
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societies are transformed into modern industrial societies, predominantly
"western" in outlook and based on what may be called the capitalist mode
of production. And it is in close relationship with this mode of
production that the effects of computerisation on the industrial
civilisation of the future have to be considered.

Computer technology is basically a very flexible technology,
which can be responsive to quite different social forces and cultural
impacts. It is part of the regulating mechanism of today's production
in the western world, its benefits being frequently (though not
always) offset by negative effects such as a contribution to unemploy-
ment, disqualification, or the worsening of working conditions, mainly
in the developed countries but increasingly in the countries of the
Third World also. These negative consequences essentially result from
the very success of computer technology in increasing producfivity and
saving labour, developments whose major effects are probably still far
ahead of us. At the same time they are the outcome of failure to organise
production in the capitalist system so as to provide for a fluid use of
all human, material and financial resources in a sensible, human way.

There are five features of computerisation which bring into
focus its inherent positive and negative forces - its universality, its
iptegrative capacity, its flexibility, its intellectual powery and its
promotional capacity with regard to establishing bureaucratic control
structures and procedures. These five féatures have contributed to the
evolution of (I quote from the American Ministry of Trades Review) "a

space-covering network with distributed intelligent capacity" as a more
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or less general infrastructure of the industrial society of the future.
This development will probably lead to the computer eventually becoming
as trivial an instrument (in some respects a gadget) as are the telephone
or TV today. So the progress of computerisation, and its consequences
for individuals and collective structures, will largely affect the needs
of men, their styles of working and thinking, their ways of getting
along with each other, their capacities to deploy their creative forces -
briefly, to put it in Marxian terms - their qualities as individuals and
their relationships with their fellow individuals and their societal
environment.

Some of the main consequences for our future civilisation of

this process of computerisation may be :

- first, a greater conformity among individuals, resulting mainly from

more uniform working conditions, more uniform training, and so on;

- second, the disappearance of quite a few traditional lines of working
and thinking, especially in traditional crafts but also in the white

collar field;

- third, a loss of independence, due to the fact that with increasing
computerisation the performance and development of individuals tend

to be increasingly dependent on the capacity of the machine systems;

- fourth, a consequent loss of self-consciousness and of the feeling
that man can rely on his own productive capabilities... a loss of

what in German is so aptly called "Produzentenstoltz" - which literally
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translated means "producer's pride"*.

fifth, an increase of the relative but not at all splendid isolation
of the worker from his working comrades; due to an increasing part
of his functional communication being not with them but with the

machine system;

sixth, a consequent loss of workers' possibilities to organise
themselves to challenge the negative effects of technological develop-

ment and computerisation;

seventh, a subjection of intellectual and behavioural structures to
the more or less uniform patterns of computer-oriented activities
for example the "rationalisation of thinking patterns" through

optimisation structures;

eighth, the erosion of traditional cultwral systems by computerisation
(for example, in some parts of the Islamic world it is an offense

against God to produce optimal things);

ninth, the substitution of outcome-oriented methods of thought and

understanding in place of process-oriented methods*?*;

tenth, the replacment of personal values by "instrumental" values

(for instance, dehumanised and smonymised coding systems may lead to

*

* ¥

On the other hand, in some cases electronic data processing can contribute
to strengthening this consciousness and this pride.

The worker is normally unable to understand what is going on in a computer,
the latter being far more a black box than, e.g. a blast fumace or a
machine tool. This product-oriented view which disregards the concrete
processes of production may be potentially dangerous if transposed to
realms of work where human intellect is still necessary.
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the manipulative use of men or, possibly even more dangerous, the
manipulation of personal data and a menace to long-cherished

privacies*);

- eleveﬁth, the imposition of a more rigid working discipline, especially
with regard to the temporal dimensions of working conditions, but also
with regard to certain locally-rooted customs (I am thinking, for
instance, of possible conflicts with the Ramadan regulations in the

Islamic religion);

~ twelfth, the eventual displacement of native languages by the inter-
national lingua franca-~English, computerisation being a major

promoting force in this process**;

- thirteenth, and last point, the creation of the "organisation man" -
the product of large-scale bureaucracies in modern corporations, not
only of them but especially for them - functional, interchangeable,
exchangeable and expendable... in a sense the human arm of computer-
based planning and control, budgeting, object and career promotion

systems and related structures.

The principal overall result of the process of computerisation

on the industrial civilisation of the future may thus be the shaping

"input-output" thinking, and corresponding "black-box attitudes" induces

and embodies complete disregard of the essence of the properties of the systems
considered. Applied to human beings and their collective bodies, this

means a complete disregard of the substantiality of the human beings involved :
it adds one more to the many forms of alienation which are in operation in

the modern industrial world.... possibly one of the more powerful forms.

The loss of local languages could be particualarly serious as a contributor
to the loss of identity and culture in the countries of the Third World,
including loss of personal identity by those affected.
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of a uniform industrial civilisation by the spreading of systems,
attitudes and forms of behaviour which have been developed in the
advanced western countries. The effect is likely to be particularly
marked because computer technology enforces the transformation of
intellectual structures and intellectual work : it deeply affects the
imaginative and creative capacities of men, contributing in a demanding
manner to their transformation into what they need to be within a
modern industrial society dependent on the capitalist mode of production.
For the Third World, computerisation may thus be part of a
process in certain respects analogous to the transformation of workers'
minds and personalities in the 18th and 19th centuries in Burope and
in the US. However, the effects of the process are not so much induced
by "the thing" - the machine and the technology - but result mainly
from the eonditions of the economic system. The speeding up of techno-
logical develpopment and rationalisation under conditions of a stagnant
economic system subject to recurrent crises creates the bulk of the adverse
effects of computerisation. Under these conditions, the flexible data-
processing technology has to be used to reduce costs (especially overhead
costs) through standardisation of production, handling and distribution
of goods, provision of servcies and all other social activities, leading
to more and more uniformity by introducing more rigid time and performance
control, depreciating the qualifications innate to workers, subjecting
.all human thinking and behaviour to economic criteria, overruling local
subcultures and small-scale activities as uneconomic extravagancies,

Instead of exploiting the development potential of electronic data
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processing for more variety and more humane patterns of research and
application, those responsible for this development are obliged by
"external" conditions to direct it according to the restrictions imposed
by an economic system which cannot fully deploy its productive forces.

Some of the conclusions to be drawn from all this may therefore

- applied EDP should be introduced only with the consent, and not
against the dissent, of those who are to be replaced and those who

will have to work with the system;

- research and development in EDP should be under permanent surveillance
by representation of the workers for whom the system is developed and

the researchers who develop it;

- the funding of EDP developments and applications should be planned
as parts of an overall medium-term forward strategy for technological

development, preferably on a national scale;

- the allocation of funds should be controlled by. the democratic

representation of the whole population;

-~ all groups and persons involved in EDP development and in the operation
of EDP systems should have the possibility to discuss continuously
and openly their progress and experiences, and to exchange their results

freely;
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- electronic data processing technology and its language should be as
far as possible de-technicalised and made accessible to whoever may

be interested in it;

- lastly, scientific bodies should try to integrate scientists and all
kinds of users in a truly multidisciplinary way in order to review the
flexible potentials of electronic data processing, and to provide

for more humane solutions to the problems raised.

My overall conclusion is that the dangers I have mentioned in
connection with computerisation and EDP should be met by subjecting all
technological developments to the needs of those who will work with
them, as they themselves perceive these needs. ' That implies fundamental
democratisation of the processes of econamic and technological develop-
ment, as well as the process of computerisation. It is my belief that
computerisation is a basic technology which can be used for good or
for bad, humanely or inhumanly. It is up to the progressive forces in

our society to ensure and enforce a democratic development.

Professor Marshak

We are hearing some very provocative talks! Gur next speaker is
Dr. Achille Lucio Gaspari, Professor of Experimental Surgery at Chieti
University, who will talk, I believe, on the role of technology in the

health area.
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Professor Gaspari

Mr Chairman, Dr. Honda, Professor Caianiello, I will limit what
I have to say to the conflict between technology and welfare in the
field of medicine. At first view it might seem that this is a field
where there should be no conflict. We have heard from Professor Wikstrom
that certain types of technologies, such as industrial ones, are mainly
directed towards economic results (which is quite understandable) and
that in pursuing this aim they produce certain negative phenomena such
as pollution.

But for medicine, whose aim is the prevention of illness and
therefore the maintenance of wellbeing, 'at first view it might seem
impossible that there could be disadvantages to conflict with the
desired benefits. But unfortunately this is the case, and there are various
examples of conflict between medical technology and wellbeing: we must
therefore ask ourselves how these situations can arise.

Examples are to be found in the development of new drugs, of
new techniques of diagnosis, or of new therapeutic methods. Unexpected
side-effects of new drugs, in particular, can lead to widespread public
emotion, as for example in a recent case of a tranquiliser drug which
it was found could give rise to birth of deformed children. Although
this was of course a very serious matter, fortunately (due to the human
gestation period of nine months) the bad effect was discovered éomparatively
quickly and appropriate action taken to ban the drug. But there have
also been serious phenomena which did not become evident for much

longer periods - even ten years and over - and I refer not only to
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drugs but also, for example, to radiographic x-rays, which give the
possibility of diagnosing and curing serious illnesses which before
were often undetectable until too late, but which also involve radiations
which themselves can cause illnesses (notably, malignant tumours).
Another example is the use of radiation to cure infections of
the thyroid, especially in younger people, by irradiation of a gland.
This treatment was initially given an enthusiastic acceptance by
ihysicians, because previously surgery and glandectomy gave rise to
~~mplications, sometimes particularly serious ones which became
-mmediately apparent so that they obviously resulted from the surgery
being unsuccessful. But statistical observations over long periods
of patients treated by irradiation have shown that, in many cases,
_malignant tumours have developed after a number of years.
So here are just three examples of situations which may arise from
the conflict between the potential benefits and dangers of medical treatment.
What are the causes of this, and what may be done? First of
all, if we develop a new drug, or chose a new technique, we always
pass through a phase of experiments on animals; but there is no
certainty, no guarantee that the response of an animal, although it
may be approximate to man, will give results 100% applicable to man.
So the results always include the possibility of risk. Furthermore,
and as for surgery (which is my specific field, and where also we need
to prove our techniques by the use of animals which are very near to man,
such as dogs or primates) there are movements of public opinion and associ-

ations which try to prevent experiments on animals - not only to
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control them but to prevent them entirely. I am afraid I think this
may create even more serious problems in future concerning the safety
of new surgical techniques. Other problems may then result from haste
in adopting these, and other new therapeutic techniques, under the
thrust of emotion - for instance, when the first (very partial) results
of a new technique seem to be encouraging, and it is difficult to avoid
the work becoming publicised. Doctors frequently have patients whose
lives are in danger asking insistently for a new remedy or cure possibility
about which they have heard promising reports - but which is not yet
properly evaluated - and it is sometimes very difficult, especially
for a doctor who himself is convinced about the validity of the new
cure, to refuse.

There are also other less justifiable incentives, such as
economic interests and especially in large pharmaceutical firms, which
may encourage the marketing of new drugs without contributing to
research into possible side-effects. In short, at least in Italy,
there is considerable difficulty in finding adequate finance for
scientific research that many doctors consider necessary. That is what
Professor Caianiello has described in his nightmare of searching for
support for particular research. Like the Professor, I too have lived
this nightmare, seeing plans for research rejected by public organisations,
who are neutral to these things. To be fair, on some occasions, some
finance for research has been provided by interested pharmaceutical
firms : and there, while I would certainly not wish to suggest bad faith in

research, I must nonetheless record my feeling that all funding is not entirely
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'neutral” - even in completely good faith, constraints may be applied.

For example, concerning use of the contraception pill, I believe
insufficient publicity has been given to the results of long-term
studies of the risks, rather serious risks, such as thrombosis with
the pulmonary embolisms, which have caused deaths in young women, and
also the dangers of tumours complicated by haemorrhages in disease-
prone patients. Literature concerning these risks has certainly not
been disseminated as widely as it might have been among physicians.
practically concerned with these matters.

So there is a certain imprudence on the part of the physicians,
and here I would like to go back to the concept expressed so well by
Apostel : alienation. I am afraid many doctors tend to forget that their
main day-to-day duty should be nothing else but the cure of the patient;
and this failure derives from the fact that in many large hospitals
human contact between patients and doctors has been lost. In the past,
the family doctor was not only a technician, called to interpret symptoms
and possible complications; he was also a friend and a confidant,
‘someone with human sympathy with his patients, a "reference" unit from
both the physical and the spiritual point of view.

But this attitude has been largely lost, and often replaced by
psychological anarchism in the medical researcher, making of him an
individual. who follows research as a beautiful quest... without asking
himself, im developing his applied techniques, what are the advantages
and disadvantages of being a technician, for example a surgeon, in love

with the beauty of perfect surgical interventions without questioning



116.

whether they are reall& called for. Such a surgeon may prefer, for
instance, to carry on demolition pperations for diffused tumours

because he wishes to conclude brilliantly something which is technically
difficult, to asking himself whether the intervention,‘from a technical
point of view, may or may not contribute to extending the life of the
patient, and to the quality of life which the patient will enjoy for
the remaining years of his life.

We sometimes have quite terrible mutilations for tumours which
are diffusea in the peritonal cavity, needing complicated artificial
body components to replace the natural ones remoied, and it may be
shown that these interventions rarely extend the life of a patient,
and may even shorten it, while certainly worsening its "quality".
Regarding specific research activities, whoever goes to a congress of
surgeons often hears younger surgeons speaking of their own bosses as
if they were masters, though sometimes they are by no means the masters
they like to be called. The younger surgeons may in fact acquire from
their elders, the more expert surgeons, a craving for practical
experience of surgery. Then, when a difficult case occurs, when the
indication for surgery may well not be advisable, the younger surgeon
may feel compelled to make an intervention, wanting to have the experience
himself, without asking himself whether this would really be useful for
the patient., I believe this is a really serious matter, which should
encourage us to review everything which is learnt in specialist schools
of surgery.

There is a further matter on which doctors are not always in
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agreement, and that concerns the desire to preserve life at any cost.
Man has always tended towards a concept of immortality, but has perhaps
not yet fully appreciated that quality of life is much more important
than mere duration at all costs.

Sometimes such extreme efforts to preserve life may involve
major problems. Anyone who has visited a reanimation centre knows that
cortain patients are kept alive artificially in a biological way, as still-
{ .actioning bodies but no longer with a functioning brain to support,
or to be controlled by. It is hard to justify the use of very expensive
imquipment for such a purpose, so depriving other persons, with greater
#ossibility of recovering, of their chance of survival. It is also, I
*:iow, profoundly difficult to justify any act which must lead to
extinguishing a human engine, and so extinguishing the life that engine

is supporting. But we should ask ourselves what kind of life are we

defending. I believe here there is need for a new study, at clinical
level, to evaluate '"cures" in terms of human life rather than animal
existence. For at present we often do not know, we cannot be certain,
if one type of cure is better than another in this sense.

Almost all surgeons divide their patients {randomly) into
groups, using one technique with one group and a modified or different
technique with another - then they follow the statistics of survival ~
to find which technique has yielded the better "cure". And here is
another major problem, because if some of us physicians should have to
make a choice of this kind for one of our own relatives, what would we

do? Normally, when we have to chose between two types of technique for
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a cure, we are uncertain as to which is the more likely to succeed.
Sometimes, preliminary tests (even if they are not conclusive) give the
impression that one possible treatment is more promising than another,
but if we make our choice on this basis we cannot avoid thinking of the
consequences if our decision proves to be the wrong one. The thing is
made even more serious when the comparison is not between one treatment
and a possibly better one, but between two types of treatment one of
which may worsen the situation. To give an example, a currently
fashionable treatment for a certain type of cancer is by tissue grafting
together with the use of special drugs. In many cases this has given at
first a positive result, that is a decrease in the recurrence of the
disease. But after a time, in some cases leukemias have developed,
apparently caused by the use of certain drugs. So we have divided
patients into two groups (choosing the groups completely randomly) and
we have found experimentally that one type of drug treatment aggravates
the prognosis of the illness. This is a type of research which must be
done, but which causes us all much heart-searching. We cannot feel
detached and regard it simply as an intellectual problem.

It is difficult to indicate a solution, but I would like to
put forward a few possibilities. First of all, concerning finance
for research : this should come from bodies which are entirely neutral,
having no interest whatsoever as to whether one drug or another should
be adopted or rejected, or whether one technique should be preferred
rather than another one, or one equipment or apparatus in preference to

another. I believe this to be essential because, without in the least
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questioning the good faith of the researchers, some external influences
may be dangerous and this possibility quite simply excludes theﬁ.

Anothér criterion I would propose is that there should be no alienation
or pefsonalisation : calling for the highest possible moral approach

by the researchers so that career interests to carry out a certain
number of operations, to have sufficient case histories for (for example)
an important congress, do not lead to operations being made when they are
not really indispensable. These are things wﬁich may occur, and they
call for a process of gradual learning, to eliminate feelings which have
nothing to do with a doctor's dedication to treating and curing patieﬁts.
This is very important.

Finally, there is a problem of ex-clinical experimentation. I
believe that at least for a very long time to come wé shall not be able
to develop models, even imperfect ones, which may solve all our problems
of diagnosis and cure so that clinical experimentation on patients becomes
unnecessary. I do not believe this will be possible, so that we shall
always be obliged, at a certain stage (we may hope after a long time and
after many preliminary and "prudent" tests) to have recourse to clinical
experimentation. But I believe we cannot take patients at random and send
them into one group or to another one for these tests. Rather, with
full respect for each person, we should discuss the problem and have the
agreement of each patient, explaining to him exactly what we know and
what we do not know about the various types of treatment we wish to test.
For, just as I believe we would not choose in a random manner to put one
of our own relatives into any particular experimental group, so I believe

we should not do this with anyone else.
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Professor Marshak

Our next speaker will be Professor Carlo Pucci, who has agreed
to make some provocative comments on the other talks we have heard, as an
introduction to our discussion. Professor Pucci is President of the

Italian Mathematical Union.

Professor Pucci

I must first thank Dr. Honda for providing this opportunity to
hear the opinions of scientists from many different fields on the very
important problems indeed we are looking at in this Symposium. My own
contribution will be very modest, at least partly because I was asked only
yesterday to speak on the credibility of science... and I would like to
thank Professor Caianiello for the faith he had in my ability to speak
on this subject.

May I briefly sum up the problem as I see it. Any scientific
theory has to some extent its own language, clearly defined and based on
certain assumptions. 1In applying the theory, we have to understand the
relationship between these assumptions and the phenomena to which they
refer. And this is something about which we can never be sure, for the
relationship will normally be based on experience, and therefore subject
to a variety of 'non-scientific!" errors. These errors may be due to
chance; or they may be systematic errors or biases due to the scientists
themselves (who, for example, may be prone to overestimate their achievements);
or they may be due to technocrats wanting to present as scientific truth

what in fact is a political choice. Errors may also be due to the use made
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of a theory, forexample when applied to human beings, who usually have a
psychological need of security. Patients, for instance, want to be sure
about the diagnosis made by the doctor; and while I appreciate

Dr. Gaspari's idea of telling patients when a doubt exists, I believe
that in the majority of cases patients would reject this type of
involvement. What they need is psychological support.

This applies to medicine, but I am sure it also applies in
many other fields, where there is sometimes a need for "security"
(assurance that thinking is "along the right lines") so that scientific
theories are blamed for errors that are not due to the theories themselves
but rather to their presentation and their employment. This type of
credibility crisis in science is certainly not new, it is a systematic
fact.

But there are other, more recent types of crisis which are more
closely connected with our modern society. Professor Simon has mentioned
a few of the causes, specifically those related to the complexity of
problems of data, of programs, because modern societies are more and more
centralised and also because computing systems are themselves finite and
consequently can only solve certain types of problem, not all types.
Obviously, the ability to solve more and more complex problems relating
to increasingly complex systems is likely to grow with time. We may recall
that, at the start of the present century, simulative models requiring
the solution of, say, fifty interdependent equations were not possible.
Obviously this is no longer the case, so that the complexity of problems
is an obstacle that may change in time. Yet complexity must always be

a limitation - and one which may well become worse in the future, since
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the complexity of problems appears to grow more rapidly than the ability
of our scientific techniques for their solution.

Professor Gaspari has mentioned some moral problems of physicians
with society. I would like to draw attention to another particularly
serious type of problem, a problem involving society in a different way,
that of nuclear power stations and the safety of nuclear power. Certainly,
we have some mathematical models which demonstrate the very limited ‘
probability of a nuclear disaster, and obviously these mathematical models
are based on sets of assumptions which try, but cannot guarantee, to include
every relevant factor. This is a very complex problem that is at present
troubling public opinion in many countries, and over which the credibility
of science is being challenged... as well as the credibility of some
scientists connected with certain groups or interests.

I am sure that,among other reasons behind this credibility
crisis of science, are those stemming frém the fact that our society is
developing more and more towards a single world unit, so that any
catastrophe (which usually in the past would have been confined to only
a part of society) will in the future involve mankind at large, thus
making the result of the catastrophe much more serious. Since today's
society is essentially and increasingly based on science and technological
development, it is quite natural that the credibility of science should

be involved and should be a matter of concern for the future.
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DISCUSSION

Professor Caldirola

I would like to comment on this question of the credibility of
science, discussed by Professor Gaspari and Professor Pucci, from two
different viewpoints. I agree with Professor Pucci about the difficulty
of making decisions in cases like those mentioned by Professor Gaspari for
a patient. I saw myself, being a local citizen, what happened during the
disaster at Seveso*, and I observed the attitudes of doctors who had
to suggest abortion. It was obvious that different doctors had different
moral beliefs, and that for some this solution was repugnant. But what
I found more serious was that, although mothers-to-be were told of the
probable consequences oftheir choice, the matter was almost always
presented only from a "political" viewpoint : that is to say, from the
viewpoint of whether or not abortion was considered politically (and
morally) acceptable. Medical considerations were very much in second
place. And this brings me to the essential question of how much the
advice of the physician can prevail in the context in which we live today,
and how profound therefore is his responsibility. The matter seems to me
particularly serious, a really appalling problem.

For my second comment on the credibility of science, I want
to refer to what Professor Pucci said about nuclear power stations. It

has become fashionable to consider the problems of nuclear stations as very

-
Accidental escape into the environment at Seveso, in northern Italy, of
the highly toxic chemical, dioxin.
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different from the problems of, for example, an installation like that at
Seveso which I have just mentioned. It is my opinion that the problems
of nuclear stations are a reflection of what has happened in recent
years all over the world, namely a developing crisis of credibility for

very many aspects of human activity, a crisis which has involved a great

deal of science and technology in a great many fields. But this crisis
started outside science, and when it began to involve science and technology
the case of nuclear energy was found rather suitable for demonstrating the
non-credibility of science... because nuclear science had first become
known to the public through military applications, whose terrifying

effects created both perplexity and lack of confidence in our ability

to control science, even for the civil and peaceful uses of nuclear

energy.

So I think there is an important psychological bias in operation
here. But in addition (and I cite the case of nuclear stations because
possibly this is the application of science which I know best) there
is also a great deal of ignorance. For instance, I have myself found it
very difficult to explain to those who are not.familiar with the basic
principles of physics, that a nuclear reactor based on a chain reaction
cannot explode. It is almost impossible to be able to convince people
without some technical education of this - though not at all difficult
to convince those with such education... or with a reasonable under-
standing of mathematics. But there are more subtle undercurrents, in
particular the more or less intelligent dissemination of information by

various sorts of people and for various sorts of reasons (often quite
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unconnected with science or technology). This can lead to the impression
of "experts in disagreement', and consequently public opinion becomes
uncertain and perplexed.

This leads me to believe that a very important task for
scientists, and particularly for scientists in their own fields, is to

explain their science to the public. I am not calling fér a reaction

(such as we usually see in Italy) of an emotional nature, but a rational
reaction based on real knowledge... or at least an attempt to have

real knowledge of facts. Obviously, in the nuclear case, there is a

big responsibility on those .who build nuclear stations, who (at least

until recently) perhaps did not give the population enough basic information
to enable them to form a sound opinion. But I think today this has

changed, and those who want to be correctly informed can be; but as 1

said before you need some technical knowledge to understand a technical
subject.

I am afraid that the debates which are often held on nuclear
power are very seldom held in a fair and unbiased atmosphere. Many who
take part are permanently biased ("polarised") against nuclear stations
and they refuse to be convinced of the truth : indeed they often refuse
to listen to arguments they do not like. I think we may come again to
this problem when we discuss the energy crisis; certainly it is an

important element which must be taken into account.

Professor Marshak

Would Professor Gaspari and Professor Pucci like to respond to

these comments on their remarks?
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Professor Gaspari

Concerning ethical principles and political pressures in
medicine, first of all I would say that in practice patients want
psychological support from their doctors. They want a physician who can
help them, even spiritually. In Italy, they may even prefer the
physician to conceal from them that a disease is very serious; though
this is an attitude we have encouraged for I recall, when I was a
young man in the ward, I was instructed never to tell the full truth
to patients and to hide their clinical records. What usually happens
today is that we tell the truth to the relatives,and at a certain point
the relatives make the choice whether to tell the patient. This avoids
certain complications, but can introduce others. I once had a patient
with a tumour. We told him he only had an inflammation though perhaps
surgery might be advisable. When the patient asked what would happen
if we operated, we told him the truth - 20% probability of dying a few
days after surgery, otherwise 30% probability of being still alive within
ten years, whereas if we did not operate, he might live from one to
eighteen months, but probably no longer. When the relatives learnt this
they wanted the patient to refuse surgery because he would become entitled
to a pension within éix months, which would be lost if he died sooner. So,
you see, relatives may base theéir choice on a number of other considerations.

With this in mind we may question whether, in fact, it is fair
to make the relatives choose in these matters. Should not the patients
choose themselves? Many patients when told the truth about their condi-

tion have faced the situation with great courage, but this cannot be
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guaranteed in advance, and so again the doctor's judgment may be

needed. As to individual choices, for instance concerning abortion,

here also there are moral or religious aspects. Certainly, doctors

do not accept political pressures without great difficulty and mental
self-examination, but like most other people they defend themselves when in
fear for their careers, and sometimes find it hard mot to sacrifice a
part of self-respect and dignity to avoid other pressures. Such cases
are very personal problems and we cannot generalise : there are people
who wish to avoid trouble, who wish to be well thought of by an admini-
stration, and possibly this might affect their practical attitude, for
example to abortion. I will try to put this into perspective as I see

it in the following way, which will also show why I think emphasis is
often on the wrong questions. In a big city there are two hospitals,
both with very honest senior clinicians who would be the last to com-
promise their professional integrity to seek favours from any administration.
One has a certain moral or religious attitude to abortion, the other

has a different attitude. Obviously the patient who goes in one hospital
will have a certain advice, while in the other hospital the advice will
almost certainly be the opposite. But in neither case will the real
medical question be asked, the questiom of what probability a child
would have, if born, of being malformed in body or mind. Yet both
hospitals are technically well equipped, if called on, to determine this

probability,
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Professor Marshak

One of the key subjects of this session of our Symposium is
the credibility of science, and on this Professor Caldirola commented

on the remarks of Professor Pucci. Would Professor Pucci like to reply?

Professor Pucci

Obviously we cannot go into a lengthy discussion of the
scientific validity of mathematical models showing that, for example,
a nuclear station cannot explode*. We may however note that studies
ordered by the American governemnt have evaluated with considerable
precision the probabilities of various types of nuclear reactor accident,
though the conclusions have been the subject of differing opinions
(majority and minority views). We may also note that on these matters

differing opinions are found in scientific circles in many countries.

Professor Linstone

I always get a little nervous when I hear something that sounds
like a slogan building up, and when I hear the words credibility crisis
repeated and emphasised (repetition and emphasis do not ensure truth) I
feel obliged to say something, particularly if the slogan is''negative'.

We are talking of a credibility crisis in science and technology.

First of all, we should remember that we (i.e. mankind) have always been

The editor permits himself to remark that the particular question chosen is
not so much a matter for a mathematical model, but rather for the application
of fundamental laws of nature to a rather simple problem in atomic physics.
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Remarks of professor Pucci concerning the footnote of the Editor (page 128)

The whole scientific controversy regarding the safety of present
commercial light water power reactors concerns the possibility not of
nuclear explosions but of the melting of the nuclear core with the con-
sequent catastrophic relief of the vast concentration of the accumulated
radioactive isotopes in the core (1). However for a liquid metal fast
breader reactor it is generally recognized that the basic physics is less
stable and that there may be the possibility of a small scale nuclear
explosion, called a core disassemby accident, which would spread the ra-
dicactive poisons of the core to the atmosphere,

Also even in light reactors, after the melting of the core in a loss of
coolant aceident, there exist the possibility of large scale hydrogen
and steem explosions which could breech the containement to spread the
radioactive inventory to the atmosphere (2). The validity of the U.S, Nu
clear Regulatory Commission's mathematical studies of the probability of

meltdown accidents has come under serious scientific doubts (3).

In my first statement, as is recorded in the transcript, I point-
ed out that "we have some mathematical models which demonstrate the very
limited probability of a nuclear disaster, and obviously these mathemati
cal models are based on sets of assumptions which try, but cannot guarantee,

to include every relevant factor".

Prof. Caldirola (see page 124) introduced the topic of explosions
of a nuclear reactor, rather than the topie which I had introduced of
the whole range of possible accidents that could lead to a nuclear di-
saster, In my reply I reemphasizied the serious doubts concerning the ma-
thematical models claiming to have calculated all the probabilities of

such accidents.,

(1) .See ad example the special study of the American Physical Society
"Reviews of Modern Physies" vol, 47 suppl.1,1975 pp. 45-52 and
pp. 84-93,

(2) See the above APS study pp. 42-43,

(3) See the entire volume of Congressional Hearing on the Rasmussen

Report of the Committee on Interior and Insular Affairs June 11,
1976 serial n. 94-61. See also the review by prof. Joel Yellin
in Bell Journal of Economics vol, 7 n.1,1976 pp.317-339, See al-
50 the above APS study pp. 45-52.
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faced with complexity. - At any time in our evolution, whatever we did
not know and understand was for us "complex'". And I suppose that
complexity will always be with us. Second, risk has always been with
human beings. Life is taking risks and I have little sympathy for people
who want complete security. I think we are all entitled to criticise
technology, but if we confine ourselves to no more than criticism we are
not being constructive.

What I tried to indicate earlier, and what ; think we need, is
a balance. We have to take risks, but we want to take the right risks
and to know what risks we are taking. I think it is neither sensible
nor possible to eliminate risk entirely, but there are some things we
can do., For example, I am involved very much with technology assessment.
I know how difficult it is and so I approach it very warily. But I also
know that it can be very successful and useful, especially when the assess-
ment is from several different perspectives rather than from just one...
the "scientific" perspective alonae. I habitually take three perspectives,
one being technological orientation (taking technology in.a very broad
sénse, the systems analysis sense); the second being the social precess
sense (a different perspecitve on the same problem, requiring different
talents and different capabilities); and the third being the behavioural
sense. These are three different ways of looking at the same problem,
and applying them to a variety of different kinds of technology assessment
has shown that the insight to be got from the triple perspective, looking
at the scene from three different points of view, is tremendously improved.

There is no time to go into more detail now, but I just wanted to point out
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that technology assessment on the basis of one perspecitve only can be

misleading... even dangerous if it indicates a "crisis" where none exists.

Professor Caianiello

I am going to say something intentionally prowcative. I
believe that to talk about the credibility of science is equivalent
to putting scientists on trial. Trial by whom? I happen to live in a
society in which, if I do not know that Peking is the capital of China,
that there were wars between Roman Catholics,and that the ancient
Egyptians built pyramids, I am considered utterly ignorant. Yet in
this same society there are people who cannot tell the difference between
a field of carrots and a field of electromagnetic waves. And I am sure
that this latter type of person is the more commonly found in representative
vodies such as parliaments. Now, who is to judge whom in this context?
There has been a talk about two cultures, which I believe to be a complete
nonsense. I am sure there was a culture before Galileo, that is tosay
before the birth and growth of experimental inductive methods. But the
development of these methods has been part of the same evolving cu1£ure.
And in the practical world of today a great deal of the policy-making
arid decision-taking is still largely in the hands of people who live ‘as if

Galileo had never existed.

Dr. Livio Biagini

I have some comments on Professor Wikstrom's
remarks about an ever-inc¢reasing interdependence between society as a

whole and the organised structures of commerce and industry. This
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interdependence, I believe, is particularly evident in the case of
multinational companies, which can have very powerful influences on the
social and economic structures of many countries. This is particularly
true in cases of large-scale production involving technologies which
are not well-known or understood by government regulatory bodies which
may not therefore foresee the possible social and other effects of the
industrial activity. A tragiv and well-known example of such possible
effects, already quoted by Professor Caldirola, was the Seveso disaster
in the neighbourhood of Milan, where dioxin poisoning led to deaths,
possible genetic malformations and other future consequences. A
different type of example is that of the migration of workers to large
factories, like the Volkswagen plant in Germany, where workers go in
hundreds and- thousands from Turkey, Yugoslavia, Italy and various
other countries.

Now I would like to ask Professor Wikstrﬁm whether, in these
circumstances, it would not be better for industry in future, rather than
having separate industrial, commercial and social strategies, to have
integrated socio-political and industrial strategies at the same time.
That would mean, particularly for large multinational companies, social
and political study bureaux to help them adjust their strategies in
accordance with possible social and political-induced effects.

I would also like to ask Professor Wikstrom, in case she
agrees with my first proposition, whether it would be useful for individual
governments to have a much greater influence (I am speaking AOW; of course,
of the western world) over private enterprise - preventing, for example,
certain industries from settling in given areas and encouraging them in

other areas.
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Professor Wikstrom

Perhaps I should first clarify what I said. I said that we can
avoid much regulation in the business world if the business itself takes
over more social responsibiltiy. "Big business'" in particular has both
the knowledge and the means to do this : in some areas big business has
much more knowledge about the possible consequences of its activities
than there is on a government level, because govermments normally have
very few experts on the very detailed questions involved. So I fully
agree with Dr. Biagini that big business should establish departments
handling social responsibility questions. And in fact I know that, at
least in Swedish and US companies, more and more such departments are
being established for consumer affairs and for social affairs.

On Dr. Biagini's second question, whether therershould be more
control over where big business establishes its enterprises, I do not think
there is any general answer. I know of cases in my country where
the government has pushed for the location of enterprises in certain
areas, areas where the natural prerequisites did not exist and where
no business firm would therefore have gone without big subsidies. Very
often these efforts have been unsuccessful. In general, big business
h:s a very good knowledge and understanding of what is possible and what
is not.

On the question whether governments should prohibit business
from setting up in certain areas, I think that is much clearer. Where
the areas are already overcrowded it is good sense not to take any more.
But forcing business to locate factories or enterprises in certain areas

(at least in democratic countries) is I think unlikely to be successful.
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Professor Rasmuson

Adding to what Professor Wikstrtm has just said, there are
of course some types of industries which are classified as dangerous
to the environment, and they are subject to special government permission.
In giving this permission, government can (and often does) impose special
conditions, for example concerning purification processes and control
of particular contaminants. I believe it is also the case that local
authorities often have the power to veto government decisions and

permissions, if the arrangements made are not acceptable locally.

Professor lLuigi Mendia

The approach of Professor Gaspari is rationally correct, and
fascinating because it tries to eliminate the tinge of witchcraft which
still exists in the field of medicine. PBut I wonder to what extent
this type of approach can succeed irrespective of the "cultural
level" of patients. Professor Gaspari said that patients should ask
the clinicians to estimate the probabilities of their having malformed
children, rather than whether or nor to have abortions. That would be
more logical certainly, but how many patients are really in a position
to formulate this type of question? And similarly, how many patients
are able to understand the rationale of the explanations jiven by the
clinician, for instance balancing the risks during and after surgery
against those of no surgery, in terms of probable survival period - two
years, three years, ten years, etc. Surely the ability to make such an

evaluation must depend on two factors - first of all, the cultural level
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of the patient to interpret surgery, post-surgery, and non-surgery
consequences; and secondly, the psychological capability of the patient
to face the future in hard rational terms. I wonder how many of us
would voluntarily undergo a test telling us, within a 10% approximation,
how many years of life were left to us. I am sure a good many would
rathe; not know, preferring to live with a belief, a faith, in providence

and even in miracles.

Professor Gaspari

I would agree with Professor Mendia that there is still some
witchcraft in medicine. Some pills, for instance, which are consumed
in huge quantities, have for many people taken the place of the "good
luck" emblems used by primitive societies. It is also true that the
majority of people are not in a position to understand a scientific
explanation. Nevertheless, many doctors are unwilling even to try to
explain a situation to a patient, and are sometimes clearly annoyed by a
patient who is ignorant, or who wants to understand matters he is 'mot
supposed to know about". It is also true that public education about
health -~ in schools, or through mass media like radio and television -
is very inadequate, and that much more could be done, not anly to improve
education and so enable patients to understand certain explanations, but
also to teacn very simpie manoeuvres, for example artificial respiration,
heart massage, how to extract a foreign body that has been swallowédiand
might choke a patient to death. Many lives might be saved if these
things were more widely known.

On the other hand, it is undeniable that knowledge can cause
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fear. I always say that if I had to undergo surgery I would be much
more scared thaﬁ somebody who is not a surgeon, who does not know the
possible complications. But this is no justification for maintaining
ignorance, and I believe more effort could be made, using the communica-
tions mass media, to educate people without creating (or developing)

their fears.

Professor Kazuhiko Atsumi

Professor Wikstrom drew attention to changing values in society,
and pointed out the conflicts which can develop between traditional
values and those now emerging. Could she please enlarge on those values

which she sees becoming most. important in the human society of the future?

Professor Wikstrom

What I tried to stress was the strong current trend towards
changed individual values. This is particularly evident in universities
and among young people, where the highest priorities are on the quality
of life rather than a high level of living. And my point was that, to
achieve and maintain harmony in our production, marketing and consumption
systems, business and other organisations will have to adapt themselves
to these changing individual values. That is why I believe business has
to change its measurement system from purely economic accounting to
accounting in other fields as well... and this I believe applies at all
organisational levels including the national level. To me, the present

system for measuring performance at national level, the GNP, is too
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simple, a one-dimensional measure. I am sure we need multi-dimensional
measures if we are to achieve harmony and consistency with people, that

is, with what is important to the public as a whole.

Professor Di Nallo

This is a comment on Professor Gaspari's remarks. For most people,
the physician is among the last of the famous, mundane fathers who still
remain with us. There are crises of credibility for most scientists,
but the physician has preserved his reputation as a mundane father despite
the decline of those around him : the emperor, the king, the political
leader, the head of the family and many others. But even the physician's
credibility shows signs of decreasing; and this is surely because doctors
are now members of organisations which are supposed to act as a sort of
“utility”, giving a service of the public, but which instead seem all too
often to pursue other objectives, such as self-preservation of the
organisation and those working within it.

I was particularly impressed by Professor Gaspari's remarks,
and by his courage in considering to such an extent the problems of "users"
of his organisation's services, and especially the problem ot deciding
whether a user is sufficiently mature to decide by himself about the
quality of his life anda his survival.

Some time ago we attempted a big survey of public attitudes to
health and health education. We covered relationships with doctors, the
problem of drugs, attitudes towards hospitals, attitudes towards death,
disease, being hanaicapped, etc. This survey was in Emilia, a region

of Lombardy (now Puglia) and it showed that the man-in-thee-street, even
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if ignorant and uninformed about health and the health service, being
a potential user of that service is willing to learn provided a suitable

system exists to inform him.

Professor Gaspari

I am encouraged by Professor Di Nallo's remarks, though I am at
the same time afraid that the attitudes of some of our "structures"
(hospitals, public institutions) is very strange indeed. For instance,
patients when hospitalised are sometimes treated as if to be ill is a
crime. I suSpect the origin of this attitude in medical personnel is
lack of attention to the moral aspects of their profession. It is
probably unrealistic to expect that everyone tralning to be a doctor
should be motivated by a spirit of mission; but we must insist that the
work of a doctor is to be undertaken with great honesty and with a great
sense of responsibility. And we must always remember that we are not
dealing with inanimate matter, but with the lives and feelings of people.
What counts here for the younger doctors is the example of older and
senior clinicians, backed up by the controls of the professional
associations which establish and enforce certain criteria for professional
conduct. In my own case I must admit that I became interested in surgery
more as a technique than as a way to cure people : I was not at first driven
by a sense of mission. But if I gradually developed this sense, I owe
it to the example of others around me who worked very honestly and with
great devotion. I became aware of questionable aspects of my behaviour,

which I then tried to modify and improve.
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I have also - I suppose inevitably - come across some bad
examples among colleagues, for instance famous surgeons, whose behaviour
was not always morally impeccable. This is why professional associations

are needed to maintain a control of the behaviour of their members.

Dr. di Giulio

I would like to mention a particular point which I believe affects
the credibility of science and its practical applications in the eyes
of the users of some services. Although a purely technical point I
believe it is more important than some might think. I refer to the
methods of chemical analysis that are employed to ascertain the danger
of some environmental conditions, usually defined in terms of limits to
concentrations in the air, in water, in the soil or in food. Such
definitions, generally in terms of parts per million, sound very
reassuring, but who measures those parts per million? There is in fact
great uncertainty about analytical and sampling techniques, so that
data which we use in our discussions can sometimes be almost completely
meaningless. In this country there have been episodes - some people
called them ecological tragedies - in which concentrations of dangerous
substances reached obviously serious levels (the case of Seveso is of
course a renowned example, but there have been similar cases with some
metals and-non-metals that were disseminated in the environment).

Now in order to decide whether the quantity of a contaminant
in the environment is dangerous or not, measurements must be made, and
here there is a common and serious problem. Figures obtained by

different measuring techniques are sometimes so completely different as to
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be meaningless. This may be because the analytical techniques cannot be
relied upon or reproduced, or it may be due to lack of ability on the
part of "experts" performing the analyses. In very many cases it is
clearly due to lack of a standard technique. This opens the way for
a given school to adopt a given anmalytical method, while another school
adopts another method, both giving their information to the press which
is then virtually obliged to "manipulate" the data... with results we
have all experienced. Even apart from the question of standard analytical
techniques, there is another and more delicate problem, concerning the
method by which a sample for analysis is taken, where again we lack
standardisation. And, since we have been discussing medical analysis
and experiment, I must add that similar uncertainties also exist concerning
clinical analytical techniques, which very often are not standardised, not
reproducible, and therefore can easily be meaningless.

I wanted to inject this practical word of caution to inform
those who are not specialists of the existence of this very practical
problem. May I draw the general conclusion that we canmnot usefully discuss
major principles if we are not sure that there is at least a reasonable

degree of agreement on minor things.

Professor Gaspari

My own experience of chemical analysis certainly confirms that there
can be striking differences from laboratory to laboratory. But I believe
this is mainly due to analyses that are not properly performed. In
medicine, we have an advantage compared with analyses in other fields,

for we have the possibility of continuing clinical observation. This is
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why a modern physician will not base his conclusions simply on clinical
analysis but will observe the patient, visit and study the patient, as
well as availing himself of more scientific clinical techniques. I
always admonish younger doctors not to believe too blindly in these
clinjeal techniques, but to check their conclusions in every way
possible. In this way, I think, if a doctor will spend time with a
patient, the risks of error can be minimised; and in cases of persisting
doubt it is easy to repeat analyses until consistency and truth begin to

appear.

Professor Marshak

I think it is very clear that we will certainly have a credibility
crisis in science if we do not set our own houses in order and develop
standard techniques and so on, and really tell the truth when we say
we know certain answers. Some of you will know that we recently had
a big crisis in the US about the landing of supersonic 'planes in
New York City : the argument concerned noise levels, the measurement
of which should surely be a well-established technique. And in the
end, it turned out that the noise levels were below what everyone
thought they would be, despite previous "expert" assertions to the
contrary. This to me seems a perfect example of what we have just been
discussing; we were so politicised in ourvparticular situation with
the New York Port Authority that the scientists and engineers were
afraid to give their answers to the Port Authority, because they might

not be the answers that were expected and sought. That is terrible
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and that sort of pressure on science will certainly lose it its

credibility.

Professor Michaelson

I have three short comments about risk. The first is that
the connection between probability theory and reality is terribly
tenuous; the second that most assessments of risk start from guesswork
about the behaviour of individual components. Now, if you try to
calculate risk under these circumstances, you will discover the final
assessment you make is very dependent on initial assumptions and very
sensitive to quite small changes in your original guesswork. My third
comment is that it therefore does not behove us to take risks on other
people's behalf, It is important to remember that we are not usually
choosing risks for ourselves, we are condemning other people to those
risks... and a great deal of our credibility is lost precisely because
it is not us who are at risk when we make our assessments.

Now I would like to know from Professor Briefs why he thinks
computer research should be controlled : I would have thought control-
ling computer applications might be more helpful. Secondly, how in
fact can either be controlled, when any school child can now buy (or
build) a more powerful computer than most European universities have
ever owned in the past, and use it in his own home. These things cannot

in practice be controlled unless you have a very totalitarian state.
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Professor Briefs

As far as control of computer research is concerned, the need arises

from the relative alienation which does in a very marked form exist among

computer researchers themselves. For example, there are many problems
due to the fact that, in large technological groups concerned with
computers, some lines of development have been suppressed as a result
of economic marketing decisions. And this is why I believe control is
needed : first, simply to control the overall process (it is useless to
control only one aspect) and secondly to control the EDP researchers
themselves, for with EDP development in the hands of a very few, very
large corporations, they can impose almost any restrictions they care
to choose, perhaps eliminating very thrilling and very interesting
research and application lines for purely commercial reasoms. But I
think all this is a particular aspect of a much larger problem,

which is not so much a problem of technology in itself, but rather of
technology and its social enviromment. If we want computerisation and
EDP to lead us to a better "quality of life", we have certainly to make
some important changes in the structures within our economic decision-
making system. By that I mean that we have to make changes in the:
power structures of industry and ofsthe public sectors in our economies,

in our societal systems.

Professor Michaelson

First of all, in most countries computer research is not
confined to commercial or industrial organisations. And these organisa-

tions have no power to stop it. Secondly, computer research can be
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done by people who want to do research in their own homes, at their
own convenience and in their own time, with very cheap equipment. I
do not refer to simple games-playing machines, but to serious computing
equipment, which can now be bought for under a hundred dollars, That
being so, it is very difficult to stop anybody from doing serious EDP
research if they want to. Thirdly, if in fact the existing economic
and social organisation or system has prevented certain research being
done, the remedy is surely to control the economic and social
organisation, not the research. On the other hand, there is always
ample freedom to encourage computerisation, or automation, in particular
directions and with particular economic and social effects in view.
Professor Briefs

1 still believe a lot of computer development, and especially
program development, is very expensive, and this gives a form of control
to organisations which have either large financial resources or access
to large computers (the case of computer manufacturers). Above all, it
means that the large computer firms are in a specially privileged
position with regard to the development of both computer applications
and computer research. And there is also a "reverse' effect of this,
namely that increasing EDP research and application have been causing

increasing costs in other areas, at the same time giving greater power

to some units of the large, private bureaucracies in the field. Furthermore,

the situation has been deteriorating under the present conditions of
stagnation and crisis. This is why I would repeat my suggestion that

we have to control EDP research as well as EDP applications.
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Professor Gabriele Morello

I would like to come back to the credibility of science. To me,
this is closely connected with the responsibility of research workers
to provide the public with sound information. This means, in my
opinion, the "socialisation" of information by the scientists, so
involving more closely the general public in decision-making processes,
especially processes concerning the implementation of a new project or
the installation of a new industry. Nobody in Italy really knew what
were the dangers in Seveso until the disaster occurred. Why was the
population not informed in advance? And why are other populations,
in other countries, also not inforped? There is here a special type
of ethic, a special responsibility of scientists to infofm politicians
and citizens. This applies to credibility of science in general, but
it is of particular concern in connection with medical ethics, where
free, informed discussion is still rare in some countries (such as
Italy).

Three years ago, when I was teaching at Toronto and in the

United States, the Will of Extreme Survival circulated and was signed

by many scientists and university professors who were older than fifty
years. 1In Italy there was no mention at all of this type of last will
and testament (designed to avoid prolongation of life af all costs after
intelligent brain functions have ceased). May I give an example, which
I found very disturbing, of what may happen today. Some time ago, a
tremendous amount of money was spent to preserve the life of a dying

Head of State for a few days, for whom even the most advanced technologies
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in the world could no longer hold off the course of nature. Why was
this money, so desperately needed to help the living, devoted to a
momentary prolongation of life for the dying?

And I would like to cite one further example. When I was a
consultant in America, I came across an experiment being made with three
young and rare gorilla apes, taking fragments of kidney from each for
tissue tests to see whether they could be transplanted to a human. I
enquired why this doubtful experiment had to be made on these very rare
animals, and was told that the son of a rich, local tycoon needed a
kidney transplantation for a final attempt to keep his child alive for
a few days. Unable to obtain what he wanted otherwise, this gentleman
had paid a tremendous amount of money to buy the three gorillas in the
hope that they might suffice. The experiment was of course absurd,
costing a tremendous amount of money with no result whatsoever. But
the worst aspect, in my opinion, was the interference with the three
members of another, fast disappearing species of ape. 1Is this an ethic

that a physician can accept?

Professor Marshak

It is surely a tribute to the insight of the founder and organi-
sers of this Symposium that there should be such interest in discussing
these problems. Before closing the session I would like to make one final
remark as Chairman. It is that if we start worrying about the moral
probléms of science, which I think we do, it is very important that the
scientists should present their viewpoint and take a full part in the

discussions.

000000000
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CHAPTER IT1I

Third Working Session : Energy versus Humankind

The third Working Session of the Rome Symposium was chaired
by Professor Harry E. Gunning, President of Alberta University, Canada.

Under the general title Energy versus Humankind, the session was devoted

to growing world demand for energy and how to meet it, whether the
scientist was (or would be) responsible for major world disasters, and
questions of genetic engineering in relation to a continually expanding
world population.

000000000

Professor Gunning

I think we would all agree that the three most critical variables
for the survival and prosperity of mankind are energy, time, and
intelligence.

As we all know, the rate of change of world population with
time has assumed gigantic proportions during the present century.

Simply stated, it took 50,000 years for the human population to reach
one bi11i0n+, it required only 100 years for the second billion to be
added, 30 years for the third billion and 15 years for the fourth
billion, this last addition occurring between 1960 and 1975. This is
indeed a runaway growth, and it represents a major perturbation of the

natural equilibrium which obtained for thousands of years prior to the

10
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to the middle, roughly, of the present millennium. When man changed some
8,000 years ago from a simple food gatherer to a food producer (farmer)
the ability of the earth to support population was increased by some
100-fold. Then, 200 years ago, the start of the industrial revolution
(which of course is still going on) was a second major factor leading

to increased world population. And both these steps illustrate the
critical nature of energy among the needs of man if he is to survive
despite our rapidly escalating population. Food is required to survive,
and to produce food in the modern sense of the word requires energy -
in fact very large amounts of energy : careful analysis has shown that
the progressive stimulation of crop yields by chemical means involves
an energy input/output ratio that progressively falls. In other words,
the more we try to increase food yields,’the more demanding the related
energy needs become.

Taking agriculture as an example - just one of man's activities
which are fundamental for his survival - it is first of all clear that
the machinery necessary for applying industrial technologies in agricul-
ture must demand supplies of new iron as the industry spreads throughout
the world. But of course the world's resources of iron are becoming more
and more costly to extract from the earth, as the rich ore deposits are
exhausted and progressively lower grade ores must be used. This means
that energy costs become proportionally higher, so that per capita iron
demand is an additional multiplier on the already increasing emergy demand
due te population growth by itself.

The other two variables I mentioned, time and intelligence, should
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in theory enable man to optimise production to meet his physical needs
and reduce the severity of his critical problems. But there is one
very clear problem which always remains, and to which we must address
ourselves, and that is the population growth problem. Of course, it
is a problem which is being actively attacked throughout the world and
by many methods.

Energy itself is an extremely complex subject. To produce
energy we have to use energy, and it is only through detailed studies
of energy balances that we can be sure that we are in fact producing
a net benefit. There are o0il deposits in the world where it would take
two barrels of oil to recover one, a nonsense of the sort that does not
always become apparent until all forms of energy expenditure required
to bring this particular fossil fuel resource to production are
considered. Of courseythe first and second laws of thermodynamics are
the basic laws to be considered. The first law is obvious. The second,
especially to the general public, can somtimes seem very abstruse indeed.
But in general, as is well known, the second law of thermodynamics tends
strongly to favour high-intenéity energy sources and to put a crippling
penalty on low-intensity sources.

The projected energy needs of society, assuming a rather rapid

1 to 10]8 calories

levelling off of world population, range from about 10
per year. Production methods such as those using solar energy and similar
low=intensity sources (which essentially include all the "renewable" sources)

do not fare well under the second law of thermodynamics, and it is generally

agreed that the totality of these low energy sources could in fact never
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meet more than a small part of the total energy needs of a modern
society. So we have to go to fossil fuels, to nuclear fuels, and
ultimately perhaps to nuclear fusion.

At the present time we estimate world resources of gas, oil and
coal at about 8 x 1018 calories. With an annual consumption of 1017
calories, these resources would be exhausted in about 80 years, that
is, by the middle of the next century. In fact, gas and oil are
expected to run out in 10 to 20 years, or before the end of the century.

The situation of nuclear fuels is very much better, involving
some 1020ca10ries as a conservative estimate. If breeder reactors are
successful, this could be extended by at least another two orders of
magnitude - to ]O21 or 1022 calories. So it is obvious that, unless
the human race undergoes very dramatic changes in its energy demands
(for which there seems no prospect at the moment), nuclear power offers
our only real promise for meeting our future needs.

It is clear that we have some very hard decisions to make, and
I think the greatest difficulty we are going to have will undoubtedly
be to convince people that nuclear power is our only viable choice. A
major obstacle here, as was mentioned in an earlier session of our
Symposium, is of course that the first application of nuclear energy was
a military one, leaving a scar on the minds of the public which is very
difficult indeed to eradicate.

The irrational reaction of society against nuclear power, in fact,
jillustrates some of the problems we are confronted with as scientists and

engineers in attempting to give the best possible advice to the
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decision-making machinery of our world society. Scientists and engineers
should gi&e good objective advice, but the people must make the decisionj yet
when the p@ople examine the interaction of science and technology with
society over the last 200 years or so, they get the impression that
science and technology have always tended to threaten, or at least so

it has seemed, the very survival of mankind and his world. But even if
his world survives, he is still threatened with loss of his unique and
individual characteristics... threatened with depersonalisation into

some form of automaton. This I think explains the enormously strong
social back-reaction against science and technology, which I think we
have all experienced to some extent.

Now I think I have outlined some of the matters we are going to
examine in the present session of our Symposium... but before calling
on our first speaker I would just make one further comment. It is
addressed to the computer specialists because we obviously have quite
a number here, and I suspect they think of their computers as very
marvellous machines. I want to tell them that, to a vast number of the
public, their computers are great, soul~destroying monsters which tend
to strip people of their individuality, reducing them to objective
number codes in an increasingly inhumane and even inhuman world.

Maybe if we want to understand the impact of science in society we
must somehow, by a particular kind of mental gymnastics, translate
ourselves into the position of the person who knows essentially nothing
meaningful about science or technology, and bear in mind that in so

doing we should be joining the vast majority of mankind.
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I would now like to introduce Dr. Umberto Montalenti of the
FIAT Research Centre in Turin, who will discuss some general questions
of energy availability, especially in countries such as Italy or Japan

where there is a high dependence on imported energy supplies.

Dr. Montalenti

Professor Gunning has given a very clear introduction to the
enérgy problem before us. We have to bridge the gap between the
present situation with scarce finite resources, and one where we hope
to have access to more or less infinite renewable resources. Unfortunately,
that desirable goal is very far off, and one of the main challenges of
our present situation is to find ways to maintain ecomomic growth
(even if at a level lower than in the past) despite much more difficult
energy supply problems. To achieve this goal we must clearly be
prepared for very-important technological changes, and even changes in
life styles and attitudes.

Two countries where these changes are likely to be particularly
evident, as well as indicative of what may be experienced later on
elsewhere, are Japan and Italy, countries which are almost entirely
dependent on imported fuels. This importation is of course strictly
subject to availability of foreign exchange credits and these,particularly
in Italy, are one of the scarcest resources. Increased energy employment
is thus subject to severe limitations, and the real problem is how to
overcome these : big changes are clearly called for inrthree of the
big user sectors - transport, residential and commerazial heating’and

industry - as well as in a fourth sector, electricity generation. 1In
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industry in particular there is need for energy-saving technologies
both in the production processes (materials, components, machines etc.)
and in the products themselves which should be designed (or re-designed)
specificatly for energy saving.

Industry in general is well aware of this situation, and has
made important efforts to forecast the probable evolution of the energy
scene — both at world level and at the levels of individual countries.
Figure 1 b shows two possible energy "scenarios" derived from the
forecasts in Figure la which themselves were derived from the work of
organisations like the Forxd Foundation, OECD, the International Energy
Agency and the International Institute for Applied Systems Analysis
(IIASA).

As can be seen in Figure la, it has been estimated that
economic growth (GNP) will decrease from the general average of 4.6
which has been maintained over the past 15 years or -so to only 3.5%
average over the final quarter of the present century. If this happens,
and if at the same time the expansion rate of total world energy
consumption shows the expected related decrease from the 4.87 of the
past to a future one of 2.4%7 -2.67, this must lead to a decrease in the
coefficient of elasticity (total primary energy : GNP) from slightly
above 1 to between 0.70 and 0.75 : this means a dramatic effort in
industrial energy saving, as well as some very significant technological
changes.

Figure 1b interprets the energy figures in terms of Millions

of Tonnes of 0il Equivalent (MTOE), showing two alternative "Scenarios"
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for the year 2000 depending on whether or not there is a large
expansion of nuclear power. Although it is useful to have these two
alternatives in mind, for the overall world situation and relations
with average GNP, the effect of one choice rather than the other will
not be very significant up to the end of the century.

Turning now to the Italian situation, ever the past 14 years
we have had a 57 increase in the economy, with almost 8% increase in
energy consumption. In contrast, we are now forecasting no more than
2.5% to 3% increase in economic growth over the coming years. Many
people may not agree with this, many are more optimistic, but I
believe industrialists should be extremely prudent when making forecasts
and should therefore work with conservative figures. So, because so
much of our energy must be imported, and because we have very severe
constraints due to Balance of Payments limitations, we see little
possibility of more than 2.1%7 to 2.5Z annual increase in our energy
consumption. This means that our existing elasticity coefficient will
be almost halved (Figure 2), which will certainly require a near-hercic
effort.

I do not intend to make a detailed analysis here. I would only
point out that, if any noticeable economic development is to continue,
it will be essential to maintain a certain level of energy supply or to
introduce draconian energy saving measures (in practice, we shall
doubtless seek an intermediate solution). At the same time, we should
note that energy saving, which is probably our largest single energy

"resource", requires a very large effort in technological terms : it is
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not the simple strategy some would have us believe.

Yet if we fail here, we shall have the inertia scenario (to
the right in Figure 2b) for the year 2000, meaning that because of
inertia, because no strong political action is taken to achieve
substantial energy saving, the limitations I have described to importing
more energy will effectively lead us towards destruction, for with
such an energy situation the national economy cannot develop in a
satisfactory way.

So, how can we achieve enough saviﬁg? The upper table in
Figure 3 shows some savings assumptions made by various international
authorities (OECD et al.) in four main sectors : power generation
itself, industry, transport, and residential uses of energy. Aécording
to OECD (first column of table in Figure 3) given a strong and determined
effort to adopt appropriate new technologies, it should be possible to
achieve the economies indicated : 47 to 107 in generation; 157 to 20%
in industry; 377 in transport; 157 to 20% in residential and commerical
heating. Equivalent US figures for the US scene are in the second
column of the table in Figure 3, while the third and fourth columns apply
to Japan and the Netherlands respectively. The Netherlands case is
interesting as én example of a small country where nevertheless there
appears to be the possibility of important energy savings in the
transport and residential sectors.

Finally, the last column of the table gives figures for Italy,
which are amplified in the lower part of Figure 3 by giving the

percentages of all energy consumption in the four chosen sectors,
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together with the percentage savings thought possible within each
sector. These figures show, inter alia, that there is a particularly

large difference between Italy and the United States concerning energy

used in transport (most other European countries show a similar difference

from the US situation).

The conclusions to be drawn for Italy are that, with the savings

indicated, a total energy saving of some 17% should be achievable by
1985.

Now I have some remarks concerning the first sector, namely
generation and transformation. Dr. Gunning has indirectly invoked the
first and second laws of thermodynamics as guides to where savings
may be achieved, and to the fundamental limitations involved. Tﬁis
has led to the question whether "big" or "small" is the more beautiful.
I would put perhaps the question in a slightly different way - whether
distributed generation is better than centralised generation, whether
big "central" plants are preferable to smaller plants localised near

consumption centres. Before offering you my conclusions on these

questions, I would first like to present some thoughts on a form of energy

use and saving which, I am going to suggest, could overall offer .us

total economies approaching 30%Z. I agree that, for such a low coefficient

of elasticity, this must be difficult. But before condemning it as
impossible, I ask you to look at Figure 4.
This is an illustration of the concept of energy cascading,

and it is based on two fundamental aims :
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— always make the best use of calories, and therefore use as fully as
possible all the heat coming out of a generator turbine, whether in
a éonventional or a nuclear power plant. Instead of generating
thermal pollution, therefore, in water or in air, it is far better
to put the "waste" heat to some useful purpose, for instance in

heating houses, in industry or in chemical processes;

- secondly, always try to use energy at its most appropriate level -
that is : do not burn directly such a costly fuel as oil or gas
simply to produce heat. 1Instead, use the fuel first to produce high
temperatures for electricity generation, or to provide mechanical
energy, and then use the discharged heat at, say, 1200° where it can
still contribute to efficient burning of more fuel to produce more
electricity and perhaps for some other uses. For example, it has been
suggested that some of this heat could be used to convert methane
gas and water to hydrogen and CO, which could then be transported to
a factory and there used to generate electricity by a burn-recombination
reaction, generating heat so that again steam and electricity can be
produced. - The lower temperature steam discharge can be further used
to produce hot water and, with a little more sophistication, a heat
pump can even elevate the temperature and get better heat recovery

at this stage.

Of course, this is a somewhat idealistic scheme because power
plants are often too far away from where the other parts of the "cascade”

can be operated. But there are surely many cases where a more intensive,



157,

more complete use of generated heat can be realised than is done at
present.

I would like to conclude with a slightly fantastic extension
of these ideas. Suppose that many small heat-utilising systems can be
installed in individual houses, generating electricity and distributing
energy in other forms so that, if some distance away there are points
where more energy is needed (though not so far away that transmitted
"low grade" energy cannot be used) the balance of otherwise "waste"
heat output can be put to good purpose. Of course, this will not always
be the case, so I would suggest that going big or going small is not
really the question, which is rather to find a "hole" for the small,
allowing it to co-exist with the big.

I do not know if size is dependent or independent but certainly,
along the chain of innovation, the success or failure of technology

demands innovative and imaginative thinking.

Dr_Gunning

Our next speaker is Professor Luigi Mendia, Professor of
Environmental Engineering, at the University of Naples. He is going to
talk about ecospheric degradation, pollution control, and the measurements

involved in determining environmental quality;

Professor Mendia
I would first like to thank the organisers of this Symposium, and

especially Dr. Honda, for this unique opportunity of meeting at such a
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high cultural level and in such pleasant, calm and quiet surroundings.
It is a perfect illustration of what is meant by the quality of life.

I would like to begin my talk by outlining some methodological
aspects of general strategy for use in solving problems of environmental
degradation. The development of societies has been dominated in the past,
and is very largely still dominated,by natural events of physical origin -
including major catastrophes which man, since his earliest days, has
been obliged to accept as expressions of fate. Even today there are
many who, unable to interpret objectively the natural phenomena
around them, are dominated by superstition and fear as they pursue an
instinctive struggle for survival. In an unavoidably passive attitude,
communities have translated the forces:of nature into myths, generally
associating them with religious beliefs. Today these myths are rapidly
disappearing, and in the more developed societies most of them have been
abandoned. Indeed, the capacity of a society to renounce its myths,
and to face in a more realistic way the direct and induced consequences
of natural events, is in a sense a measure of the degree of civilisation
which has been reached.

However, in this framework technological development alone is not
synonymous with progress : progress in its truest sense is an ethical
development, identified with the optimal use of technology while always
respecting human freedom and social interests. On this basis it is
interesting to map out different communities according to their levels
of technological development, joining all points of equal level in
so-called "isotechnic" contours (similar to isobar; and isotherms for

pressures and temperatures). Analysis of these isotechnics may then
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enable us to deduce other relationships : for example the curves may
well represent simultaneously the loci of regions or places where

there are equivalent anthropic perturbations... imaginary lines which I
have tentatively called isopollutes.

Now in my own analyses of civilisation along these lines I
have confirmed (I would not pretend to have been surprised) that the
isotechnic contours of equal technical development unfortunately
nearly always coincide with the contours of equal anthropic perturba-
tions, the isopollutes. It follows that, where the two sets of contours
do not coincide, there must be conditions resulting in an improved
(or a reduced) quality of life in the regions concerned. The reasons
for these differences obviously merit further analysis and research.

At this point I would like to propose a factor defining
quality of life - a quality of life index, which I suggest should be
the ratio of technological development to anthropic perturbation.
Thus we might imagine three main categories of index : those higher
than, say, 2 which would represent good quality of life; those in the
region of unity (in which technological development has the same level
as anthropic perturbation) which would represent a fair quality; and
those below unity which would represent a bad situation (i.e. a
situation in which the means for restraining anthropic perturbatioms
are not successful). Such a situation if unchecked may lead to a
catastrophe.

A particular case of this last type of situation is where

technological development is severely limited while anthropic perturbation
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rises rapidly, leading towards a catastrophe characterised by a quality
of life index below 0.5. Such situations are often found in emerging

countries where, despite low rates of technical development, anthropic

perturbations are very high+.

Now I have already implied that quality of life is dependent
on ethical criteria, so that its improvement is an ethical problem. It
comprises questions of social fabric; questions which were rarely examined
seriously until after World War II but which have now become (in an
understandable reaction to the past) of very great interest and concern.
So much so that there has been a congestion of theories and proposals
for improvement based on over-simplistic formulae and sometimes lacking
methodology of approach. Professor Caldirola has already touched on
this in connection with nuclear power stations, which present some
very real problems but which all .too often are discussed from an
emotional rather than a scientific and cultural point of view. As in
many other areas, basic information here is heavily contaminated
(polluted?) by political polemic and the options as presented to the
general public are very confused. Advantage is taken of this for all
manner of political purposes, leading to forms of moral degradation
which must be counted as a form of anthropic pollution and calamity
and which,unfortunately, has no respect for fronmtiers.

I believe nuclear power is a particularly useful example of

what can happen when technology runs ahead of ethics, at least in the

By anthropic perturbations here are meant not only pollutions of
water or air, but many other types of perturbations, such as traffic
or - particularly common in emerging countries - inefficient or
inadvisable use of land area.
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public mind.

Most people‘in the late 1940s and 1950s were overwhelmed
by the apparent benefits of this remarkable new source of energy, and
very few thought of possible adverse consequences from radiocactive
pollution. Certainly, techniques have since been developed for the
detection and abatement of radionuclides in air, water’and the food
chain, but these have mostly come with hind- rather than fore-sight.
They have resulted from dangers which first had to manifest themselves
in practical terms, rather than from dangers which could have been
foreseen had the scientists concerned been less carried away by their
technical successes.

And this has its parallel in other fields. At the beginning
of the 1960s, cases of mercury poisoning in fish appeared in Japan
and elsewhere, drawing attention for the first time to what is now
reéognised as a most serious form of chemical pollution. Yet greater
foresight and some careful research would surely have revealed this
danger before it became so evident that it led to much public émotion
not to mention condemnation of the industry responsible.

Since then, the so-called ecology movemeﬁt has been born...
founded on a previously neglected science but one which today runs the
opposite risk of becoming an all-consuming discipline which can delay
and even block new developments of great human value. But, as was
said in one of our earlier sessions, ecology means harmony. It is on
this basis that we should inspire ourselves in the management of the

biosphere for the welfare of our society, in the balanced development
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of technology and the uses of technology. This is the sense in which
the ecological approach can serve the future without damaging it. This
also is the sense in which new technology can do the same.

So what should our strategy be with regard to ecological
problems and the protection of our eanvironment? I do not pretend at

this stage to offer a complete set of concrete proposals; instead I

would like to outline some guiding principles which I have been developing

for some time, especially regarding problems of pollution in which I
have a special interest. In this outline I put particular stress on
integrated, harmonious actions, or interventions, rather than sporadic,
disorderly, and disjointed operations often detached from the context
of other (inter-related) problems.

I base my propositions on better land management... management
of territory. There are two fundamental elements in this : first, the
most prudent and careful use of our limited natural resources, and
second, the protection of these natural resources from damage by
pollution. This means regarding pollution as a cause which disturbs
the quality of a natural resource, so that protection of any envifon—
ment against pollution also makes that environment available and usable.
This is a global approach to the problem.

Now, what fundamental actions are implied by this? The first
is very careful land planning’, for any action regarding pollution must
take as its reference and starting point, the use of land. There are

three fundamental steps :

+ . . . : . -
In its widest sense, i.e. including seas and oceans. Editor.
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(a) 4ssessment of natural characteristics and those of possible

sources of pollution;

(b) planning for use without ecological or environmental damage (as

in medicine, we must avoid that the patient falls ill);

(c) planning for the required technological exploitation, which must
come "downstream" after all the necessary preventive and

protective measures have been taken.

Naturally, side by side with this strategy for environmental
protection we must take into account other studies, research activities,
scientific information and information as regards public opinion. ﬁut
the essential is that all should go forward as an integrated whole,
from the edrliest moment right through the life of the entire project

or operation.

Professor Gunning

Our next speaker will be Dr. Enze di Giulio, of Montedison,
Milan. Dr. Di Giulio is a chemical engineer and very well qualified
to speak about a topic related to what we have just heard from
Professor Mendia, namely analytical methods suitable for determining

the "quality of life".
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Dr. di Gidio

What I have to say is in a somewhat different vein from the
other presentations at this Symposium, at least so far. It is a
description rather than a discussion; a description of a particular
situation that exists today in the chemical industry, all around the
world but especially in this country.

Now why should I speak with special reference to the chemical
industry (apart from the fact that it is my industry)? And why in
particular should I wish to talk, as I do wish, about the professional
chemist in an industrial research laboratory? Quite simply, because the
chemical industry has an exceptional capacity to bring good to the
world but also, if badly or negligently managed, an exceptional capacity
for harm. And the origin of these capacities is the research chemist,
his motivation and the meaning of his research... above all the
meaning of the synthetic chemical products which he is able to bring
into the world.

I must tell you that there is a sense of frustration, and
possibly dejection, among many chemists. This was not so until about
10 years ago. What has changed? Ten years ago the chemists were very
proud of their profession, very proud of what they were doing. They
were producing many new products in their laboratories, often with
properties so wonderful that nothing comparable could be found in nature.
So the chemist in those days could be seen as a sort of scientific
wizard, constantly giving to humanity better means to get better results.

But then something went wrong. Some of the "miracle drugs"
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were found to produce unexpected side effects and the chemist realised
that, unlike nature, he did not have a few billion years of time to
develop and test his products. So although the research chemist in
his laboratory could find something new, something better, something
that nature had never thought of, he began to question whether this was
a right and reasonable thing to do. Today, in face of numerous
"mistakes" that have been made in the course of this synthetic
activity, the chemist is beginning to fear a possible fundamental
mistake.

To get an idea of the research situation in a chemical
laboratery today, we may look at the very processes of discovery and
invention. Immediately we see that these are very often unplanned and
even completely random. Out of random observations a researcher will
realise that a certain process is susceptible of development, and he
will then use his scientific ingenuity to exploit what he has found
mostly by chance. And to do this he will devise tests to demonstrate
specific properties of great practical value, and other tests to discover
whether these advantages are accompanied by disadvantages, risks or
dangers. And it is at this stage that the researcher will realise how
much time, and how many experiments are needed to be statistically valid,
and how little of both he can call on compared with what nature has used
over the centuries to develop the natural equilibrium of natural substances.

It is not surprising that at this point the research chemist

may begin to wonder whether his approach may be fundamentally wrong. He
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is perhaps reminded of the Sorcerer's Apprentice, who played with
techniques beyond his competence and understanding and eventually lost
control of what he had started. And so, as suspicion and doubt enter
the mind of the average, intelligent research chemist, he hesitates
and of course that means that his chemical development or invention is
delayed or even stopped, because of the danger it may present, until
appropriate "controls" have been devised.

What controls can be devised? A certain amount of self-discipline
will of course always exist in any laboratory, and additional self-
discipline will be imposed by circumstances on the activities of the
research chemist. But this very self-discipline demands other controls,
an ever-ingreasing number of tests to investigate possible toxic
properties of substances, and these tests cost a great deal of money.

And the question arises, is the cost justified, or should the product
be abandoned?

In this respect it is interesting to see what is being done
in one of the Commissions of the European Community in Brussels. One
of the directives now being considered - which will probably become
law for all Member Countries of the Community - concerns all chemical
products to be put on the market. It is the intention that every
chemical producer will be required to submit a "petition" to the Brussels
authorities, showing that his product has passed all appropriate safety
tests, before he will be allowed to market it, Now the list of tests
is extremely long, running from simple physical and chemical characterisa-

tion tests to biological tests on the action of the substance on the
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nervous system of man, as well as tests of genetic properties which
have to be tested also on subsequent generations. Many of the tests
are very expensive to carry out.

And so the situation today is that the fertile mind of the
research chemist, already fuil of doubt, is going to be considerably
thwarted, with unpredictable but certainly serious consequences for
the future. Although these consequences cannot be forecast, an example
of what might happen may be found in one of the best—known classes of
substances that could be affected, the so-called pesticides. Most
people know that probably ome third of all the crops in the world can
be destroyed by various ifisects or pests, so that to preserve and
improve world food supplies it is extremely important to control the
pests and save the crops from destruction. Such control depends on
pesticides, one of the inventions that very brilliant research has
produced, and one which has already saved countless millions of tons
of food from destruction. But some of these pesticides are also toxic
to man, and so there has been a movement against their use. Moreover,
the testing of promising substitutes is becoming more and more complex
and expensive (in time as well as money), so that the research chemist
may soon find it practically impossible to develop this kind of substance
any more. As a result, it is very likely that world capacity for the
production of food will be severely reduced, because we shall again
have a lot of destruction from pests.

So this is the situation I wished to bring to your attention...

a situation which I believe is not well known, rarely discussed in
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public or written about in newspapers, yet a situation which should
be of the greatest concern for the future. It is indisputable that,
in the chemical industry, fundamental doubts are building up and are
beginning to slow the pace of development not only of products but of
the industry itself. Yet the chemical industry is a foundation stone
of the economy, and it would be hard to think of any branch of
economic activity which does not make some use of chemical products.

Yet this is not all. Quite apart from these problems of
testing and controlling new products, recent years have seen a veritable
campaign of accusations against the chemical industry, accused of every
imaginable anti-social practice and some unimaginable ones too. For
instance, the industry is now widely held to be responsible for most
forms of environmental pollution... whether by commission (e.g. discharge
of wastes) or omission (e.g. failure to eliminate sulphur from fossil
fuels). Professor Mendia has already made some references of this nature.

It is rather easy to imagine that the chemical industry has
the capability to manipulate all chemicals in any way it choses, and
certainly it has this capability to recycle many products, including
waste products, which should not be discharged and allowed to pollute
the environment. The capability is there, but again it is a matter of
cost - the cost of recycling or recovering, of making a chemical
plant a sort of closed box that has no influence on environment, is
very high indeed. And at this very moment the chemical industry is
going through a severe crisis in this matter, seeking ways to pay for

the tremendous costs of non-polluting plants that can re-circulate or
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re-cycle products that otherwise would be discharged to the environment.
For these costs inevitably affect competitivity, and we may note that
plants of the same type (for producing the same chemicals) in different
countries of the world are by no means all subjected to the same anti-
pollution regulations. This can mean severe handicaps for the chemical
industries of certain countries vis-a-vis others.

I have mentioned the matter of sulphur in fossil fuels, and
I would like to end by drawing your attention to a rather curious
situation, which of course all chemists know about but which will
probably interest non—chemists too. Consider a country like Italy
which imports vast quantities of crude oil : I have no exact figure but
it is probably 120 - 130 million tomns per year, which is quite a lot.
This oil contains sulphur, sometimes as much as 3 = 5% though sometimes
much less — a good quality oil contains 1% or 0.87. But overall,
suppose the average is just 1%. That means that each year we are
importing,in the form of sulphurous products contained in oil, an
enormous quantity of sulphur that is lost. On the other hand we have
to import sulphur to make sulphuric acid and many other chemical products.
Comparison of the figures shows that there is more sulphur in our
imported crude oil than the sulphur that we import as such. So why do
we not attempt to recover the sulphur from the oil, particularly since,
if burnt with the oil, it produces vast quantities of sulphur dioxide
in the environment, causing severe pollution. The reason we do not do
this, of course, is because the cost would be terrific.

If I may briefly sum up the message I have been trying to convey,
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it is that the chemical industry is entirely capable of being a "clean
industry"”, but that this will be expensive and during the transitory
phase, between the old-style and new-style industry, a period of
difficulties is inevitable. During this period, rather than throwing
stones at the chemists, I would like to suggest that the community
should try to help them, for after all chemistry is the foundation of

our life and the chemical industry is one of the pillars of our economy.

Professor Gunning

I would now like to call on Professor Marcello Siniscalco, who
is at the Sloane—Kettering Foundation in New York. Professor Siniscalco
is a geneticist and he will discuss eugenics, genetic research, and

the benefits and the dangers of genetic engineering.

Professor Siniscalco

As a "bench worker" in genetics it is normally very rare for
me to indulge in philosophical discussions, especially with real philo-
sophers gg I think it is best for me to start by giving some basic
background, some basic data, without which this multidisciplinary
meeting might become lost in discussions of non-problems while ignoring
some very real ones that exist.

First of all let me explain my own position and my bias. In life
a geneticist, and this is what I am, is concerned with the interactions
between genes, that is, between the genetic materials which carry

genetic information from parents to their children, or more generally
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from ancestors and their enviromment to descendents. Now genes do mnot
exist in a vacuum but in the environment, and the relative importance
of environmental and genetic factors varies in deciding what happens
in the development, adaptation and progress of living things : whereas
sometimes the environmental factors have more importance, sometimgs
the genetic factors have more importance, but there is nothing that is
only genetic or only environmental. Of course, it is possible to
argue that there is nothing which is not determined genetically : for
instance, even being run over by a car - which would at first sight
appear to be completely dependent on environmental factors — could be
said to be due to having inherited some kind of tendency or proneness

to being absent-minded,,.and .therefore a liability to being run over.
Other dependencies on genetic factors are more obvious, such as
diseases due to having one chromosome too many or one genetic mistake
which blocks the ability to metabolise a given product or foodstuff
these are obviously much more genetical than environmental : they are
classical inborn errors of metabolism. Most human qualities and
characteristics are -mainly.genetic, that is they inherited from parents,
and if inherited abnormally they usually produce abnormal results. For
example, if a genetic effect is inherited from both sides (mother and
father), it will almost certainly reappear in the offspring, but will
be "recessive" (i.e. not dominant) if inherited from one parent only.
On the other hand certain well-known infectious diseases, such as
tuberculosis or syphilis, though mainly envirommental do involve

genetic predisposition.
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When asked to select a subject and title for this talk,

I chose eugenics and euphenics, and I will now define these words.

Eugenics is not of course a new science (if originated with Sir Francis
Goulton over a century ago). Its aim is te improve the genetic pool

of the species, and this can be done in two ways =~ by decreasing the
frequency of deleterious genes (negative eugenics) or by increasing the
frequency of viable genes (positive eugenics, which of course includes
what we now call genetic engineering).

Now an entirely different kind of "engineering", based on an
entirely different concept (which I strongly support) has recently come
into prominence - although in fact it is a very ancient activity, at
the basis of the earliest medical science. It is called euphenics and,
as opposed to eugenics, its aim is to improve the human phenotype, or
the end result of the interaction between genes and environment.
Euphenic engineering is thus the improvement of the phenotype, whatever
the genotype may be. And this is achieved by manipulation of the
environment within which the potentially diseased organism lives, an
activity whiah also has a special name, eutenics. So we have-eugenics,
euphenics and eutenics - the last two terms having been introduced by
Dr. Joshua Lederburg, the man who discovered that bacteria have sex.

What measures are available for negative and positiveé eugenics?
Essentially they are the same, and include for instance pre-marital
genetical counselling, which has proved very useful in decreasing the
frequency of undesirable genes or increasing the frequency of desirable

ones. Pre-natal screening of genetic disorders and therapeutic abortions
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is a topic very much discussed at the present time : certainly here
is a method to correct the frequency at birth of abnormal offspring,
although of course it does not change very much the deleterious gene
frequency, only the frequencies of the different phenotypes.

Sterilisation of the unfit; artificial insemination with
desirable gene cells - the so-called sperm banks; and cloning, are
all practices much written and talked about, though in practice all
are very rare. The idea of cloning has come essentially from receﬁt
experiments with frogs, which have shown that a somatic cell (that is
a cell which has nothing to do with reproduction but rather, for instance,
a cell from the skin or the liver) can be inseminated in an enucleated
egg which will then produce a normal frog. This same thing is theoretically
possible with warm-blooded mammals, including the human species, but
practical experiments clearly present difficulties.

Now may I present some of my own biased views. First I do not
see much sense in trying to improve our stock, so to speak, because
before we can do this we need to classify what is good (and therefore
desirable) and what is bad. You will hear from Dr, Luzzatto that this
is remarkably difficult, if not altogether impossible. In fact there
are many so-called genetic factors, which from certain viewpoints, look
most undesirable, but which nonetheless are found to have spread widely
all over the world, indicating that after all (and for reasons that we
cannot yet understand) they may not be so undesirable as they appear
at first sight, so it is best to learn to live with them. Dr. Luzzatto

will give some practical examples.
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So I believe that the best route to biological improvement of our own
kind is essentially through the euphenic approach, endeavouring to
correct genetic defects, as in fact has been done since man first
appeared on earth, within the life—time of the individual, within the
tissue where the defect manifests itself, and within the ecological
environment he lives in. Because what is good in one enviromment may

be bad in another, and after all what is required, as always, is to
mitigate the ills which in certain circumstances, in a certain ecological
environment, may derive from a certain biological make-up.

Of course there are other solutions. The Romans had a very
different type of approach : they threw whoever was not up to standard
from the Tarpian rock, to the lioms, or into the sea, but evidently this
is not a solution favoured by most of us, nor indeed is it consistent
with humanist geneticism, or genetic humanism. Now I turn to a different
though related topic, the much-talked-about development of a method
which may make possible the "artificial" production of certain gene products
essential for the cure of some genetic diseases. It is indeed a very
attractive possibility and there has been much emotional talking about
it. The essential methodology is that of isolating a piece of genetic
information from mammal cells (man in particular) introducing this into
the genetic make—up of bacteria, that is into their DNA, so that the
bacteria can, in view of their very fast reproduction, replicate in
enormous quantities and very rapidly the gene in question and therefore
the product that is governed by such a gene. So far the only experiment

which has been done (in San Francisco, in the laboratory of Dr. Mike Bishop)
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has been on the cloning of the gene for insulin and this has indeed
proved successful... that is it has shown that the gene can be replicated.
Unfortunately however, the so-called RNA - that is, the "messenger"
which brings the gene to the actual production - has not been produced,
and neither has the insulin been produced. I am firmly convinced, and
we shall see whether I am right or wrong in a few years, that there is
much more to be done before this whole process is made to work in
practice. Evolutionally speaking we are millions of years away from
bacteria, and although the system of regulation which controls the
synthesis e the duplication of DNA-is fairly similar in the two cases,
the equivalent similarity for RNA, and its translation into the actual
production of the required protein may be, indeed is, verydifferent
at the two levels of organisation. So we have to learn a lot more, and
most probably the real solution will be found in mammalian cells after all :
although they may not be so fast-dividing as the bacteria, they will be
enormously efficient and enormously helpful. Meanwhile, the only possibility
of immediate application of the research I have described seems to lie in
a better understanding of some basic facts of life.

But let me go back to some of the so-called on-going euphenic
interventions ~ just to remind you that most of them have been practised
for centuries. Usually, in the better—known diseases related to metabolism,
the most satisfactory approach is to restrict, by eliminating it from
the diet, the particular biochemical substance which cannot be metabolised.
However diabetes, not to mention some similar but less well-known diseases,

is cured by supplying a missing substance, and this is certainly not a
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recent invention. Then there are some troubles whi¢h can arise from

the interaction between the foetus and the mother, such as the RH
disease, for which the only approach at present available is the

removal of toxic gene products, such as the RH antibodies, and this

is now done very efficiently. The avoidance of drugs, of toxic foodstuffs
when you have a gene which makes you liable to a disease after eating
something which you cannot metabolise, is an evident counter-action.

As I have already said, genes do not exist in vacuum, so that a
satisfactory intervention can often be achieved by just modifying the
interaction between the gene and its environment. This is frequently
a quite simple operation : I am not going to tell you much about it
because Dr. Luzzatto will do that.

But let me tell you about a type of tool which exists nowadays -~
the so-called somatic cell hybrid - which exists between cells of men and
cells of other species and which again causes great concern to many
people. In 1960, Dr. Basqué in Paris, while cultivating some mouse cells,
quite unexpectedly found that these cells, which were somatic cells, not
gene cells, could fuse with one another and form a hybrid. Since then
much work has been done and, thanks to other tools as well (such as
inactivated viruses) it is now possible to fuse cells of one species with
cells of another species, such as man and mouse, or man and rat. Now
these things at first look rather frightening, but we may recall that the
procedures have existed for 17 years, and have been of enormous importance
and enormous help in understanding the basic facts of genetics in general,

and of human genetics in particular,
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What in fact have we been able to learn from these cells? 1In
the first place it has been possible to correlate the presence of an
individual chromosome with the presence of an individual gene product...
that is an enzyme or a bio-chemical substance. This has meant a very
great deal to biology, and it is enough for me to say that ten years
ago there was no information whatever on the localisation of genes on
individual chromosomes. Examples of so—called linkages, that is of
genes which could be expected to be found on the same chromosomes, could
be counted with the fingers of one hand. Now, we can recognise all the
chromosomes of man individually, and we have attributed to each one of
them over one hundred genes, accounting for over one hundred genetic
_naracteristics. Why is this important? Because, unless we can understand
what makes different cells behave in different ways, we have no way to
smderstand how to control disease or how to improve the so-called
phenotype independently from what has been inherited. It seems to me
rhat on occasions like this, to insist that it could be useful to try
to use our technology to make unequal people equal, at least while they
live in an environment which is not good for them, is very largely the

pursuit of a sort of medical phantom.

As a final word, let us not forget that all the above is
concerned with technological application. As for scientific endeavour,
our curiousity to look into things and try to understand things, I
would emphasise that this is something we can do nothing about. It is
a feature of our species, a product of our evolution : we have evolved
this capacity and it is for this reason we are here. There is nothing

that can prevent us from using this curiosity that we have accumulated
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through millions of years of evolution : we have the ability, we
obviously have to try to make the best of it, and we certainly cannot

say it should be eliminated. We must be very careful not to confuse,

as has been done several times in history, our technology with our

scientific endeavour. The latter is a basic part of our minds.

Professor Gunning

Our next speaker will be Professor Lucio Luzzatto of the
University of Naples. Like Professor Siniscalco, Professor Luzzatto is
a geneticist, and he is going to talk about some public misconceptions

of genetic research, including some concerning genetics and race.

Professor Luzzatto

I shall try to concentrate on what seems to me to be the basic

topic of DISCOVERIES, namely the good or bad use that can be made of

science. It is only too obvious that science can be used badly both by
scientists and non-scientists alike : I am sure it is not by chance that
this present session is called upon to deal, albeit briefly, with

topics as different as nuclear energy and genetic engineering, both
commonly recognised nowadays as potential sources of well-being and
potential sources of disaster. This similarity has been pointed out by
scientists, politicians and philosophers... but perhaps the most sensi-
tive index of awareness by the public is literature, particularly

science fiction literature, and I think it is largely due to the best-

seller "The Andromeda Strain" that preoccupation on this issue of possible
biological catastrophes has come very much to the fore.

Now I think a first remark to be made, in order to see things
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in their proper perspectives, is that history has abundantly shown that
there is no need for great sophistication to produce terrible disasters :
and without claiming to know a lot about history, it seems to me that
there is not much difference between our present concern over nuclear
energy and genetic modification, and the concern perhaps 50 or 60 years
ago over the then new chemical and biological warfare. In fact there is
a large body of science fiction of that time devoted to the possible
risks of such agents being deliberately used for evil purposes. In
other words, the fear of gross misuse of science is nothing new, and
while I am sure we have a responsibility to condemn such misuse, I would
stress that there can be errors of omission as well as of commission,
and T would like to concentrate on two areas in which I think overdue
emphasis on errors of commission tend sometimes to hide (whether
knowingly or unconsciously) very important errors of omission. The two
areas I would like to concentrate on and to examine a little more in
depth are, first, the concept of bad genes and good genes, that
Professor Siniscalco has touched upon; and second, as Professor Gunning
said, the concept of race.

At this point I must go a little bit into technicalities, and
in order to understand how genes operate, examine with you the functioning
of some very simple organisms. As in all types of science, one looks for
simple systems in order to understand the more complex ones, and a very
great deal of modern genmetics has been learned by looking at bacteria.

Now the very elementary nature of bacteria is such that they

have their DNA - their genetic material - arranged in a circle, and aligned
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on this circle are all the genes, each gene being the coding for an
individual character. But the precise composition and arrangement of
the genes may vary from cell to cell, the different cells then
comprising a polymorphic population, that is one in which several types
of basically similar but not identical cell-organisms co-exist. We may
now ask whether one type of cell is "better" than another... whether
one particular gene is better (i.e. more capable of survival) than
another. 1In operational terms to ask this question means to ask, if in
a population we have a mixture of cells”A"and cells"B",which will have a
better outlook for the future? And the answer is that this depends on the
environment. If for instance we start out with a population comprising
two genes in equal proportions (equal frequencies of recurrence) in one
environment we may find after a certain time that "A" has become predomi-
nant, whereas if the environment is changed, this may then apply to-"B".
And if an environment leading to predominance of either is maintained
sufficiently long, then in due course the original polymorphic situation
will become monomorphic. This is called fixation in genetics.

Now it does not affect this explanation, and for lack of time
I will not go into details of how the environment affects a gene, nor
how a particular monomorphism may be attained. But an obvious example
would be that, in a polymorphic population, if only one cell-type contains
a gene giving resistance to a particular drug, let us say streptomycin,
if the enviromment contains streptomycin then only this bacteria will
grow, the others will be entirely eliminated. However, it may be that this

same gene suffers a slight difficulty in growing on a particular source
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of energy, so that if we remove the streptomycin but continue to use
that particular source of energy, we are likely to find that this

gene no longer prevails. This I think demonstrates a very important
point, namely that the question what will happen to the cell population
in a certain environment is a meaningful question, one that can be
answered by the type of experiment I have described {in human populations
it may be more difficult because to set up the appropriate experiment
will be much less simple, but in principle it is still the correct
approach). On the other hand, it is clear that to question which gene
is better, "A" or "B", is meaningless because the answer must be
dependent on the environment.

It might be argued that the above is an extreme case; but in
fact it can be seen that, even in less extreme cases, the summation of
the same reasoning applied to many genes must still lead to the same
fundamental conclusion. So, "good" or "bad" genes are meaningless
unless considered in respect to particular environments.

What I have just said applies to haploid organisms, that is,
organisms having single, unpaired chromosomes. If we now turn to diploid
organisms we are faced with an additional complication. Diploid
organisms are those which, instead of having single unpaired chromosomes
have chromosomes in pairs : most organisms, apart from the mico-organisms,
belong to this second category. Now in these diploids, for every
particular character there are two genes — located on the so-called
homologous. chromosomes — which, simply expressed, means that one of

the main differences between bacteria and men is that for each character
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we have two genes instead of one; and as a result, instead of having

two alternative possibilities (A or B) we can have three (AA, AB, or BB),
leading to genotypes which may be either homozygous (AA or BB) or
heterozygous (AB... or BA which is the same and which I shall call "s"
for a reason that will become apparent). If now we try to repeat the
experiment just described to determine which genotype will become. predomi-
nant in a particular environment, we now have to consider the fitness

of these three, rather than two, genotypes.., and what we mean by fitness
is their ability to grow and reproduce in the particular environment.

Now it is usually found that the homozygous genotypes have higher (though
not equally higher) survival frequences or "fitness" than the heterozygous
genotype. However, in some particular type of environment the situation
could be different - that is, the fitness of the two homozygotes would
still be the same, but paradoxically the fitness of the heterozygote
would be higher than either of the others. The result of this (which
would take too long to prove here, so I must ask you to accept that it
has been proven), is that in due time an equilibrium situation will be
reached which is neither a fixation of a homozygote gene, nor a fixation
of the heterozygote, but rather an equilibrium frequency of this latter
gene which I called "S". Now, lest you might think these are very
theoretical considerations, the denomination "S" has heen chosen for the
name of a particular type of human haemoglobin which has become prevalent
in many parts of the world because of exactly the special type of
environmental situation I have described : namely an environment with a

high frequency of a very severe disease, malaria. This widespread malarial
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environment, in fact, is severely hostile to the homozygotes but
advantagecus for the heterozygote. This leads to the conclusion that
with diploid organisms we have not only to consider environment before
we regard a gene as "good" or "bad", but we must also consider the
different possible genotypic combinations of the same gene, for a gene
which may be bad (disease-producing,in one situation may be good
(offering advantage) in another situation. Thus in one malarial area
a particular genotypic combination may be desirable, even though it
could otherwise cause severe disease.

And now I‘come back to my original remark about errors of
omission in science, rather than errors of commission, In the first
place, I would say that insufficient effort has been made, by genetic
counselling and similar endeavours, to avoid the appearance of this
generally~harmful genotype (induced by malaria) in areas where
malaria is not prevalent - that is one error of omission. A second
error of omission has to do with the long-term predictions which can
be made in this kind of system, for it can be proved mathematically‘
that whereas all measures such as genetic counselling, treatment of
the homozygotes, and others, can and will improve the lot of individual
patients having "S" haemoglobin, but will not cause a disappearance of
the S-gene : it is only the control of malaria, that is of the environ-
ment which has caused this gene to become prominent, that will eventually
lead to its gradual disappearance. S0 in this case the error of omission
is very clear - it is public health measures to eradicate malaria that
must in my own view take priority in order to cope witﬁ this very important

problem. Clearly this is an extreme case again, which I have used to
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illustrate my arugment, but it is very likely that similar cases exist
with respect to other genetic systems.

Now I would like to go on to my second main topic, namely the
concept (or misconcept) of race... which may at first sight appear
unrelated, but which in fact is clearly not.

What is a race? Some time ago I tried to amswer this question
in a discussion with students by going to the reference sources, that
is to authoritative encyclopaedia and specialised text books. It
would be too easy an argument to say that each of these texts gave a
different definition of race, but I think for the quantitatively-minded
person what is more relevant is that each individual authoritative text
book gave a different figure for how many races there are in mankind.
Now, this very simple observation provokes the question whether there
is a trivial difficulty over classifications, or whether some more
fundamental problem is involved. I cannot here go into a full analysis
of current concepts in this area, but I would just like to recall the
obvious and well-known fact that most of the standard classifications
of races have been based on characteristics that are clearly visible,
for the obvious reason that such classifications are the easiest to use.
However this can lead to its own problems, because many of the easily
visible characteristics are in fact not genetic but acquired, which helps
to confuse the issue. But I will put that trivial consideration aside
and come to what could be a ﬁore rigorous basis for classification,
namely the analysis of gene frequencies of the type I h;ve just been
discussing; by which means we could try to define race according to

the frequency of occurrence of specific genes.
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For instance, we might have a hypothetical gene M and another
hypothetical gene Q : if we analysed the frequency of these two genes
in different populations we might find that one population had low M
and low Q, another one had high Q and low M, while yet another had
relatively high M and high Q. If we plotted these varieus related
values of M and Q as points representing partiéular populations (see
figure), we might find clusters of points representing populations with

similar distributions of these genes, and we might decide that each
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cluster represented a different race. However, the problem would

arise of what to do with a population which did not fall within any of

the "chosen clusters"... or alternatively how to enlarge the boundaries
of the clusters to accommodate all population points. Another course
could be to decide that a classification based on only two genes was
inadequateyand so to comstruct a third dimension for a third gene, or

an N-dimensional space for N genes, where we could still identify each
population by a point in this multi-dimensional space, But again we

would be likely to get both clusters and "intermediates" which did not

fall into any cluster, and we might well expect the clusters to be
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related to geographical locations, so that in general the distances
between representative points in our multi-dimensional space diagram
would be directly related to the geographical distances between the
populations analysed.

But the fundamental point I wish to stress is that, wherever
we might set our boundary lines between one cluster and another,
between one population and another, would be entirely arbitrary... and
the more populations we investigated, the less the clusters would
remain separated. So what here is our error, and is it ome of commission
or omission? It seems to me that past failures to understand and develop
a scientific concept of race have been first of all due to insufficient
knowledge and superficial understanding of the problem, and secondly due
to the fact that the real issue has not been one of responsible under—
standingrof genetics, but rather of social barriers which have been set
up in various parts of the world and which have tended to enforce concepts
which were not scientifically valid.

So, in summary, I would like to stress two points. The first is
that dangers are inherent in any branch of knowledge, and whether they
materialise or are controlled deperids on how the knowledge is applied. The
second is that errors of omission rather tham of commission have, in my
view, so far in science been very severe and must be corrected. I very
much agree with Dr. Siniscalcé's affirmation that man is the product of
evolution; but to go one step further, man has developed the ability to
transmit characteristics not only vertically through generations, but

also horizontially through culture, and I suggest that it is through this
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overtaking of biological by cultural evolution that we can hope to

improve and perhaps solve some of our current and future problems.

Professor Gunning

Our next speaker is Professor K. Atsumi from the School of
Medicine at the University of Tokyo. Professor Atsumi is a cardiac
surgeon who is now specialising in bio-medical engineering with special
emphasis on artificial organs. He is the person to whom the "Bionic
Woman" goes for servicing and repairs. He is going to discuss the
necessity for a more macroscopic view of the human organism in order

fully to appreciate it.

Professor Atsumi

I am a medical doctor and a specialist in artificial organs,
in particular artificial hearts. It is extremely difficult to develop
an artificial heart, because the work involves not only medical science
but other sciences and technologies, as well as sociological and ethical
considerations. A macroscopic approach is thus virtually inevitable,
and in this paper I shall try to apply this approach to the better
understanding of human beings.

Long ago, ancient man saw the birds flying in the sky and
desired to fly like them. He therefore made careful analyses of bird
feathers, bird muscles, and the bio-chemical mechanisms in the birds.
But this was insufficient, and it was not until scientists began to

investigate the physical principles of flight, that progress began to be
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realised. Human beings were able to understand and make use of these
principles, and in due course were able to create aeroplanes and
satellites which can fly in the sky higher and faster than any bird.

What can be learned from this? That by microscopic approach,
a very long time is required to reach the essence of the phenomena,
and sometimes it may even be impossible to do so. "Artificial
integration" of the microscopic pieces does not lead to a total whole,

Now in most medical research studies, microscopic approaches
have normally been adopted, progressing from organ to tissue, from
tissue to cell, from cell to proteins, and from proteins to molecules.
Molecular biology was born through the marriage of biology with physics,
leading to the revolutionary discovery of the genetic information
system. However, this wonderful science has been confronted with many
severe problems - like those of interaction between individuals and
the environment, life synthesis, the moral dimensions = of biclogical
functions, the relationships between soul and brain, and so on. My
own field of research on artificial hearts has shown that the most
promising approach to these problems must be a macroscopic approach,
some details of which I shall now try to give.

The study of an artificial organ begins, as do most scientific
studies, with analysis of the essential functions of the object organ.
A simulation model is then constructed which can fulfil these essential
functions and, after extensive testing, development, and further testing,
this artificial organ is connected to and implanted in an animal in

place of the corresponding natural organ, so substituting the functions
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of the latter. At this stage the artificial organ will still be
primitive and incomplete, and therefore will probably be unable to

fully substitute the functions of the natural organ. Lengthy and
exhaustive animal experiments are therefore pursued, the results being
used to further develop the model until its operation is sufficiently
improved for substitution tests in the human body to be undertaken.

At this stage (if not earlier) the artificial organ must be "naturalised"
so that it can be physically incorporated in the living body, and this
usually calls for miniaturisation and other re-design. For instance

an artificial heart comprises a pump, a driving unit, a monitoring and
control system, and an energy source. Its shape is quite different

from that of a natural heart. So far, the bulk of research and develop-
ment on artificial hearts has been concentrated on substituting the
essential functions of the natural heart, within a device of comparable
shape and size. Today's artificial hearts can produce the same power

of cardiac output, and the same blood pressure as in the natural heart.
Animals provided with such artificial hearts can survive several months,
so from this point of view artificial hearts may be said to have been
achieved. However, animals equipped with artificial hearts do not yet
survive long enough for the work to be considered complete.

The achievement of this completeness may in fact prove so
difficult that it has to be regarded as practically impossible... an
experience already known in other advanced work when a "breakthrough” is
followed by a new and apparently insurmountable wall or blockage.

My purpose in giving this outline of the macroscopic appreach
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in the development of artificial organs has been to open the question
of how such an approach may be applied in modern philosophy. The most
important question in modern philosophy may well be what is a human
being, a question that canmot be answered without considering the
"whole image" of that being. This is contrary to so much of what is
done today, dividing and dégrading human beings to the levels of simple
physical laws (thermodynamics, enlargement of entropy, ‘cause and effect,
biological axions such as survival of the fittest, evolutionism, death
of living body) with similar simplifications in economics, sociology,
and so on.

All of these represent concentration on parts rather than
on the whole, so that none offers a valid approach to the recognition
of the human being as a whole.

What, then, is the macroscopic approach towards understanding
a human being? It may be described as follows : to define the essential
characteristics of a human being, and to construct a simulation model
of their relationship comparable with a real human. As a start, the
following characteristics would seem to qualify as being parts of the
essential human : physical existence, biological existence, historical
existence, social existence, and creative existence.

To examine all these characteristics as a macroscopic whole
requires global analyses of the behaviour of human individuals in
human society. If we can adopt and pursue such an approach, even if
(as is probable) we cannot reach a complete picture, we shall inevitably

gain a better orientation towards the understanding we seek.
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In our modern age, many sciences and technologies have been
born and have flourished, and then have lost their way, sometimes even
forgetting their purpose. Now they need integratiqn by "general"
scientists, who can understand the essence of science and technology

and who can integrate by a traditional approach.

Professor Gunning

Our last speaker will be Professor Guiseppe Caglioti from Milan.
He is going to talk, among other things, about the application of

thermodynamic concepts to broader bases in society.

Professor Caglioti

Our Symposium has already heard a lot about the importance of
information in culture and society, and this is most encouraging. What
I am going to say will deal with the structural aspects of culture, and
in particular with the conflict between symmetry and information in
natural structures.

When we talk about culture we mean essentially the cultural
relationships between a man and himself, between that man and other men,
and between man and natural structures in general. These relationships
are essentially based on four principles which I would like to consider
in their technical meaning. The first is the instinct of conservation.
As Dr. Honda says in his interesting studies on security, animals behave
by instinct - so do we. The instinct of conservation is a prerogative

of living species in general and human beings too. Another factor which
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affects these cultural relationships between man and nature is the
fact that systems or structures undergo transformation; so we have
conservation and transformation, whiéh are contradictory terms though
perhaps compatible within the famous declaration of .Heracleitus "All
is flux, nothing is stationary"... although this is ambiguous because
if all is flux we count on the fact. Then these two concepts,
conservation and transformation, lead to two further concepts (also
conflicting) namely symmetry and information,

In a single diagram (Figure 1) I have tried to illustrate
the relationships between these concepts, and before going on to
definitions, I would like to emphasise that there are two kinds of
structures : equilibrium structures (or structures involving near thermo-
dynamic equilibrium) and disequilibrium structures, controlled by
specific chemical kinetics in far from equilibrium conditions. These
specific kinetic laws are those which permit the flow of energy and
matter to build and maintain functional and structural order in open
systems. In other words, while for equilibrium structures what is by
definition conserved during entropic transformation is symmetry, in
disequilibrium structures what is conserved during neg-entropic
transformations is information. I would like here to remember a very

interesting definition of life, given by Lila Gatlin : in her fascinating

book on the theory of information in the living system+, life is operationally

defined as "a system for processing information, a hierarchical structure

* Lila L. Gatlin : "Information Theory and the Living System.” Columbia
University Press (1972).
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of functioning units, which during evolution has achieved a degree of
perfection such as to be able to reproduce itself".

This completes my introduction of the various terms and ideas
which I should now like to consider in a.little more detail. Essentially,
I shall quickly examine the various terms, and I will begin with symmetry
and conservation.

According to Norman Wey1+, an operation is a symmetry if, once
one has performed it, one may remain unaware of having performed it.

To take a simple example, it is like rotating a wine glass on its axis,
for having rotated it you cannot recognise having done so (unless the
glass bears some asymmetrical mark such as'a spot in one place). Such
symmetry is an intrinsic feature of structures, deeply embedded in them
down to the atomic level : and since it allows transformation of a
system in itself via a dynamic operation, it introduces the so-called
constants of motion, which are very important because they make it
possible for physicists to write the conservation equations for
quantities such as momentum, angular momentum, energy and so on. When
we say energy is conserved, we mean that it is not produced or destroyed
but is only transformed, and that overall it remains constant : what is
transformed is the quality of the energy, or rather its lack of quality
which is entropy.

Entropy is the contrary of information : it is disorder, a number
of possible choices, uncertainty; while information is removal of
uncertainty, and the establishment of order and organisation. At the

previous DISCOVERIES Symposium, Professor Ishii remarked that true

* K. Weyl : "Symmetry". Princeton University Press (1952).
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beauty lies in the deliberate partial destruction of symmetry at the
end*. The point is that symmetry and information are conflicting
quantities or features, and I think this conflict is of real and
permanent cultural value. To help explain this, I refer to Figure 2,
which is an ambiguous design made by an Italian architect, Franco
Grignani of Milan (though many designs with similar features exist).
Figure 2 will be seen to be built up of cubic modules which share common
walls, which to some observers may appear to be slanted towards the
right, while other may think they slant towards the left. However,
after looking for some time at the figure, it is rather easy to find
that the walls start tipping over, from right to left and from left

to right. This is a curious phenomenon which merits more attention.
Figure 3,which has substantial similarities to Figure 2, is a way of
illustrating the chemical reaction between two atomic moduli (at the
top) to form a molecule (at the bottom). The structure in the upper

part of the figure is essentially symmetrical, in the sense that all

the points of the cubic modules at the left can be related to corresponding

points on the cubic modules at the right, and vice versa, and after
this operation the same structure remains as before, indicating both
conservation and preservation of symmetry. Then, if the modules are
combined into a single molecule (lower part of diagram) the centre of
symmetry still remains... but if the structure is now supplied with
energy, neural energy, so as to impose on it a degree of order in the

mind of the observer, then the uncertainty as to whether the common wall

* Proceedings of DISCOVERIES Symposium International,Honda-Fujisawa
Memorial Foundation (1976).









195,

belongs to the right side, or to the left side in the structure is
removed. Out of the undecidable, unrealistic, unsubstantial, ambiguous
and dynamic structure, the choice of left or right is made.

In other words, as soon as order is brought to the structure,
the symmetry seems to disappear, and a different situation appears on
the left from that on the right. Thus symmetry and information are
shown to be in conflict and, although one may wonder why so "unrealistic”
a structure should excite such interest, it isin fact a very important
type of structure for at least two reasons. First, because behipd any emotion
there must be information, which is a matter we should explore (although
emotions are generally ignored by scientists — except of course
psychologists). &So-we need to explore the roots of information, and I
believe my diagram is an expression of these roots. Secondly, the
diagram can also be used to explain the roots of other important concepts
such as the nature of valency bonds in chemistry : in fact I myself use
these diagrams to explain the meaning of these bonds.

Let us now go a little further into culture in general, to
eXarine ‘the symbolic associations in these diagrams as representing
general trends of our society and culture. For example, we may take
the very ambiguous language of music — an artistic language - in the use
of which I believe, for instdnce, that Bach wrote his masterpieces by
selecting musical symbols according to personal criteria or rules of
order, harmonically blended with mirror-translational or inversion
symmetry which can be seen when looking at any of his scores.

Then again, in poetry, only a minor part of the beauty is in
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the equal repetition of time in the metre to give translational
symmetry. The same kind of symmetry, which is a primordial type of
rhythm, is found both here and in music. But surely the real source

of beauty in poetry is when the poet captures very intimate sentiments
in relationships with nature, which have a permanent value and conserve
themselves... this is the special kind of symmetry we find in poetry,
by which poetry is recognised.

I believe the importance of information for living systems, is
part of the very definition of life, and I am therefore convinced that
human beings will try to exploit this importance more and more, as is
already being done by the Japanese who for several years have been
transforming their society towards one of informatique or distributed
information. Let me add that I think human beings will gradually adopt
more and more elaborate structures with very rapid movements of informa-
tion from one point to another and back again, as already happens
between the brain and any part of the human body.

There will be a continuing tendency to create structures where
information flows more and more rapidly, and I have in mind the communi-
cations structure in an orchestra and choir, where the violinists refer
to the first violin, the choristers to the director of the choir, and
both with the other players to the conductor of the orchestra, and
vice versa. I think that perhaps in this sense I should interpret a
statement a year ago by Professor Linstone which was repeated a few
days ago by Professor Simon - "We are heading towards a heterogeneous future

society. It will be made up of groups which are inter-active rather than
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stratified, diversified rather than uniform, qualitatively rather than

quantitatively oriented, symbiotic rather than competitive.

DISCUSSION

Professor G. della Riccia

At the start of this session Professor Gunning referred to the
slow development of both population and energy demand in the early days
of our world... that is, to a low demand over a long period, which has
now given way to very rapid population expansion with consequent rapid
expansion of material demands and hence energy demand. As a physicist
I cannot resist pointing out that the product of the two variables time
and work (or energy used) represents - the quantifiable parameter which
in physics is called "action”. Thus for a given action the amount of
energy required is inversely proportional to the amount of time required
to perform the process. Moreover the action variable is very important
in physics because the whole of classical mechanics is based on the

principle of least action,which in a sense is a variational principle,

which governs the whole dynamics of the system and indeed controls the
whole system.

Professor Gunning also referred to a third variable, intelligence -
though unfortunately he did not elaborate the idea of rendering action
intelligent. But it does seem there could be a case for adding some
form of intelligence dimension, in describing human social systems to the

dimension of action. Perhaps, if we could find a way to express action
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as a function of intelligence, we would then have a method for
changing equilibrium to simulate - and stimulate - human endeavour.
This of course is not possible in a purely natural (material) world
where action is quantised and it is not possible to make changes
involving less than the required quantum of action evaluated in terms
of Planck's Constant. It may be that human behaviour violates this
very strict principle of nature, and that the reason why it is so
difficult to analyse human phenomena is that we do not understand

the dependence of action on what we call intelligence, or maybe it

could be called information.

Professor Gunning

If someone defined intelligence as the ability to see simi-
larity in seemingly dissimilar materials, I think Professor della Riccia
has just exhibited very high intelligence. I believe these concepts
could give rise to much new thought, and a whole series of new papers

on the subject.

Professor A.C. Scott

Professor Gumning referred earlier to irrational reactions
against nuclear reactors. I wonder if his remarks referred to reactions
against the breeder reactor,which seem to me to have demonstrated a

great deal of ratiomality.
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Professor Gunning

I was talking in a broader context, in the sense that, even
with the present nuclear power plants many ungrounded fears have
been expressed and since discounted, and I feel that the development
even of "conventional" nuclear power plants has been deterred because
of a basic feeling among the public that these represent potential
atomic bombs. Of course this is ridiculous but nevertheless (and this
has been said on many occasions) it is to some extent understandable
because the first public experience with nuclear energy was a military

experience.

Professor Caldirola

I would like to refer both to what was said in his preamble by
the Chairman, Professor Gunning, and to the paper of Dr. Montalenti. Both
made it very clear that nuclear energy will be indispensable, in the
coming years, in helping to meet world energy requirements. Now, when
we speak of nuclear energy as it is today, we obviously refer to proven
thermal power stations of the boiling-water, pressurised-water or the
Canadian CANDU heavy-water types. But with thermal reactors alome, if
we make estimates of uranium deposits which are not too difficult or too
expensive to mine, we can quite easily calculate that nuclear energy
supplies from these types of reactors cannot be guaranteed in sufficient
quantities beyond the next 20 to 30 years or so, after which we have a
question-mark over fuel supplies. What possible solutions are then to

be seen for meeting energy demands on a world-wide scale? Of course,
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a contribution will certainly result from progress which will be made
in the study of other sources of energy, such as solar, wind, geothermal,
and so on, which may be expected to supply more than at present but
certainly not enough to make possible large reductions in demand for
other sources. So what other possibilities will be open to us?

Here I would like to make a brief reflection on the comments
of Engineer Montalenti. In my opinion the only way which will still be
open is that of nuclear energy, in which new processes, essentially
different from those of today, will be called for. On the one hand
will be the process just mentioned, that of the breeder reactor... the
fast reactor using plutonium as a fuel, in which Europe in recent years
has made very considerable progress, even in advance of the United
States (I refer to the Phoenix demonstration plant in France, to the
co-operation between three European countries - France, Germany and
Ttaly - and to the Super-Phoenix project which is presently being
developed. Of course these fast reactors, as has been mentioned, involve
some technical problems, and there also seem to be some others which
are physchological rather than real.

But then we may envisage a second route for nuclear power,
which has not so far been mentioned here because it is a solution still
in the future... I refer, of course, to nuclear fusion, on which I would
now like to say a few words.

In the last ten years or so, after a great deal of disappointment,
there has been a renewal of hope and an intensification of effort in the

field of nuclear fusion, and today there are four large groups working in
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this field : in the: United States, the Soviet Union, the EEC and,

since the last international conference on controlled fusion, which

took place four years ago in Tokyo, in Japan. And already there have

been some very positive results, notably from the European experiments,

which in my view represent the only programme which has had some

real success in the context of Euratom and the European Community.

The European project's organisation is also very well

prepared :

it is an association where, in the context of Euratom, the necessary

research programmes are distributed among the different laboratories

of the participating countries, with Euratom giving a coantribution in

each case,

What is the present status of fusion? First, there are two

main systems which seem likely to be successful in the not too

distant

future : one is a magnetic confinement reactor based on machines of the

so—called "Tokamak" type, and the other uses the so-called "implosive"

methods, such as those based on lasers or electron beams. Of the first

type is Europe's recently decided "JET" (Joint European Torus)

project

in the United Kingdom, which could be the first large experiment to

demonstrate the feasibility of a fusion reactor.

It is of course difficult at this stage to make forecasts as

to when energy from fusion will become an important practical factor in

meeting power demands. All of us know that the realisation of
reactor has three prerequisites — high temperature, high ionic
sufficient time of confinement : therefore it is impossible to

out a small-scale experiment in which these three requirements

a fusion
density, and
carry

are
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simultaneously satisfied. But I wanted particularly to say this -
not only in the context of the European Community but also on behalf
of the United States (where, at the Plasma Physics Laboratory of
Princeton University a type of Tokamak was recently started) and also
for the Soviet Union where new work is now being done on lasers - 1
wanted to stress that the fusion reactor, especially the magnetic
confinement one, is no more something belonging to the distant future.
The fusion reactor is a very special type of device, presenting very
special problems but offering very special rewards. And today, the
experts of the sector believe that, if the experiments which are now
being carried out prove as positive and favourable as expected, by
the end of the second decade of the next century it will be possible
to implement fusion reactors for power production.

So I want to conclude, in view of the current arguments over
fast reactors (which would in principle come into service some years
before fusion reactors) with a question to Engineer Montalenti. I
would like to know whether, in the planning and forecasting which he
described (which certainly extended well into the long-term future) he
had taken account of the possibility of a contribution from fusion
energy, which has the characteristic of being clean energy, because
there are no radioactive residues, no fall-outs, and in fact no major

health and safety problems.

Dr. Montalenti
Professor Caldirola has in fact provided in his statement more

information than I can give. He has forecast, for the second decade of
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of the next century, both breeders and fusion as something not so far
from reality. Not being a nuclear expert I will refrain from giving
my own comment on this.

In my earlier presentation I was offering three kinds of
forecast : one was technical feasibility, the second was commercial
feasibility, and the third was the actual start of a practical impact
on the market. Concerning fusion, my own presentation did not go beyond
the first detail, namely technical feasibility, for which I did not
and do not have a definite forceast. I cannot say more than that.

It is of course easy to speak of the future, particularly if
we assume that developments now forecast will inevitably materialse,
and I am sure this will indeed be true of many‘forecast developments...
one day. But the point I wished to emphasise was the rather obvious
question : how do we fill the gap between now and the day when we
expect to get these things... what do we do in between ?

We have heard mention of solar power and other alternative
sources, and on these I would like to make a statement, which I believe
I am more able to do than to forecast the future of fusion.

I would first like to say I agree that, as we heard yesterday,
decisions taken during the next ten years will largely define the
basis of what will happen over the next hundred years. This is certainly
true for solar energy and for the other alternative sources and it means
that, if we want to be serious about these sources, we shall have to
put a lot of money and endeavour into both research and demonstratiom,

more especially in the solar field. But let us be clear that this will
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not and cannot guarantee that at the end of the century we shall have

a substantial contribution of energy from these sources. In my diagram
I put the contribution at 27 - too pessimistic perhaps, for if there

is the political will to do so we might go to 4 or 5% and that would
certainly be a wonderful achievement... but again T ask, what about

the other 957? Because we shall need that other 957 to live, and I

do not believe we shall get it simply by waiting, whether for fusion,

"miracle" solution ... or for Godot! So I am convinced

for some other
that our only practical solution is to seek a well-balanced equi-
librium between small and big ~ between. the energy sources that are
available now, in the quantities we can reasonably predict from what
we know of them now. It is true that uranium resources, at reasonable
prices, are limited, and unless we arrive at breeder reactors in large
numbers they will not be enough. So our problem = at least immediately -
is how to get the most from our fossil fuels. And here, of course,
among our fossil fuels we have coal, and we have coal still in very
large quantities : 10 or perhaps 50 times as much as oil. But coal is
very dirty and difficult to manipulate : to mine, to tramsport and
to convert efficiently into usable emergy. However, new technologies
are being developed, such as automated extraction, liquefaction processes,
gasification processes, fluidised-bed combustion processes and other
methods for increasing conversion efficiencies (such as magnetohydro-
dynamics or MHD). Some of these processes are extremely promising.

I should like to add a word about the "big" and "§ma11"

concepts. I am sure there is a role for both, and I consider the future
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must be a balance between a limited number of large power stations and a
large number of smaller ones, whenever possible used in an energy
cascading way (as I showed in my paper). I am sure that this is the

way to bridge our coming energy gap. I cannot say more than that : I
cannot say when breeder reactors will come into widespread use, or whether
we shall have fusion power in the first or second or third decade of

the next century... or at all. This I do not know.

Professor Pucci

In opening this session our Chairman referred to the near-—
exponential growth of world population. If this rate of growth continues,
we may expect to reach 10 billion people within a 50-year period.
Obviously a saturation point must be reached largely independently of
energy resources, and we must expect to achieve a stable state
through voluntary self-control, through some form of legal control, or
through natural controls such as famine, disaster, disease or pollution.
Unfortunately, this third hypothesis seems to many people the most
realistic, and I think discussions about energy requirements and resources

are unrealistic unless they consider this.

Professor Gunning

This is a very pertinent point, and I will take it a little further.
Not only is our projected population growth curve very alarming in itself,
but if we look at average energy consumtion there is a multiplier factor

on a per capita basis, so that we are progressively using more energy per
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person in our rapidly expanding population. So energy demand is rising
even more rapidly than the population. This means that, unless we can
take positive action to avoid it, control of population resulting from
depletion of resources (energy or other) is likely to come extremely
rapidly. There is no doubt that one of our greatest problems today is
the control of population, the full importance of which is not always
appreciated because we tend to forget that demand for our resources is
increasing over and above the rate of population growth, But to come
back to Professor Pucci's point, although the per capita factor, plus
the growth factor, are leading rapidly towards a suffocation of popula-
tion growth, precisely when this point may be reached must depend on
the extent to which we can put in place alternative sources of energy,
such as nuclear power or some of the other sources we have been hearing

about.

Dr. Montalenti

Let me refer to two relevant studies. First the Meadows study+,
financed by the Club of Rome, which for the first time brought the
population problem to the general notice of the population. This suggested,
if I remember correctly, that an energy crisis was likely to develop around the
middle of the next century. However, there have been many criticisms of
both this and other indications in the "Meadows Report", the main one

being that it was too "aggregated", in that it dealt with problems on

+
So called after its authors, Brofessors Dennis and Donella Meadows,
now at Dartmouth College, USA ~ Editor.



207.

a "Single world" scale, when in fact the world comprises distinct areas :
Europe, North America, the Middle East, China, Japan, Australasia etc.
Nevertheless the Meadows Report was invaluable as a first effort towards

n

this type of "prospective analysis" : its approach and methods were

developed and improved in a subsequent Club of Rome study, that of

Drs. Mesarovic and Pestel+, which separated the world into ten geographical

areas and examined world problems under five heads - including population

and energy. I do not remember now the detailed conclusions for all the

ten areas, but one thing that was very clear was that the consequences

of a limited or no-growth situation must be very different in industrialised

areas, where they can be accepted because there are sufficient "cushions"

of proteins, calories, etc., than they will be in the third and fourth

worlds where they are likely to mean disaster, catastrophe and struggle.
Now, if we look at energy needs per capita in the third world,

when we consider an increase of population, I believe the predictions

are inevitably gloomy, particularly if we cannot count on the so-called

"alternative sources", as well as perhaps a more integrated use of

nuclear power towards the middle of the next century. Because without

these steps all the fossil fuels are going to be used up at an

increasingly alarming rate... and by the second half of the next century

we are all going to be in seriaus trouble.

Professor Linstone

I would like again to stress the importance  for the future of

what we do in the next ten years, but to add that, even if we take all

* “"Strategy for Survival" - Report by the Club of Rome- Editor .
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the right decisions, the very long lead times involved in, for example,
developing solar energy as a major contributor to our energy needs, will
still oblige us to wait 50 to 100 years... so we are talking about very
long time scales. This simply suggests the importance of looking well
ahead rather than concentrating on near—term plaunning alone.

Now a short question for Dr. Luzzatto. I was very intrigued
by his classification of genes - in a given situation - as good and bad.
We heard for example how a particular gene could be advantageous in a
malarial situation, but in other environments was bad. I wonder whether
we should not take a still wider view, with still more levels than
these two : in other words, are we not perhaps still looking at sub-
systems? Is it perhaps possible that the "good" genes at one level,
which become "bad" at another, could again have a "good" connotation

at a still higher level?

Professor Luzzatto

It is true that, in taking a single striking example, such as
the-one F cited, we must remember that interactions are in fact much
more complex. There are indeed interactions between different genes,
for each gene operates not only in the invironment, but also within
the whole genetic complex of which it is a part. A good example could
be another condition related to haemoglobin, called phagocymia, which
affects many populatios in the world, both in the East and in the West,
and which exists in two varieties called alpha and beta. Now whenever

a person has both the alpha and the beta gene at the same time, this
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tends to give a virtually normal situation, in other words the two
abnormalities offset each other. So I would certainly agree that, in
these designations of "good" and "bad" genes - as in most other things -
everything is relative. And, just as no gene is good or bad in absolute,

neither is an environment, nor the rest of the genetic complex.

Professor Simon

We have heard assertions about energy which I find a little
surprising. The main one is that there is mo -way out - no possible
society — unless our energy supply grows. And the choice we are offered seems
to lie between 67 and 27. Now I suspect that such flexibility is out
of this world. I suspect that, sooner or later, we are going to face
a very substantial energy drop. When, I do not know : not in the next
20 years, but certainly in the next 100 years. So why do we not envisage,
now, a change of society based on such an energy drop, which surely would
not be catastrophic. That is already the point of view of many youngsters,
as well as many ecologists - they want us to ride bicycles instead of

going in cars - and why not?

Professor Gumning

I think what Professor Simon has just said is true for most
representatives of the very highly developed nations, where energy
consumption is o much greater than in the vast majority of the world.
That is why we can contemplate reducing the amount of our excessive

consumtion with some level of equanimity. In the rest of the world,
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however, where development lags so far behind, and with it what we

call the standard of living, the idea of cutting back on an already
minimal energy consumption is unthinkable. What the developing countries
need desperately, in fact, is a progressive spreading of the industrial
revolution, and it is this that will make gigantic demands on our

energy.

Professor Mendia

I wanted to comment along the same lines mentioned by
Professor Simon, though I also appreciate Professor Gunning's comment.
I think that we are too much concerned about the proﬁlem of energy -
as if it were the only problem, the whole problem. It is certainly
a very big problem, but there are other matters to be taken into account,
notably population growth and the consequent problems of malnutrition.
It seems to me that despite the help we may have, from science in general
and genetics in particular, towards growing better food crops, produced
along different lines, a continually increasing population must
inevitably lead to a degradation of the quality of life. So we have
the major problem of finding a new model for growth, and here I think
we might well review expenditures (in both money and energy) on projects
and undertakings that do not contribute to the quality of life. For
instance, one action we might attempt could be the reduction of military
expenses for armaments all over the world. § 300 billion are being spent
per year in this field, which certainly do not contribute to a better

model for the growth of mankind.
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Professor Caianiello

Whenever I take part in discussions about the future, I
feel T am witnessing the apocalypse of St. John, where the angel comes
to him and tells him "Write down what you have seen : the things that
were, the things that are, and the things that shall be". We have
‘learnt from Professor Apostel that in writing the things that were we
are not usually exactly right. And for the things that are we have only
to read the different newspapers. As for the things that shall be, it
seems that already the four horses are unleashed against us. However,
we may remember how a similar problem is treated by Euripides in his
tragedy Orestes, at the conclusion of which we find King Menelaus with
a sword in his hand, chasing after Helen who has been slightly less
than faithful to him. But then a god, a deus ex machina, stops him
and explains it was not her fault, it was the gods' will. The Trojan
war was willed by the gods in order to relieve earth of the outrages
committed by a too-rapidly increasing population.

Now, what success would we have had 70 years ago in attempting
to forecast the population situation (or any other situation) of today?
Perhaps not more than we may expect today in trying to forecast situationms
70 years from now. I would emphasise that I am not being scepfical, just
sounding a note of caution.

I have one other remark, concerning whether or not big is
optimal. We cannot of course expect to build small nuclear reactors
or stratocruisers in our back yﬁrds. But perhaps, with our increasing

mastery and knowledge of chemistry and design, might it not be possible
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to envisage chemical processes that are more efficient but can be carried
out on smaller scales, Could not this reduce risks in case of accident,
and at the same time offer more employment than in today's enormous
chemical plants in which less than 50 people are employed doing nothing
but pushing buttons. I am wondering if this might not be part of the

answer to Professor Simon's plea for a reduction in the scale of life,

Dr. di Giulio
That is certainly a very interesting idea, and would be dealing
with chemistry more nearly in keeping with what nature does. The use

of micro-organisms and enzymes, that is industrial biochemistry, is

today a well-known technique which can be used on a small scale.

However, such use is still comparatively new and rare.., I believe it

is currently more used in Japan than in Europe or the United States.

Many products that up to now have been produced mainly in large-scale
plants, usually using reactions based on catalysts, can also be

obtained through biochemistry using micro-organisms or separate isolated
enzymes. Such production requires only small plants, much smaller than

the huge complexes of conventional chemical production.

Professor Gunning

I must make a comment here, for this is my own field, the
field of fermentation technology, which in fact has been quite highly
developed in the United States as well as in Japan. At least for the

moment, however, the use of biochemical processes is economically valid
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only for the production of chemical compounds that cannot be produced
by conventional methods, because of course biochemical production is

very much slower. However there are some materials which are used in
the pharmaceutical industry that can be produced most effectively by

fermentation technology, and for these there are many fermentation

plants in North America.

Professor Atsumi

I can certainly confirm that in Japan we are making use of
industrial biochemistry including fermentation and enzymes. However,
the same economic considerations apply in Japan as just mentioned by
Professor Gunning for the United States. But I am sure the applications

of these processes will increase in the future.

Professor Gunning

1 have to bring this session to an end. In doing so I would
like again to thank Dr. Honda for sponsoring, initiating and vitalising
this Symposium. His opening remarks in our first session set out with
crystal clarity the goals to which we should address ourselves. I must
also thank Professor Caianiello and the members of the Rome Committee
for organising what I think is an enormously stimulating symposium.

There is one further observation I would like to make and it is
this. The problems in our world are staggering for all of us, but perhaps
by bringing together people of various languages and various cultures, in

an interdisciplinary symposium such as this, we are marking a new route
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towards solving those problems. Most of us tend to become immured

within the ghettoes of our own particular technical speciality. You
notice that even in this meeting people from different discipiines

will use the same words with different connotations, or at least different
shades of connotation. Clearly we have many barriers to overcome, but

I am sure we are working in the right direction.

000000000
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CHAPTER IV

Fourth Working Session : Communication and Information

The full title of the fourth Working Session of the Rome

Symposium was The Intercultural Shock - tasks and failures of Mass-

media Communication - Pollution through Information. In fact its

coverage went well beyond communication and information, and it proved
to be wide-ranging discussion of many facets of modern technology and
their influence on "the quality of life". It was also noteworthy for
bringing to a clearer focus than hitherto the somewhat different methods
of reasoning found among the different disciplines represented - notably
the "pure" physicists and the "pure" philosophers.

The session was chaired by Professor Roger Revelle, Director
of the Center on Population Studies at Harvard University, USA.

000000000

Professor Revelle

I believe the subject of this session of our Symposium is by
far the most important of the meeting. If this statement shocks you, I
would like to ask you one simple question : how could we have the Symposium
if we could not communicate? And communication, in the sense of trans-
ferring complex intellectual information through speech, writing, and
direct visual presentation, represents a form of evolution particular and
peculiar to human beings. Of course, everything in the universe evolves :

galaxies, stars, planets and life. And we are part of life, we are subject
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to the laws of life, including the laws of biological evolution through
gradual genetic modifications, which we discussed in our last session.
But beyond this we humans have invented, comparatively recently in
our history, a special kind of evolution which has transformed our own
condition and transformed the world that we have contact with. This
special kind of evolution is cultural evolution, something which did
not always exist.

If we look at the remains of Neanderthal man in Europe or in

Africa (homo erectus and homo habilis) one of the characteristics of

his stone tools was that they remained virtually unchanged, undeveloped,
for a million years. The million~year-old artefacts that we find

are almost identical with artefacts that are only 50,000 years old.

But then homo sapiens appeared, with his ability to talk, to exchange
information using language, something which Neanderthal man was probably
physiologically incapable of doing. This ability to make complicated
sounds and so build a language, which is the basis of human communication,
was the basis also of cultural evolution.

The title given to our present session includes some very
interesting subjects, but to me they seem to be some of the less funda~
mental aspects of communication. The really fundamental question is
surely how we can learn to communicate better. We need bettér communication
among scientists and among intellectuals, which means we néed to develop
further a common and widely understood language. We need better communi-
cation between different groups within society, particularly, for example,

between scientists and politicians - a better two-way communication between
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scientists and public decision-makers. And we need better communication
among and between different cultures. These matters of communication
are very fundamental : they have a great deal to do with the nature and
structure of language and of thought.

If we now come to mass communication (which is an expression
I dislike because it is an elitist kind of expression) then we have
both a technical and acultural problem. The technical problem at the
present time is that the electromagnetic spectrum is too vaguely and
too coarsely used. We waste it, for if we examine it carefully
it is like a line, which can be divided into an infinite number of
infinitely minute points; so probably there is no fundamental limit
to the number of channels of communication within the electromagnetic
spectrum if we can manage to make the right kind of electromics. And
I believe the reason for doing this, in terms of communications between
people, is that our present mass communication systems are almost
entirely one-way systems. The television, the newspapers and the other
devices we use among large groups of people are all one-way channels -
a few people talking to a lot of people. We have recently experienced

a phenomenon in the Unitéd States called Citizeng' Band Radio. Citizens'

Band Radio is in many ways a nuisance, but I believe it is also

a tremendous intellectual and moral breakthrough, because it involves
intercommunication among large numbers of people, people who normally
have never met each other but who find themselves communicating now
through the electromagnetic spectrum. And it seems to me that there

is no reason why this kind of two-way communication cannot become the
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mass communication of the future.

In putting forward this idea, I must also admit that we have

~a long way to go technically, intellectually and, I believe, morally,

in developing not only the technology but also the understanding, the
concepts of language and of logic which will ﬁake the two-way
communication successful and fruitful. And that is what I think should
be the purpose of our discussion here : to examine the nature of
communication, the nature of language, the misunderstandings or the
differences of thought which express themselves as differences in
semantics among and between different groups of people.

Our first speaker will be Dr. Barrington Nevitt, of the

Center for Culture and Technology at the University of Toronto, Canada.

Dr. Nevitt

As you will have seen, I have prepared a written paper which
has been circulated by the Symposium Secretariat. It is much too long
to present orally, so I shall try to give you 3 few of the highlights
of what we have been doing, at the Centre for Culture and Technology in
Toronto, in the fields of communication, innovation and invention. The
main themes that I would like to discuss are, firstly, the new approach
we have adopted towards discovering the "laws™ applicable to the new situation
in which we find ourselves, a situation no longer explicable through the
old ground rules that have served most of us in the past.

My second theme will be the somewhat paradoxical combination of

incompatibility and complementarity in Easteérn and Western thinking that
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is the cultural context of our present world; and my third main theme
will develop this by affirming that the gzg_behind technology is the
matching of invention (the process of making new) with innovation (the
process of adapting the old to accommodate and benmefit from invention)...
which implies that art must always precede science, even when scientists
are the artists.

Having cited these aphorisms, to avoid lengthy discussion of
them I will now invoke another, namely that poetic insight, like myths,
can compress into very small form a great deal of human experience. And
I will simply say that invention occurs at the magical interface between
sleeping and waking, between consciousness and unconsciousness, between
knowledge and ignorance and also (in the context of our Symposium)
between Eastern and Western perceptions of the world. These are the
fertile frontiers where invention occurs, randomly rather than by
planning or programming, in a gap, rather than in a connection, in a
process that goes on between things.

Now the Greeks had a word for inventors of software (using the
term in a broader sense than that of computer jargon) and it was poet.
It was the poets who were the analysts and guardians of culture, stored
in their memories and communicated by oral declamgation, at least until
they adopted the writing of the Phoenicians and the Semitic tribes of
the area which, when they started to use it, created a totally different
culture - the result of an innovation. 'It was about 300 years, however,
before this writing dislodged the educational "establishment" based on

the bardic tradition of Homer, where everything was learned not by
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heart but by harp... using mime and music to record the whole culture.
For us, the significance of this is that it created a totally new
psyche, whigh came into existence by accident, not by design. The
effect of learning to read and write with a Greek script which was
phonetic (that is, composed of phonemes or single abstract soundé with
no individual meaning, and which could therefore translate any other
language into itself) rather than using an alphabet that was more phonic
or syllabic (as all the other other alphabets were) was surely the first great
revolution in human psyche that occurred in the Western world. It created
Western civilisation and divorced thought from feeling; it created the
illusion of objectivity, of being able to look at the world as a
spectator, separated from it rather than part of it. Nobody in oral
cultures could ever consider themselves as being separated from nature,
they were an extension of nature, until the Greek alphabet allowed them
to think in other terms; and on that we have built our whole Western
culture establishment - its science, its philosophy, everything we hold
dear whether useful or an impediment.+

Now we may compare our Western way of introducing innovation
with that of the Chinese, who invented many of the things we use long
before we did, and treated them as toys; because they could perceive
the effects that these inventions would have on their culture, and
perceiving this they decided to use them only as playthings. Which in
fact is one of the things we do with our old technology, as James Joyce

first perceived when he said "Pastimes are past times", meaning that all
p P 4

No innovation is achieved without creating at the same time both useful
"services", which we may intend, and impediments or disservices which
probably we do not intend, or have not stopped to look at.
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our games replay our past. I emphasise this because it applies to all
our technological inventions and innovations, which can be seen as
means enabling us to understand nature in a new way, in both conceptual
and perceptual terms.

Here I must draw the distinction between percept and concept,
because this is basic not only to communication, but to invention.
Percept is direct encounter with the world... personal direct encounter
through all one's wits and senses in whatever way they experience the
surrounding environment. When we gather together repeated experiences
and try to understand and explain them, we form a concept, and that
concept is a useful tool which we can then apply to future situations :
that is the "service" side of the concept. The disservice side is that
if what we then perceive does not fit OUT concept, we may reject it
or filter it out or pay no attention to it, thus automatically
converting all our perceptions of the present into concepts of the past :
in other words, we are made to see the world "through a rearview mirror".
That this happens automatically (and certainly unintentionally)’is due
to our education and culture which have made us lose the direct
perception we had as children; it has been "educated out" of us by our
educational establishment.

I would like to cite a concrete example of this : we of the
Western world learn, when we are children, to read and write sequentially
and logically, as all Western civilised people are supposed to do. And
subsequently we think sequentially, reason sequentially, present infor-

mation sequentially, always applying to the visual space structure
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around us the hidden environment created in our minds by the way we
originally learnt to read and write. This is the context of our

whole culture, a structure of thinking where all things are connected
sequentially, with separate centres and with fixed boundaries. But
there is another structure of perception, which corresponds both to the
pre-literate Western and to the existing Eastern cultures, as well as
to our own children before they have been "educated"”. I would call this
an "acoustic space structure", a structure where processes are related
simultaneously. It has centres everywhere and boundaries nowhere, the
kind of structure which is made by music which has no point of view
and surrounds of you.

Now we may use our ears like eyes, trying to locate and identify
the source of music. This is adopting visual space structure even for
sounds. But we may also use our eyes like ears, and this is what we do when
we watch television... because television is not a "picture" in the
ordinary sense of the word; television is something which uses us as
a screen, where we reconstruct our own picture on the basis of our own
personal experience. That is why television is a totally different
psychic experience to viewing a motiom picture, with totally different
psychic and social consequences.

And so we arrive at the following conclusions. If we recognise
these patterns as valid, we also recognise that they have created a
private psyche for Western man for the first time in human history,
while the acoustics-based people, those who live in an environment whete

everything is simultaneous all the time, have only corporate identity,
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not private identity. They hide their private identity; they have no

wish to show it either in their religion or anywhere else, for it is not
considered "decent". And they cannot live,either alone or in tribes,

for tribal people, if they are outcasts, just die, because there is no way of
having a separate private identity in these circumstances.

Now we can see that visual and acoustic space structures are
incompatible, for we cannot translate the simultaneity of acoustic
space into the logical sequences of visual space. We cannot translate
a simultaneous chord of music into any tune whatever. Nevertheless
visual and acoustic space structures can be complementary, like separate
parts of the brain, one part being "specialised” in visual structure,
another part in acoustic structure. And we cannot translate or convert

_one into the other; we must understand each of them in their own terms,
and-with all our wits and senses.

Now what has happened in our world is that with the advent of
the electronic media we have transformed an enormous part of our world
back again from a visual space structure to an acoustic space structure,
where everything goes on at once and all the time. So that the mass
media, which we talk about so much, are an expression of instantaneity,
where everybody and everything is simultaneous, whether they like it or
not. And thus we have the paradox of modern communication, created
in the belief that it would bring about human understanding throughout
the world, yet in fact resulting in reduced human understanding because
it "re-tribalises" the whole of our civilisation. -.And we have only to

look at our children and at the separatist movements in the world to
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realise that it is this re-tribalisation which has caused the changes...
yet instead of studying the communications media in this context we
concentrate our attention on the resulting figures and events, ignoring
the grounds which created them. If we look at any of the many studies
which are being made today by the "media experts", we find they are
studying the programmes to see what effects they have (on viewers,
listeners, readers)... they are studying violence on and in the media,
rather than the violence of the media. And this is, in Aristotelian
terms, the difference between the formal and the efficient cause : the
efficient cause is the person who tries to control the environment, the
formal cause (or the forming cause, as I prefer to call it) is the
environment which is changing the person. We have created a "nature" of
our own, a Nature with a capital N which is the result of our technology
that technology is now recreating us, and we are simply reacting to it
ithout ever having understood how it came about or anticipated its
fects.

All our logic and our sequential ordeting‘pf events in science
deals with what can be seen (we even have logical positivists who go so
far as to say that what cannot be seen does not exist).  Of course, to
be seen in this sense means to be seen through "instrumentalities",
conceptual approaches, in fact, visual space structure. So if we
change that structure for one of acoustic space, we shall quickly get
lost if we do not also change our logical ground rules. But we must
proceed with great caution and prudence, for. to push anything to

extremes, in quantity or speed or scope, can reverse its effects... a
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pattern which has been long recognised and which calls for constant
readiness to change direction in compensation.

Now we seem to have no reliable theory of change in Western
science, for we treat everything as though it were atoms in the void...
statistically. We have forgotten how to deal with the music of the spheres,
with transformation. The transformation theories we have are either
Hegelian or Marxian, dealing with concepts not percepts. And the new
ground rules are not rules at all, but only process patterns whereby
we learn to deal with the present in its own terms... perceptually
not conceptually : so that the futurists who extend their previous
concepts from the past to the future and then try to scare the wits out
of- all of us are creating new fallacies by simply ignoring the present,
which is the father of the future.

For those who would like a practical example of this, since we
are faced with an energy crisis let me remark that we could save one-
third of the energy now being used by simply changing one thing :
staying at home to answer the telephone instead of doing it in the office.
There are very many similar insights to be gained by studying the present
in its own terms and asking why we have an energy crisis, or why we have
a population explosion? Two years ago, a meeting was held in Rome on the
financing of food production so that the world should not starve; and
afterwards the delegates went home and were setting up Marketing Boards
so that there woild be no unsaleable mountains of beef or unsaleéble
lakes of wine or floods of other things which could not be sold. Where

is the logic in that? Where is it taking us? I suggest it is taking
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us to what has been called by some people "mutually assured destruction”,
or MAD.

As I see it, the only real problem we have in our world is
forgetting our out-dated concepts, and instead of behaving like experts
and arguing with each other about our knowledge, behaving more like
children and sharing our ignorance to find out through dialogue how to
make discoveries. For I am convinced that we can learn this not through
the scientists alone, but through the poets, the painters and artists,

and through the people of the Third World who are not yet over—civilised.

Professor Revelle

I will now call on Professor Maurice Marois, Director of the

Institut de la Vie in Paris, who will discuss a device for communication

among scientists and intellectuals, namely his Institute,

Professor Marois

I should like to describe an attempt at improving communications
between scientists of widely differing diseiplines, and more ambitiously,
between science and humankind.

Paul Valéry+said "The wind is rising and we must try to live".
In fact, ever since men have been men the wind has been rising and we
have been trying to live... and we have succeeded, since we are here,
alive and the latest link in a long chain of generations to emerge from
the depths of bygone ages, and which link-by-link should continue through

the course of future time.

+ . s .
Paul Valéry (187! - 1945). French poet, essayist, critic and philosopher,
who developed a theory that all mind processes, whether in science or the
acts, are analogous.
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Life has a history, a policy, and a future. Historically our earth,
lost in the middle of the tens of thausands of planetary systems which
m#ke up our galaxy, and the hundreds of thousands of galaxies in movement
in the universe, was born five thousand million years ago. On this
earth, formed of the same stuff as the rest of the immense cosmos, life
probably appeared some three thousand million years ago. The origin of
life was almost certainly a unique event : this hypothesis is supported by
the observed structural unity, and the unity of the mechanism of self-
propagation and maintenance of the living world. Following this unique
event, life has been evolving for three thousand million years, with
man as its last and most complex form, emerging perhaps a million years
ago.

Then life has a policy, comprising perseverance, conquest, self-
expression and evolution. And what perseverance! What lavish
perseverance! In order that a single human may be conceived, the male
sexual organ produces between 200 and 300 million spermatozoa for a
single emission of seminal fluid - a number of spermatozoa equal to the
population of Western Europe. Ten emissions represent the whole of the
earth's population. The ovaries of one woman contain 700 thousand
ovules, 400 of which are emitted at the rate of one every 28 days over
the 30-year span of the woman's reproductive life. Thus billions of sperma-
tozoa and hundreds of thousands of ovules are produced in order that a
couple may have some chance of conceiving two or three childrem. Life
spends lavishly in order to survive.

Another aspect of life's perseverance is its adaptability, and its
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obstinacy, as witnessed by the survival of certain species from the
earliest ages. They have traversed the centuries by reproducing them~
selves identically right up until our day. That they have done this
is remarkable... and we may well wonder what great design lies behind,
what destiny lies for them ahead.

Second only to the perseverance from which it derives is life's
policy of conquest. When life left its cradle in the ocean, it made
the conquest of land. Today the conquest of the cosmos is taking place.
And this policy of conquest is animated by an enormous power of expansion
a single bacterium dividing in a favourable environment or conditions
could produce, by geometrical progression, a mass of living matter
greater than the mass ofthe earth within 8 days.

Next, self-expression : the nucleic acids which make up our
chromosomes use an alphabet of 20 letters, the 20 amino-acids. What is
this alphabet? Life creates, destroys and recreates ad infinitum, and
these 20 characters, offering an infinity of words, are the basis of
inexhaustible variety. And with self-expression comes evolution, from the
first manifestations of living matter three billion years ago, through
algae and mushrooms, molluses, the first vertebrates, fishes, reptiles,
birds and mammals and finally, the last born of life, man.

Such is the powerful policy of life, but life has known some
dramas : the frailty of the higher orders in face of natural disasters
and the predacity of others, the striking diversity between the super
abundance of fertilisable ovules and the few that survive. What does a

cell dream of, we may wonder. Of becoming two... there is the basic
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movement of life. . Yet so often this movement does not reach its issue,
Although a single bacterium dividing in favourable environmental condi-
tions could synthesise,by geometric progression, a mass of living

matter greater than the mass of the earth within 8 days, in fact this
does not happen. For the expanding mass is quickly faced with scarcity,
penury, and its own limits. Paradoxically life becomes a threat to

life. Yet life recuperates everything : each of the atoms and molecules
which make up our organism has been involved with billions of living
beings before us, and our remains will serve to construct other organisms
through the agency of the well-known cycles of carbon,oxygen,nitrogen’
phosphorous and so on. From this point of view death has a place in the
economy of life, it becomes the servant of life in giving the latter new
possibilities for fresh trials, for fresh forms of protoplasm.

This life with its legendary past, its obstinate will to persist,
has a great future ahead of it. Our earth, we are told, will remain
habitable for man for another six thousand million years, so that humanity
has so far covered only one ten-thousandth part of its journey since the
first man appeared. Certainly a great future for life, but let us
remember, it could be with man or without him. Man is now at the top of
the evolutionary tree, but he has ample means to cut himself off from
his destiny.

My testimony as a biologist comes to a close here. In many
places, I have intentionally given it the tone of a hymn to life... an
outline of the policy of life. I come back to perseverance : to persevere

in the fight for life implies the rejection of all philosophies of despair
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as dangerous. The power that man has given himself through science
could certainly lead him to his own annihilation, the brazier he has
kindled could destroy him. But the end of human history would
certainly not be the end of the history of the universe, not even
the end of life, but simply the extinction of one particular species
and of a few others associated with it. Furthermore, what has been
created by evolution once, could be created again.

+ 4+ + 4+

I should now like, on the invitation of Professor Caianiello, to
describe an undertaking. On September 8th 1960, I invited a number of
fellow scientists to meet with men of the highest level of truth in

order to create an institution for life, an Institut de la Vie, which

should become a centre for men willing - and wishing - to reflect on
humanity, its past and future,:and its responsibilities throughout- life.
Since its creation the institution has developed and expanded throughout
the world, carried forward by the hope of man and by the tide of
history.

The Institut de la Vie has as its object to safeguard the

harmonious development of life, primarily human life. It is a universal
calling, for life knows no frontiers. The Institut has chosen two
unifying themes : Science, from which it endeavours to establish a
universal concensus on both fundamental and practical questions; and
Life, which is our common will. The Institut regards body and mind as
essential co-partners : the body being needed for the physical inter-

pretation of thought into action (and for the material support of the mind)



230.

and the mind being the vital inspiration of intelligence in life.

The Institut de la Vie is a permanently available source of

fundamental and applied reflections, both political and practical,on
life and man's estate. It brings together the most competent
scientific and technical personalities to carry out research at any
time and on any problem, within the pluralism of disciplines and
philosophies, so as to find solutions best adapted to the needs and
aspirations of human beings - and in particular to provide advice for
those (e.g. in governments) who are vested with great responsibility.
The Institut maintains a constant flow of exchanges between men
at all levels, so as to render them more sensitive to the value of life
and teach them to respect it. The Institut's main objective is the
understanding and mastery of the mechanisms of life. It organises
conferences on fundamental science, from theoretical physics to
biology, to examine these mechanisms : the Organising Committee counts

among its members 21 Nobel Prize winners. The Institut de la Vie is

interested in man throughout his life, from the moment the spermatozoon
reaches the ovule : here is man at the moment of conception, and the
problem is to safeguard his cosmic heritage. For this we have founded

an internatioanl commission for protection against environmentaly
stimulated mutagens and associated risks. The need here is to avoid both
physical birth defects and mental retardation; and because 10%Z of new
births suffer from small birth defects, while 1% have very severe birth
defects, we have established a worldwide foundation for the study of

the formative weeks of human life.
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But it is not enough to safeguard the biological capital of man,
the earthly home where his life is spent must also remain favourable
to him. Our fragile and vulnerable ecological environment, whose
resources are clearly not boundless, poses the problem of possible limits
to growth. So we have to work out, while we still have time, an
intelligent plan to ensure that mankind can continue with his great
adventure during the six billion years which still lie ahead before the

earth becomes a dead planet. The Institut de la Vie has organised a

worldwide conference on this subject, with 250 scientists from all over
the world. There were five main themes : economy, energy, pollution,
design of global models, mineral resources and recycling.

Human enviromment is becoming more and more urbanised, and
habitat is now an important theme of life, so we have a permanent
group devoted to this subject. The environment may sometimes develop
particular characteristics,notably in the less advanced countries where
parasitic diseases can constitute a severe problem which has not yet
been completely resolved. What can be done? We have organised a
conference and we now have a group on the chemotherapy of parasitic
diseases,

Lastly, man is going towards his end and the inevitable
biological ageing is a challenge to science and to gocial policy, so
we have organised a worldwide conference on this topic too, with 250
scientists taking part. And because science and technology are continually
modifying the éonditions of man's life and of society, we have organised

conferences to analyse the consequences of ceaseless innovations (for
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example, two conferences on man and computers).

In all these domains the Institut de la Vie is committed to

permanent action; it holds international conferences on applied science
and it defines all-embracing programmes. Its programme is not limited,
it is open to all fields of major interest. And the Institut is not
only concerned with means, but also with hopes and aspirations. Man
does not live by bread alone, he lives by hopes and symbols. The
Institut has created prizes which are offered for work on the value of
life, the enviromment, and education. The international juries concerned
are representative of the highest forms of civilisation and human
endeavour; we have Nobel Prize winners in science, peace and other areas.
We have support from UNESCO , FAO, WHO, ILO and other organisations, as
well as from the Academies of Science in the United States, the Soviet

Union and Japan, The Royal Society and three other Royal Societies in

Britain, and many more.
Today, life and the quality of life constitute an important

political theme, and the Institut de la Vie has initiated an international

diplomatic effort to present life as a worldwide value which is at stake
for the whole of the human race today and in the centuries to come.
Numerous heads of governemtns from all points of the globe have shown their
intention solemnly to commit their own countries. A World Foundation and

a World Agency of the Institut have been established in Switzerland.

To conclude, the Institut de la Vie, fostering a new awareness

of human responsibility, is endeavouring to unite the great social energies
in pursuit of a vitally essential goal, that humanity should become

aware of itself, and that every man should be able to nourish his hopes
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of life and accomplishment. A determination to understand, to foresee
and to act, combined with an admiring devotion to life, is the motive

power of the Institut de la Vie. May it lead to a greater fulfilment

of man's destiny.

Professor Revelle

Our third speaker will be Professor Gabriele Morello, Professor
of Skatistics in the University of Palermo, and Director of the Superior
Institute for Management and Business Directors (ISIDA) also in Palermo.
Professor Morello is going to discuss time orientation and its use in

social research.

Professor Morello

Like some of those before me, I am going to present here a
shortened version of the full text which the Symposium Secretariat has
ciruclated in advance. My subject, as Professor Revelle has announced,
concerns time, a subject which is very much discussed but about which,

I believe, rather little is understood... or at least agreed.

However few would dispute that time is one of the two major
dimensions of our thinkimng, the other being space, these two dimensions
being the basis of all human quantitative description and measurement.
And while space may be static of dynamic, time is dynamic by definitionm,
hence its importance for the measurement of change as seen through what
some psychologists call time orientations, others call time perspectives,

time dimensions, or psychological times . This brings me to my main

* For a discussion of these and related terms see Johan Hoornaert :
"Time Perspective. Theoretical and Methodological Considerations"
Psychologica Belgica Vol. 13 (1973) pp 13-27.




concern in the present paper, namely that although all of us obviously
live in time (though we do not know precisely - in spite of the great
interest, from theologians to physicists - what time is or how time
passes) we do not necessarily live mentally in the present. We may be
thinking of our next meal, or of our plams for the future in a year's
time; or we may think further away, we may have a "day-dreaming" approach,
or think in precise terms of what we may hope for the future... or what
has happened in the past. Certainly a good part of our life (if our
thoughts comprise our life) is spent in the future - so that the future
becomes the present. But, and this is a most important point, the
present does not contain the same future in the same way for all people.

Then for other people, memories may be more relevant than the
future in time perspectives, and these people tend to "filter" the
present through their own past. Finally for some others the present is
indeed the present ~ they live here and now.

Having established this, a cogent question must be whether we
could develop a temporal typology which could be used for empirical
research into possible correlations between different types : the past-
oriented, the present-oriented, and the future-oriented types. And should
a correlation be found, then perhaps we could extrapolate to discover if,
existing as an individual dimension, it could also be a group dimension,
or a societal dimension. - We might for instance find we have companies
which are future-oriented or past-oriented; similarly oriented societies,
for example, the Japanese future-oriented and the Europeans past-oriented,

(or vice-versa?). All I can say for the moment is that, as a statistician
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interested in management, I have been associated with some research related
to consumer behaviour, and have so come across this temporal dimension,

on which I and my colleagues have done some work and developed some
hypotheses. It is about this work that I now wish to report.

We -have taken as our starting point some work by the Princeton
psychologists Mann, Siegler and Osmond+, itself based on an original
postulation of C.G.Jung++, who in 1921 suggested that there were four
functional ways of perceiving the world : through feeling, sensation,
intuition, and thinking.

The feeling type is basically the past-oriented man. He is past-—
oriented in the sense that for him time is "circular"; whatever he
experiences in terms of learning processes is immediately sent back into
his own memory, and he keeps on using this memory which accompanies him
throughout his life. A consequence of this is that feeling types have
difficulty in making decisions; deciding for them (which is a traumatic
experience anyway) is a sort of psychic laceration. Dr. Osmond has
come to the conclusion in studying marriage failures that a great many
are due to different temporal dimensions rather than to any other apparent
dimension. For example, if the wife is future-oriented and her husband
past-oriented, the couple will almost certainly have difficulties in the
long run, because the correlations they bring with them in existential
terms have dimensions of basically different types. Obviously, that is
oversimplification, because no normal human being lives wholly in the

future or in the past - but normal human beings do, normally,have a

H. Mann, M. $iegler and H. Osmond : "The Many Worlds of Time".
Journal of Analytical Psychology Volume 13 (1968) pages 33-56.

- See, for example, C.G. Jung : "Psychologische Typen". Reprint (1967) by

Zurich und Stuttgart Rascher-Verlag.
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prevalence in their make-up for one or another type of time orientation.
To return to the feeling type, normally he is more interested in human
beings than in problems. He is more interested in matters which provoke
and promote feeling, sensation, emotion : his weltanschauung is linked
with a clearly emotional, often humanitarian approach to things, which
may well be expressed through poetry or the poetic use of natural
languages.

Now I come to my second type, the sensation-man, the man who
lives the present as and in the present. Such men are typically salesmen,
for whom sales are the events which give meaning to the past and the
future as well as to the present. A sale for them is a truly synallagmatic
event - an exchange of reciprocal obligations - at a single golden
moment which is the instantaneous present. It is this moment, it is now,
which is of interest to the sensation-man... the present lived as the
present. Future planning is difficult and past events of little interest.

Then the sensation-man has a strong interest in power, perceived
as the only way to keep the present as the present throughout time. 1In
this sense, power is a supporter of the paralogism of time, according
to which time passed is no more and the future has not yet arrived,
therefore neither time past nor the future exists. And this can make the
action-oriented sensation-man very dangerous for, as Goethe said, there
is nothing more dangerous than ignorance in motion. Yet the sensation—
man may instead be a very good man, particularly, for instance, as a
member of a group. He will normally have an extremely quick reaction to

a concrete situation. Seldom intellectual, nonetheless he will very
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often respond immediately and "correctly" t§ situations affecting the
realistic structure in which he lives and perceives.

I will be brief about the intuitive-man. Dr. Osmond has
described him, beautifully and accurately, as the man who is always
where things are not yet. As opposed to both the feeling and the
senaation types, for the intuitive type the present is the future (or
the future is the present). For this person the direction of the flow
of time is from the future into the present rather than vice versa;
and he is therefore often frustrated by having to wait in the "real"
present for chronological time to catch up with his dreams. If I were an
intuitive person, I might for example ask a colleague to write me a paper
on some particular subject and then, when the paper was written and
presented to me, I would not be interested in it any more, because
already I would bé"somewhere else."

I now come to the last of my four types : the thinking-man. It
is this man who relates past, present and future in a continuum. For him
the temporal dimension, like a carpet which is constantly unrolling, is
the meaningful and measurable system that links all time in a balanced
and - at least to himself - comprehensible manner. Thinking people may
be very boring or may be the great planners of the world, but their sense
of time is evident and impeccable. Rather than, for example,
extrapolating blindly (because extrapolation, in a world of change, has
no meaning) a thinking-type will endeavour to inject the widsom of the
past into the realism of the present, and perspective into the meaning

of the future : if he succeeds he will be at least one of the great



238.

proponents of ideas, no less valuable in the management of the present
than in the planning of the future.

Having thus defined more or less comprehensively these four
temporal dimensionsylet me now tell you briefly about two research
experiments on time measurements and change; experiments which, I think
I can say with justification, I have had both the honour and pleasure
of directing+. Various semantic differential (SD) measurements
(composite factor scores, individual and group polarity, cultural
intensity, familiarity, inter—concept distances, stereotypity) have
recently been used to assess changes in cognitive learning produced
by management development courses within the framework of the
International Research Project on Evaluation++. The same SD technique,
and some of the above-mentioned measurements, are currently being
employed in a socioeconomic study of the city of Palermo.

This well-known technique consists in having the individual
subjects rate a set of written concepts against a set of seven-point
intensity scales representing the three factors of Evaluation, Potency,
and Activity, in order to reveal the affective meaning of the chosen
concepts.

In the IRPE study a semantic differential form, composed of 29
management concepts (to plan, to coordinate, to organise, etc.) three
time concepts (the past, the present, the future), and 12 pan—cultural

scales (good-bad, big-~small, fast-slow, etc.), was applied to an

+ . .
At this point I should express grateful acknowledgement to the Ford
Foundation for the vital help it has given in this work.

++ . . . .
G. Morello : “"Time Orientation in Management Students : the European
Case". Management International Review, Vol. 16 (1976) pages 59-69
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Experimental Group of 338 trainees and a Control Group of 237 non-
trainees, before starting the courses (time Tl)' Experimental (GS)

and Control (GC) subjects were distributed among eight different
business schools conducting one-year courses in Italy, Belgium, France,
Spain, and the United Kingdom. The same form, properly translated in
each language/culture, was applied immediately after the training

(time T2) and again one year after training completion (Té).

Figure 1, which refers to the Italian training centre (ISIDA),
shows the results obtained by computing the distances between Past,
Present, and Future as perceived by GS and GC at T], TZ’ and T3+.

The greater equilaterality (expressed by the quasi equidistance
between the three time dimensions) shown by the Experimental Group at
T3 in comparison to its own configuration at T, and T,, as well as the
greater equilaterality shown by the same group with respect to the
Control Group, seems to indicate a shift - produced by the training
experience of the course - towards the "thinking type" described earlier.
Further diachronic interpretation of the same data suggests the hypothesis
that a switch from a casual thinking style to a more creative approach

has also taken place in the Experimental Group.

Using the geometric notion of points in space, the distance from one
concept to another is used as an index of similarity of affect. Thus,
the inter-concept distance is the linear distance between points in
space representing concepts i and 1; d., is the algebraic difference
between coordinates of i and 1 on a samé dimension j. Sum is over K
dimensions.,
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The Palermo study, based on a random sample of 619 subjects,
indicated that the city had a prevalence of present-oriented inhabitants.
One might have suspected this to be a typical trait of the subculture
of poverty in the region. However further analysis, based on individual
and group polarity scores,has shown a conflictuality, or cultural
instability, of all time dimensions as perceived by the citizens of
Palermo. We have interpreted this as a sign of change - an interpretation
which is consistent with, and supported by, other meaningful and
realiable indicators. We believe such a change is not a contingent and
superficial one; rather it may well be a structural, profound change,

as any change in time orientation probably is.

Professor Revelle

Our next speaker is Professor José Garcia Santesmases, of the
University of Madrid, who will talk about intercultural shock and

"future shock".

Professor Santesmases

Technological progress has for centuries been considered
inherent in and necessary for the evolution of humanity. Man's progress
was in fact identified with material progress; it was believed that we
would live better with greater scientific knowledge and more advanced
technology, and that these could produce only benefits. Thus we

entered into the scientific era.
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However, results have not been as expected. In the more indust-
rialised nations scepticism has eroded confidence in technological and
economic progress, enthusiasm has turned to disillusion, and doubts
regarding the benefits of progress based on technology (which in the
past were no more than the reaction of the conservative classes against
all change which might unbalance traditional values) have spread into
most sectors of society leading to vigorous questioning of, and even
opposition to, the continuing embrace of advancing technology.

Of course, scientific advances are not harmful as such, the harm
is in some of the consequences which can be derived from them. For
example, the proliferation of arms for mass—destruction,especially
nuclear weapons, represents without doubt a very dangerous application
of scientific progress. But even outside the field of armaments,
developments in electronics, genetics, computers, and many other‘
technologies are continuously creating practical problems and moral
dilemmas for society. Very important among these are the problems of
waste products and pollution, problems which are already very severe
and which will certainly increase in the future.

However, these dangers should not be exaggerated, as they tend
to be by some pessimistic ecologists. There is no doubt that technological
progress itself will yield procedures for avoiding or neutralising pollution.
As an example, in London the once famous "smog" has been eliminated by establishing
regulations governing the burning of fuels and dust filtering. Regarding
the problem of waste products, very substantial efforts are being devoted

to the treatment and safe disposal of the more noxious wastes and there
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is every reason for confidence that, in general, technology can and
will solve its own problems.

If we consider the combined effects of expanding world population
(now more than 4 thousand million) and per capita consumption of energy
and raw materials, it is obvious that they will produce a great impact
on the environment, for two reasons : on the one hand, due to the uses
we make of the resources which we extract from it (either energy or
materials); on the other hand, from the waste products produced by this
extraction, as well as the wastes and contamination from subsequent
processes. The sum of these demands (extraction and contamination)

are known as the ecological demand, which according to the United Nationms,

is currently increasing by 5% to 6% annually. It is evident that the
world's resources are limited and therefore cannot support indefinitely
an ecological demand which continues to expénd, as at present, quasi-
exponentially.

However, these are by no means the only effects of expanding
technology; we must also consider consequences such as adverse human
reactions to excessive stimulation, which might be called diseases of
change. There are in fact limits to the changes which the human
organism is capable of absorbing, and if we continuously accelerate
changes without first determining these limits, we risk passing beyond
what can be tolerated, and submerging ourselves in the peculiar estate
which has been called "future shock"'. This is a development of the

known relationships between changes in personal life and health : the

+ . . . .
The expression is due to the futurologist Alvin Toffler, whose book
"Future Shock" (Bantam Books Inc., USA, 1970) provides a full account
of the phenomenon.
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more agitated the rhythm of life, the higher the physiological price
to be paid.
In considering "future shock”, however, we should not only take
into account "personal” changes which affect life, such as the death
of a relative or friend, but also changes which affect society in
general, in other words changes in the environment. We are constantly
subjected to stimulations coming from sight, sound, touch, etc., and
these stimulations change. It has been shown that, if the enviromnment
is excessively charged with new stimulations, a state equivalent to
neurotic anxiety will be produced. Novelty produces an explosive
activity within the body, and especially upon the nervous system,
which is called the "orienting reflex', and when individuals are
repeatedly obliged to adapt themselves to new situations, an
adaptation reaction (also known as stress) appears. This adaptation
faculty has its limits - when they are exceeded, "future shock" appears.
There is no doubt that technological progress can produce this effect.
But if "future shock" is established as an effect of uncontrolled
technological advance, evidently closing the door to such advance in
future cannot be the remedy : it could niot be achieved even if it were
desired. The remedy must lie in the regulation of technological advance.
How can this technological control be carried out? Certainly
it should be related to the control of all processes of change, and
should be carried out taking into account all the groups included in
the social structure. These groups, even though they may be small, can
act as destabilising elements. The well-~known cybernetics expert
Ross Ashby has said : "when a system consists . of several sub-systems,

. + .
the least stable tends to dominate the rest" . For this reason the

+ . .
W. Ross Ashby : "An Introduction to Cybernetics'" (1956). Published in
many languages and many editions.



244,

minority groups, no matter how small, can have very important influence
in our technological society, and no such group can therefore be
overlooked, as any one can disrupt an entire system by strikes, sabotage,
etc. The present interdependence between different groups of our society,
coupled with the technical possibilities which our technological
civilisation places at the disposal of these minority groups, guarantee
for them their influence on society as a whole.

If we are todominate change, rather than be dominated by it
we must (according to Toffler) see with greater clarity our important
long-term objectives, and achieve greater democratisation in the way
we establish ourselves. This must be the basis of the next political
revolution in our technological society... an outstanding confirmation
of popular democracy. In view of the speed with which changes are now
taking place, we have little time to prepare. In view of the possibilities
becoming available to us (gene modifications, creation of new species,
population of the planets) we must assume conscious control of our own
evolution, We are at the crossroads of History, and we must dominate
the change process or perish. Because the underdeveloped countries
are further removed in industrial and social life from the new
technologies, the cultural shock of their (partial) adaptation may be
greater for them than for the more industrialised societies.

Scientific understanding and knowledge in general, are increasing
at an accelerated rate. Every day there are more scientists; scientific
advances take place in an inevitable and inexorable way which cannot

be foreseen in advance. Nevertheless the consequences, if they are
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dangerous or harmful to society, can be avoided if a suitable protective
and control system is set up inadvance, which is not always the case.

The former French President Georges Pompidou once said : "In
human society, as it has existed for thousands of yearé, a monster
has made its appearance; a monster called science. Whether we like it
or not, it is breaking up everything in its path. Science calls into
question moral concepts, social structures, beliefs. It is obvious
that its forward march camnnot be impeded, but it is certain that there
will be a lot of broken glass along the way. Some are endeavouring
to stick the pieces together - those are the comservative ones. I
think that it is not enough, and that what we need is to recreate
moral concepts - to recreate a social framework. The question goes
beyond the social order; it concerns also the individual - what he
thinks and believes within himself. I think that modern despair, which
is sometimes discussed, is an individual more than a social despair.”
With these words, Pompidou gave a magnificent description of the
dangers and difficulties which appear =< 4 result of scientific
development.

Governments do not always realise the consequences of scientific
progress and therefore they cannot establish a suitable policy for
introducing the corresponding changes without extremely brusque movements.
This lack of government capacity to foresee the consequences of science
should be compéhsated by those people who can observe its effects, and
who have a duty to define them. In other words, a duty to study not
only the advantages of new discoveries, but also their inconveniences

and possible harm to the society.
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Ideas for the Future World

In face of the problems of our technological civilisation there
are some (such as Robert Jungk+) who are seeking possible alternatives.
These are mostly based on the study and investigation of the "inner
world in man", which is still largely unexplored. Jungk has said that
there are as many discoveries to be made within the depths of man as there are
in the vastness of the skies. Apparently we are at present using only
about IOZ of our brain capacity, and we may reasonably ask what is
happening with the remaining 907.

In futurology, two main types of methodology tend to be uséd :
the technocratic and the humanistic. The first is based on extrapolations
of technological and economic advances; while the second is more
intuitive, deriving its basis from the evolution of human existence, man's
goals and desires and in general from man himself. According to Jungk
science is aggressive (technology is better defined by this term,
since science in itself cannot be harmful) and by trying to subject and
dominate nature it has brought harm to humanity : at present many
scientists seem to agree with this. Humanity will only find its way
by returning to man and his inner world, which possesses a great deal
of energy.

The importance of humanity is also recognised by the Club of
Rome, which (with some confusion) foresees that technology and politics
must go hand in hand if a better world is to be achieved for all
countries - not only for the more developed ones - essential if we are

to avoid the fatal consequences of excessive population and contamination

+ . . . . . .
Dr. Robert Jungk, Professor in Future Studies, Berlin Technical University.
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resulting from unchecked exponential expansion.

The Club of Rome has been criticised for not including socio-
political factors in its "scenarios'", and for not having consulted the
countries which are in the development stage. This criticism derives
from a growing conviction that progress depends on a combination of
three categories of variables : scientific knowledge, social action or
behaviour, and the conscious or inner life, all of which must advance
together if the "human adventure" is not to end in human disaster. At
present there is a lack of synchronisation in the growth of these three
factors : the same level of importance is not given to the third factor,
to the spiritual forces, as is given to the other two. There is an
imbalance against nature, which threatens to strangle this inner life
factor as a result of the uncontrolled growth of technology and of
social systems which, additionally, lack synchronisation among themselves.
As a step towards correcting this situation, it will probably be
essential to create institutions which favour the existence of a new
mentality, where the inner life forces will be equal in importance to
scientific and civic formation. In this regard, education programmes
should give greater attention to such important subjects as character
formation, practice of pure creativity, sensitivity for esthetics, and
an introduction to psychosomatics (immaterial connections which link
material, energy and life). In general, the development of cultural
and spiritual forces should receive much more attention.

I now come to the question of growth. There are many who believe

that, if society is to provide a more complete satisfaction to all its
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members, it willbe necessary to dimit expansion. This does not mean
that society should become stagnant, rather that there would be a
greater variety than with the present state of comparative uniformity
which has resulted from continued pursuit of technological efficiency.
Above all, a stable society would do away with the sword of Damocles which
is hanging over the heads of future generatioms, and there would be more
possibility of providing peace and a state of satisfaction which up
to now has been considered Utopian.

What is meant by a stable society? It should meet the following

conditions :
1. Minimum disturbance of the ecological processes.

2. Maximum conservation of raw materials and energy (economy of stocks

more than of supplies).
3. A population in which births and deaths are in balance.

4. A social system whereby the individual can enjoy the first three

conditions instead of feeling limited by them.

Our present society is conditioned by progress in science and
technology, amd such progress has resulted in the need for scientists
to form part of a universal community, in view of the interdependence
demanded in order to carry out their work. The physicists need the help
of the mathematicians and the biologists look for assistance from the

chemists. ' Science is becoming more and more interdisciplinary, the
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solitary genius is no longer a reality, the scientific community is a
fact.

In other fields this is less true, although technology has
indeed tended to unite different civilisations=- especially East and
West — to a certain extent. Progress in communications has made a
particularly important contribution in helping the great human family
to become better acquainted. Also, technology has entered our homes
in Europe, America, Africa and the Orient, so establishing common
if somewhat superficial bonds between the different peoples of the
earth. But this is not enough : differences in customs and ideals still
remain between the different countries, especially between the Oriental
civilisations and the Western world. Greater unification or at least
coordination on a worldwide level is both needed and possible.

I believe that a closer approach between the East and the West
is one of the most important tasks of the future. If‘we want to establish
a strategic planto avoid the disasters which,as indicated above, could
result from technological progress, we must achieve a better degree of
understanding in very many fields; even (and perhaps especially) those
concerned with moral and ethical concepts. This is not incompatible
with the éxistence of different religious beliefs or ideologies. On
the contrary, I believe that in order to carry out efficiently the
common task of meeting the difficulties which are approaching, close
contact and collaboration between all civilisations, and particularly

those of the Orient and the West, must be very beneficial.
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Professor Revelle

We now turn to Professor Toshire Terano, Professor of Systems
Science at the tokyo Institute of Technology, who will talk to us about

the uses of fuzzy language in communications.

Professor Terano

Most of the papers in this session have referred to the different
attitudes to and ways of thinking in the West and the East, and the
papers have seemed to me quite philosophical and quite abstract. Now,
although I‘come from the Orient, my paper is quite concrete. I think
there are two reasons : firstly, because I am an engineer, so that I
am always seeking a concrete solution; and secondly, because my work
requires me to be constantly trying to connect the Oriental idea with
Western methodology, which is a very real problem.

Now if advancing technology helps me with my engineering, it is
by no means sure that it gives me equal help in the East-West dialogue.
And this is due, I believe, to another evolutionary fact - namely that
the speeds of advance of technology and spiritual culture are not the
same, and the difference between them is increasing every year. So we
must find a new methodology to help us decrease this distance. And
clearly this must be dependent on improving our ways of communication between
one another.

Now I think that one of the most remarkable distinctions between
the East and the West is that when Oriental people face unavoidable

troubles, they do not usually oppose them, nor try to overcome them
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physically, but instead they try to treat them as personal problems

of psychology. This means that any kind of trouble can be resolved

by a change in mental attitude, and in Japan, for example "cultivated”
persons are the persons with .a good control of their own minds. Western
people, on the contrary, cannot accept irrationality and always make
efforts to eliminate their troubles by physically changing the environment.
This is why Western culture today bears so many of the fruits of science
and modern society.

I would like to look a little more closely into the differences
between these two approaches - the Western and Fastern approaches. The
Oriental one is very spiritual and personal, individual-oriented,
subjective, conceptual and philosophical; also suggestive, emotional,
contemplative, and in the context of what I shall be saying later,

"fuzzy". Western methodology, by contrast, is quite physical, society-

or system-oriented, objective, practical, scientific and logical, rational,
quantitative and definite. And these differences are reflected in

Western and Eastern languages, the one being extremely logical,objective
and precise (no "fuzziness"), the other being in many ways the opposite.

Professor Simon, in his paper yesterday, classified languages
into three classes. I, in a rather less sophisticated approach, have
only two : natural languages and artificical languages. The latter include
symbolic mathematical and logical languages, as well as those devevloped
for computer use. They all have words and grammars which are strictly
defined, leaving no discretion for either sender or receiver of information.

Thus, necessary and sufficient information is communicated, with the
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exactness and objectivity necessary for .scientific progress through
the step-by-step accumulation of knowledge. Science owes its rapid
progress to this kind of communication technique... but it is a very
"dry" technique.

On the other hand natural language, which we use in our daily
lives, has another feature, in that it can convey very high-level
information (emotional, philosophical, suggestive, religious) in spite
of the fact that it is more qualitative, vague, redundant, and incorrect
than artificial language. If sender and receiver are both clever and
well "in tune” with each other, the receiver not only understands
exactly the ideas of the sender, but he can also sometimes gain much
more than whatig contained in the message, because his imagination is
stimulated. On the other hand, of course, there is a possibility of
dgformation or loss of message when the combination of sender and
receiver is not adequate.

Comparing such human behaviour with that of a communications
system, there is a remarkable difference between them. The human acts
simultaneously in two different ways : firstly, by a filtering action
whcih eliminates noises, mistakes and redundant parts in a message;
secondly, by an amplifying action which emphasisea the interesting or
important points. The latter function has a very important role in the
progress of culture. The filtering is a passive action which is
realised partly by the communications machines in use, but the amplification
here is a kind of creative function which is very difficult (perhaps

impossible) to obtain from a machine.
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The above-mentioned actions result from the wonderful abilities
of the human mind ‘suchas learning, intuition, imagination, the sixth
sense and synthesis. These abilities are usually triggered by the
“fuzziness" of natural language : the greater the fréedom of interpretation
of a message, the more actively the human mind behaves. Fuzziness in
language is therefore important in consent-searching processes
(negotiations) : if two persons whose positions are opposite discuss
only the points of disagreement, the possibility of concurrence'is very
small, so that successful negotiation must start from "fuzzy" common
territory which the negotiators try to make wider and clearer. In this
sense, -fuzziness is indispensable for negotiation.

These processes are easily explained by the "fuzzy set" theory
developed by L.A. zadeh. A "fuzzy set" is a set whose boundary is
vague : for example, "young men" may be considered mathematically as
a set but with a boundary that cannot be precisely defined, therefore
it is a fuzzy set in which the membership function is determined by age.
In a negotiation process, we can consider the opinions of the concerned

~ :

people as fuzzy sets A, B, the most simple model of comsent being the
operator of intersection of fuzzy setsfszg. We easily see that
consensus possibility will increase with increasing fuzziness. Going
a step further we may adopt "fuzzy composition” as a model of human
communication, because it represents both the expression and the under-—
standing of information. Fuzzy composition is represented as :

'Y

~
o R B

+
L.A. Zadeh : "Fuzzy Sets" Information and Control, Volume 8, pp. 338-353
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~ ~ ~ . N
where A and B are fuzzy sets and R denotes a fuzzy relation defined
as a fuzzy subset of which elements are ordered pakrs (x, y), (x€X, y€Y).
The operator of composition is the symbol o.
. -~ r~
This equation is interpreted as follows. Given A and R, the
. ~ ~ .
achievement of B expresses the process of speech, where A is the
o~
fuzzy idea of speaker (information sender), R is natural language,
o~
and B is the fuzzy expression. This operation is always possible, but
if the idea is poor and the speaker is not good at language, the
resultant expression is very fuzzy.

The inverse operation of that expression, which gives'X in

i ~ . . ~ .
terms of B and R, is a modgl of understanding, where B is the message

-~
given to the receiver and R the predetermined rules of interpretation.
o~
The problem is how to estimate the real intention A of the information
sender.

The function of the guess or imagination of a persom is simulated
by this model. However, the solution of the inverse operation does not
always exist. It is easily verified that the possibility of getting
solutions is small when A, R, B are ordinary sets, but if we "fuzzify"
them the possibility is increased. Furthermore, it is much improved
when R is fuzzified again. This is called a "type 2 fuzzy set", in

~
which the membership functions of R are fuzzy sets themselves. The
above illustrates the importance of fuzziness in language to. enable
a solution to be achieved.
. . . +
This type of wodel can be developed as a fault-diagnosis system

to find the causes of troubles in "cooperation”between plants and human

* Y. Tsukamoto and T. Terano : "Failure Diagnosis by Using Fuzzy Logic".
IEEE Conference on Decision and Control, New Orleans, 1977.
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operators. In such a system, the operator feeds into a computer sensory

signals representing plant-state, even if the signals are very fuzzy.

The computer then diagnoses the causes of the symptoms and answers

. . . . ~ . -~

linguistically, "the cause is perhaps Aj"’ "it must be caused by Aj' or

"it cannot be distinguished”. Even the case when the receiver (observer)

overlooks some symptoms, the computer can answer in the form' “the cause
~ ~ L 1 }

may be Aj but please check symptom Bi again'.

We may conclude that, in any process of negotiation, one of the
most important contributions can come from the fuzziness of the language
used, the effective lubricant which makes the negotiation smooth.  If
there is no fuzziness, communication must be "dried up" and unfruitful,

and the negotiation abortive.

Professor Revelle

To conclude this session of our Symposium we shall now hear
from Professor Alwyn Scott of the University of Wisconsin, who has

an intriguing title, "Should the Head or Heart be at the Helm?"

Professor Scott

The advantage or disadvantage, depending on how you look at
it, of being at the end of the programme like this, is that almost
anything I could possibly have thought of saying has already been said,
so I shall confine myself to a few observations on what has gone before.
Those who may be seeking a more formal presentation of the subject which

Professor Revelle just announced will, I hope, find satisfaction in my
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printed text which has been circulated by the Secretariat.

I would first like to comment on Professor Simon's remarks
concerning the difficulties faced by people doing tedious and complex
(even if not inherently difficult) calculations. I ém sure that
Professor Simon's "wall of complexity" is a very real obstacle, to be
taken very seriously by those who propose to use the traditional
scientific methods of reductive, rational, quantitative analysis, in such com—
plex fields as psychology, sociology or economics. There are, in fact,
important and more or less clear limits to the extent to which one
can push the rational approach to problems, though I should emphasise that
these limits - at least as I see them - are entirely within the
framework of naturalism. It is most important to differentiate between
naturalism, which essentially confines itself to a rejection of supermatural
effects, and rationalism, which seems to me to be rejection of everything
mysterious. The two are very different.

In carrying out rational analysis as part of some kind of
predictive programme on a complex system there seem to be two basic
sorts of difficulties to overcome. The first is a kind of indeterminacy
which can arise, for example,from insufficiently precise or ambiguous
linguistic definition (which, as we saw earlier, may be an intended and
necessary part of the language). .To proceed entirely logically in such
a situation may well be dangerous and certainly one can envisage cases
where to proceed logically at a certain level would be demonstrably
incorrect.

The second basic type of difficulty is a cognitive problem



257.

associated with indeterminacy. By that, I mean that when a dynamic
system becomes complicated enough to "understand” the basis of its
behaviour, and so make predictions about that behaviour, the predictions
themselves become part of the initial conditions. As a simple example
of this suppose a behavioural psychologist decides to predict my actions
under certain conditions at a certain time, and suppose that I learn of
his prediction ; then I can very well choose to do something different
at that time, just because it might amuse me to prove the psychologist's
prediction wrong.

A less trivial example concerns predictions of social catastrophe
that are made from time to time. Some of these predictions are doubtless
well-founded, and are taken into account by society which then institutes
measures to avoid the catastrophe. As a result the predictions are
rendered invalid by virtue of the very fact that they had been well
made.

A different type of result is frequently found in developmental
psychology where predictions, for example, that particular young
people are going to do particularly well in certain situations, or that
others will do badly or become juvenile delinquents, can beceme self-
fulfilling prophecies; that is to say the prediction acts as a positive
agent towards its realisation.

Then finally, the complexity of a problem may itself contribute
to indeterminacy. This is what happens when, in collecting the initial
data necessary to make a prediction on the future of some particularly

complicated system, the dynamics of the system are so disturbed by the
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data-collecting process thét the resulting prediction is invalid. This
point was emphasised by Niels Bohr' when he was asked about the
possibility of predicting human actions by analysing the mental systems
(the brains) concerned. Bohr pointed out that to put enough eletrodes
into a human brain to measure the state of all the neurons at some
particular time, in order to predict its dynamics some ten or fifteen
seconds into the future, would be such a violation of the brain that
it would very likely kill it, making the only possible prediction both
trivial and useless.

A particular example of the effects of observation or measure-
ment on a dynamic system is the inter-relationship between news and
the television camera, where essentially what appears is a media event :
one cannot. say that the television camera is simply observing what is
happening, for what is happening is to some extent (sometimes to a very
important extent) conditioned by the very presence of the camera' .

Another aspect of complexity, perhaps less "intellectual" but
nonetheless very "real", is the difficulty it can contribute to
carrying out calculations, which is what Professor Simon meant by his
"wall of complexity". Much of this complexity is simply due to the number
of calculational operations asked for sometimes being very large indeed,
leading to such descriptions as "large sets", "infinite sets", etc.
The trutl of course is that one does not have to go to infinite sets in

order to get sets that are inconveniently large. Furthermore, . such

Bohr, Niels Henrik David (1885-1962) Danish physicist (Nobel Prize 1922).
Responsible for much of modern understanding of atomic structure. Bohr's
Principle of Complementarity is intimately related to the Uncertainty
Principle of Heisenberg (see footnote on page 51 of Chapter I)

++ . . . s . .
Of course, this type of indeterminism is fundamentally different from

the indeterminism which arises in the theory of atomic particles, although
very like it in nature.
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inconveniently large sets, involving what have been called immense (though
not infinite) numbers+, can be easily and frequently found in studying
situations which at first sight appear very simple. As an example, we may
think about a kind of neural system in which n modal neuronms can be
put together in a little machine, and we may suppose that each one of
these modal neurons can compute an arbitrary Boolean function of the
states of all the other neurons. If we then ask how many of these
machines can be constructed, we can find fairly easily that the number
n\2»
is Cz') ©, If n is one, if we have just one bf these neurons, we
can construct four machines, but if n equals 2, the number immediately
jumps to 256.. For n equal to 3 the number is quite enormous (over
130 million) and it is interesting to ask how large n should be in order
that this become an immense number : the answer is 6. If six of these
modal neurons are each allowed to compute an arbitrary Boolean function
of each of the other neurons, it turns out that an immense number of
states can be comstructed. This is the kind of "wall of complexity"
that Professor Simon was talking about, and even fairly simple dynamic
situations can lead us into this kind of picture where it is so tedious
and inconvenient to write down all the possibilities that we may call
it impossible. I believe problems of this sort are quite serious, and
that physical scientists and mathematicians should be giving them more
attention. By and large we have not been doing this with some notable
exceptions (Niels Bohr was perhaps one of the most notable exceptions).

But in general, I think, we have been allowing people in the social

* of the order of 10120, arrived at (arbitrarily) by multiplying the
estimated number of protons in the universe by the number of micro-
seconds in the age of the universe.
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and biological sciences to proceed in imitation of classical science,
with very little criticism. Why? I think at least part of the answer
is that, to use Professor Simon's phrase, we physical scientists have
been "éating the white bread first" and registering some important
achievements, and this has led to science and scientists as a whole
gaining a rather respectable position in society. In fact, society
itself has been rather ready to cast all scientists in a somewhat
priestly role, and perhaps none of us is all that hasty to deny it. But
I am sure it is very important, and particularly in connection with the
kinds of questions being asked at conferences like this Symbosium,
that we keep our feet on the ground, and know where we stand, And the
most important is that we know essentially what it is that we cannot
know. It seems to me that we should know, and be ablg to distinguish,
the kinds of systems and problems we should be able to analyse and
solve with rational techniques; and the kinds we should be attacking
more by intuition, recognising that rational techniques alone will be
insufficient.

I should like to end with a quotation from Norbertvwiener+,
that I heard more thap a generatioﬁ ago as a student in an engineering
college. Wiener was speaking of the growth of the computer and of
his concern over thé possible effecté of computer technology on society.
This was, I might remark, the same year that the transistor was announced
by Bell Laboratories. At the end of his talk Norbert Wiener, in a sort
of a paraphrase of Plato, said something which I am sure everyone who
was present will always remember. He said that, if our world was to

survive, either engineers must become poets or poets must become engineers.

* Wiener, Norbert (1894-1964). American mathematician - the "father" of
cybernetics.
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DISCUSSION

Professor Marshak

My first comment, and one which by now will surprise no-omne in
our meeting, is that I believe strongly in rationalism. I might add,
since we have been hearing of Niels Bohr, that I am convinced he also
believed in rationalism. When in his later years he worked on human
systems, social systems, I believe he was trying to show that the
uncertainty principle in physics could be extended to such systems,
enabling interactions with observers to be accounted for in a mathematically
rigorous way. Just a probability theory, but that can be made mathematically
rigoroué and rationalistic, so leading to definite predictions. And
just in passing, I think the complexity problems referred to by
Professor Scott are at least partly due to combining great complexity
with feedback. This makes it specially necessary to be aware of the
limitations of your methods, and to try to develop new ratiomalistic
methods to overcome the limitations, rather than jumping off the wagon
and so (probably) increasing the credibility gap for scientific method.
It's already bad enough that such a credibility gap should have developed,
but at this stage let us not invite further trouble by saying the problems
ahead are too complicated for us.

To talk about intuition replacing rationalism, when we know that
intuition partakes in any scientific creation, is I think getting scared
too early. In physics when we have very complex systems, as we do for

example in nuclear matters, we develop what seem to be appropriate models
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and see whether they work... and we do in fact have ways of ‘dealing
with interactions between the models and ourselves, or between ourselves
and the "real" nature. Certainly this can be very difficult, and I
was hoping that some of the advances of the computer scientists might
help us refine our methods and perhaps find some new approaches. Some
of the suggestions of Professor Terano might help here.

But I would really like to get back to a more basic question.

The sub-title of this session was Intercultural Shock, and Professor

Nevitt tried to put this in a framework of acoustic space and visual
space, television being an example of acoustic space and the cinema
an example of visual space. I wonder if perhaps there is an
explanation in this framework of the difficulties that we are having
with the young people, and I have two questions on this. First, I
would like to ask Professor Nevitt whether he was - as I believe

he was - implying that the lowering of reading skills in young people,
in the countries where TV is so popular, is due to the fact that
acoustic space is replacing visual space in these countries.

My second question concerns differences between Eastern and
Western approaches, which Professor Nevitt described and from which
he drew certain conclusions. What I do not quite understand is how
these conclusions can be reconciled with the results of a study, made
some years ago by a leading Swedish educator, of the mathematical
performance of thirteen-year olds from all over the world, in which
the Eastern peoples (Chinese and Japanese) came out way on top

and the Western groups came down below. It would seem to me that this
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superiority of "acoustic'-trained people in a '"visual" framework

is incompatible with Professor Nevitt's thesis.

Professor Nevitt

As to the first question, Professor Marshak's interpretation
is indeed my own. What I was saying was that the creation - not only
by TV but by all the electronic media - of a new enviromment which is
simultaneous and indivisible is having these deleterious effects on
sequential intellectual processes in our children.

There are in fact two effects. If a child starts very young to
be exposed to TV, then it might never learn to read or write at all,
and this for a simple mechanical reason. We have found, by taking
photographs of young students learning to read and write, that they
often have their noses only a few inches from the paper, a distance
to which they simply cannot focus their two eyes : therefore they
are using only one eye and they are, so to speak, tryiné to write
with the end of their noses. And it is impossible, so they never
learn to read and write... at least, not in the sense that we did
when we went to school. However, this is more true for the boys than
for the girls : many girls do learn to read and write, because they
are more skilful in doing fine work with their hands which gives their
"single" eyes far better motor response than the boys who play baseball
and football and so on, for which fine detail at. close distances is
not needed. And so we get youngsters who go to high school without

being able to read, and we have lots of people coming to the university
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who have read very little because they have found the physical process
too difficult.

But thepe can also be a "reverse effect", in that people like
ourselves who have been processed in the old nineteenth—century
environment, learning to read and write so that we can think "straight
down the line in funnelled vision and delight in our technology", can
benefit from a dose of television or, if you like, from the acquisition
of greater ability in "acoustic ‘space".

I should perhaps mention here that one of the remedies for
children who have been exposed to too much television and cannot
learn to read or write with a phonetic script, is to teach them to
learn to read and write with a Chinese~type script used for English.
This is being done in Haarlem (New York) and is proving very successful.
Another successful method is for the children to learn speed-reading
before they learn to read sequentially : in this the children can
usually overtake their teachers very rapidly, clearly because they find
it easy to see "everything all at once" instead of sequentially and
logically.

Professor Marshak's second question was about the incongruity
of the Eastern peoples, audile-tactile rather than wvisual peoples
showing remarkable genius in the basically sequential logic of
mathematics.

But in fact much of mathematics - notably all that part dealing
with counting - is a tactile experience, and there is ample evidence

that deeper mathematical ability is not necessarily related to reading
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aﬁility in the Western Sense. For example people with very low IQ
(which is no more than a test of reading ability) have been known

to show mathematical genius, and there were many cases in the
nineteenth century of great calculating geniuses who could take a
dozen numbers and multiply and divide them but who could neither read
nor write. Of course this had to do with numbers only, and clearly
the faculty of dealing with numbers does not necessarily extend into

abstract mathematics : more probably it requires another kind of

genius for this and - to come back to the Swedish study mentioned by
Professor Marshak - it seems in fact that Chinese and Japanese students
are better at this than Western students. But I would like to ask,
what kind of Western students? Were they mainly PhDs, or were they
youngsters who had been exposed to television? This would be my
essential question, because it is a matter of sensory training - not

concepts, but percepts.

Professor Scott

"chickening out" on

I wanted to reply to the comment about
rational calculations. It seems to me that we have at present a rather
unhappy situation in the general field of psychology, where there is
an ugly form of war going on between the behavioural psychologists on
one side (who want to treat the human personality as some kind of

statistical entity) and psychiatry on the other side. It seems to

me that the behaviourists are currently getting the better of the game,
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but I think the real question should not be looked at in this form :
surely it is rather a matter of which technique is correct for each

articular approach, not of "chickening out" at all.
p g

Professor Apostel

Professor Scott, in his earlier remarks, rightly pointed out that
there are self-defeating and self-fulfilling prophecies. Now, are
there also cases when a system is retrodicting (not only predicting,
but also retrodicting its own past) when this retrodiction can influence
its predictions? Again, and in a similar vein, can the predictions
influence the retrodictions? And then, if the system becomes aware
of a possible influence of its retrodictions on its ppedictions and of
its predictions on its retrodictions, is there a second-level effect
whereby this "becoming aware' can itself influence the predictions of
the system. These questions were really the basis of my own remarks
in the first session of our Symposium and I was glad to hear Professor
Scott putting so simply what I tried to say with so many words.

I have a second romment for Dr. Scott. When he spoke about
rational and irrational methods, I was much interested by Norbert Wiener's
poet becoming an engineer and the engineer becoming a poet, and
I wonder if this is not a way of calling for systems with parallel inputs...
parallel inputs capable of global pattern recognition. If so, is not

this a call for "irrational™ methods?
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Professor Scott

Concerning Professor Apostel's first remarks, I do not consider
myself very knowledgeable about what can happen in those kinds of
situation. I am reminded of the "multiple bluffing" that we read
about in spy stories, where Country A deliberately "loses" some
incorrect secrets to Country B, and Country B then has to guess what
was incorrect and react as if it had not so guessed... and so on.
This leads to a kind of oscillating situation which may either die out
or be continued by further stimulation. I can well envisage, in a
mechanical sense, building a series of cognitive systems in such a
way that one could learn about the predictions of another one and
decide in consequence to change its behaviour; then the first ome,
learning about the new behaviour of the second, could also change...
and similar interdependent changes could take place in other inter-
connected systems. I suppose one could imagine this in human situations
too.

As to Professor Apostel's second comment, I cannot say precisely
what Norbert Wiener meant by his remark about engineers and poets...
or whether there was a suggestion that in some kinds of situation it
might be better to proceed intuitively rather than rationally. One
thing that we might perhaps note is the suggestion of Freud that
every person should be treated strictly as an individual when dealing
with mental behaviour. Although personally I have certain reservations
about some aspects of the Freudian approach, I think the idea is right,

and in this sense I also think intuition may well be more useful than pure
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rationality. In a different field, what seems to me a good example

of the value of intuition compared with rational evaluation was to

be found a few years back when my country was engaged in an aggressive
operation with another small country in which our vast computer power
and rational evaluations fully supported the correctness of what was
going on, while a substantial part of the people in the countries
concerned felt intuitively - simply by consulting the feelings in-the
pits of their stomachs - that it was wrong. So I certainly agree that
there are times when we ought to look to the will and intuition of
the general public... or if you prefer it, to ask the poets what they

feel.

Professor Caianiello

I cannot resist making a few remarks, for the field we are dis~-
cussing is one in which I have been working in various ways, along the
lines of Professor Scott, of Professor Terano with the "fuzzy sets” and
also, if I may say so, in the field of mathematical linguistics.
However, I have done these things and I try to keep doing them, with
the techniques I learned from Italian and French mathematics, and in
physics from Professor Marshak.

Now, I believe that our discussion so far has amply shown the
need for more discussion; but I also believe there are some points which,
rather than being discussion subjects, may be better brought into focus
by using - perhaps in the Eastern way - some pictorial pattern. This

is what I shall try to do with the following story, told to me some
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two years ago by an American teacher who had dedicated his life to the
education and integration of the American Indians in American culture,
(which I shall not attempt to define here). This teacher told me of
an occasion when a perfectly bilingual American Indian (by the way,

a very rare type of person) who was nearing graduation in High School,
was asked, in English : "What is a rock?" His answer was immediate :
a concise and precise technical description of rock as a geological
formation, exactly what would have been expected from a Grade A student
of white extraction, if I may use that expression. Then he was asked
exactly the same question in his own (Dakota) language. The answer
was : The rock is a powerful spirit, more powerful than the spirit of
the waters, more powerful than the spirit of the trees, to be honoured
and revered.

Now I am sure you will all wish to draw your own conclusions
from this story. I would simply like to remind you that we Western
scientists have chosen to pursue our science by taking the way of
Galileo, and although this has given us the progress and understanding
we sought, it has not been demonstrated as the only way that could do
this. I sometimes wonder if we are not perhaps too proud of ourselves
and our methods, and blind to the fact that there may be - indeed
there certainly are - other possible ways and methods which would not

necessarily contradict, unless we wanted it to be so, our Western thought.

Professor Caglioti

I would like to'come back to the remark by Norbert Wiemer about

engineers and poets, as quoted by Professor Scott. It seems to me that
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Wiener was right : engineers must become poets and the poets must

become engineers. 1In other words there is no justification for

separating the two cultures, and our problem is rather to bring them
together to merge into one another. For me, this seems to be a problem

of language, of introducing ambiguity and "fuzziness", perhaps in ways similar
to what I described in my paper in the previous Session. I am not a mathe-
watical linguist, but it seems to me that a comparative study of the Oriental
languages and the Western languages, from the point of view of redundance
and variety, should be interesting and worth-while. Moreover, since
language is a structure for the communication of information, which is

also the description of the gemetic code, perhaps it could be interesting

to explore the similarities and differences in these two structures...

and this both for artistic (ambigous) languages and for scientific

(definite) languages.

Professor Linstone

I am afraid I must, with all due respect, take issue with
Professor Terano. For me, the idea of separating the holistic from
the analytic, or the subjective from the objective, seems both rational
and mentally satisfying. But I think we shall get into trouble if we
start to call the one Oriental and the other Western, or the one fuzzy
and the other definite. This seems to me rather typical of the
engineering approach : the "fuzzy" - and I am talking now about
Dr. Zadeh's fuzzy set theory - is to me an engineer's attempt (and a

very admirable attempt) to force something which is basically qualitative
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into a quantitative framework... to enable it to be put into a
computer. I cannot take the phrase young man, for example, and do-
much with it in a computer, so I have to find a way to give it a
numerical value - I need a probability curve and then I can put it in.
That to me, is exactly what analytic work tries to do. The process
reminds me of what might be called the textbook definition of a
system, namely a set of elements with relations among the elements.
To me that is not a holistic view of a system at all, because a
holistic view would not divide it into elements in the first place.
So I think - I am afraid - there is some confusion here, and a risk
of even greater confusion developing, especially when I hear - as

I think I heard - somone saying that communication between a computer
and a human mind {8 not very different from communication between man

and man.

Professor Nevitt

Listening to this discussion I would like to make just one
comment, namely that we are in fact discussing logical maturity, which
is the ideal of the Western world and especially of educated people,
and human maturity, which is the ability to retain and savour paradox,

because that is living.

Professor Marshak

The sub-title of our Symposium refers to the humane use of

human ideas, and while this calls for willingness to examine all new
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ideas with understanding and sympathy, I would ask all my colleagues
to keep in mind the several centuries of success which have already
resulted from the rationalistic approach of precise, analytical science.
I believe it could be sad, and even disastrous, if someone asked a
question about the effect of a nuclear reactor and the only answer
available was a "fuzzy" one.

I think in fact that we have to be very careful not to so
confuse the human situation that the result of our discussions will
take us backward. We have to keep in mind that although the methods
of the natural sciences may need some modification (as has been the
case throughout their evolution) and perhaps our information scientists,
our computer specialists and some others will help with that, it will
always be extremely important to maintain the rationalistic character
of the science and technology which, consistently through the ages

has provided us with the answers we sought.

Professor Terano

In my opinion information itself is not uniquely objective,
since it must always produce subjective effects in the "receiver". When
I was a student I had a very famous professor who spoke rather softly,
so that when teaching large groups of students not everyone could hear
all he said. But I found this did not prevent me from understanding
him. From what I did manage to hear my mind was able to generate
further information. I believe a similar process can take élace'as part

of a "dialogue" between man and machine.
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Professor Revelle

Let me close this session with a couple of aphorisms. The great
philosopher Santayana+ said that those who do not study history are
condemned. to repeat it, and this is just as true in science as in
anything else. We have been talking a great deal about the "wall of
complexity” as something new. But Galileo understood this perfectly;
he understood that any attempt to describe a tree scientifically and
completely would result in a book much bigger than the tree - a book
requiring for its preparation and publication more paper than could
be made from all the wood in the tree. So Galileo abstracted, and
that is the essence of science : to abstract, to make complicated
things simple so that you can in fact do something with them pragmatically...
not in terms of making a technical development, but in terms of under-
standing.

When we talk about intuition as-a mode of discovering the truth,
Isaac Newton understood this perfectly well : when he saw the apple
fall, he immediately guessed that this was probably due to the same
force that held the moon in its orbit. So one of the tools of science
is intuition, but it must be backed up by rationality, and I think
that the most important thing here we have to get over is our hubris -
the idea that if we cannot understand everything we cannot understand
anything. The fact is we continually understand more and more, but
we continually find more and more evidence that there may be an infinite

number of things in the universe to understand.

+ George Santayana (1863 - 1952) American philosopher, born in Madrid,
who adapted the theses of Aristotle to modern mechanistic materialism.
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My second aphorism comes from the great British philosopher
A. N. Whitehead' who said that the universe is not only strange, but
stranger than we can imagine. And we are constantly finding out the
strange things in the universe which are stranger than we can imagine.
The work that Hawking++ has done on '"black holes', for example, is
absolutely incredible : in order to understand these phenomena he
has achieved a new level of synthesis, of quantum fjeld theory, of
special relativity in thermodynamics. This is an amazing feat of the
human mind, but Hawking would be the last to claim even a beginning
of understanding how strange and how wonderful and incredible the
universe is.

One further thing I want to do here is to remind our
mathematicians (for I have the impression they sometimes forget) that
science progresses not by just thinking about the universe or the
world, but by both thinking and experimenting, by constantly testing
thoughts and hypotheses against reality as revealed by experiment and
observation, which are fundamental stones of science.

Let me end with a short quotation from my own paper, prepared
for this Symposium and circulated separately by the Secretariat.
"There are many ways of seeking the truth, onlyone of which is the
rational method of science. But it is a unique method in its continuity,
its capacity to build upon past discoveries and to erect an ever—growing
structure of understanding, from which, as Aristotle said, "there

arises a certain grandeur"”.

* Alfred N. Whitehead (1861-1947). British mathematician, logician
and philosopher, who collaborated with Bertrand Russell in writing
the Principia Mathematica.

++

See, for example, S.W. Hawking. "Gravitatiomally Collapsed Objects of
Very Low Mass". Mon. notes of the Royal Astronomical Society, volume
152, page 75 (1971).
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CHAPTER V

Fifth Working Session : Global Planning

Under the chairmanship of Professor Zvonimir Damjanovié,
Director of the Centre for Multi-disciplinary Studies at Belgrade,
Yugoslavia, the fifth Working Session of the Rome Symposium was devoﬁed
to a combined oriental/occidental approach to the problems of forward
planning in a world where the technologies of electronic computing,
colour television, supersonic travel and space exploration exist
alongside the ancient customs of some countries where superstition and
magic still rule much of society... and where much of that society
survives only in constant struggle against starvation and poverty.

000000000

Professor Damjanovil

Dear Colleagues. The very title of this Session of our
Symposium : "Hypothesis of an Approach to Glsbal Planning, Stemming
from Eastern and Western Thought Alike" - embraces several exciting
examplés of optimistic beliefs, or at least hopes. First, there is
confidence that scientific methodology is adequately developed and
applicable to the deep analysis of social situations and the solution
of social problems... meaning, in Western terms, scientific rationalism
which in fact, as we are aware, has its limitations (I would particularly
stress the limitations of reductionism as a valid technique). Then,

and perhaps closer to our theme today, much hope is placed in the
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application to society of ecological methodology, precisely in the
spriit of reducing social phenomena to animal phenomena. In additionm,
there is at work a powerful urge to stretch social sciences and their
methodology over the whole space and content of life : in the termi-
nology adopted here I would say the objectives are very Eastern and the
mistakes very Western.

Now if we want to maintain confidence in science and scientific
methodology, and so achieve something of practical value, T think
we shall have to drop reductionism and try to develop scientific
methodology at higher organisational levels. Even then we should bear
in mind that, probably, the totality of human affairs will never be
matched by "compact" science; there will always be a need for multi-
disciplinary research.

I think most of us also tacitly believe in the all-embracing
character of science - in its cosmopolitan spirit and form and its
ability to go hybridising with different types of life philosophy and
cultures, or at very least to co-exist peacefully with them. This is
probably largely true though we should remember that, in contrast to
most of science, the so-called global society is highly heterogeneous
and pluralistic. More than this, national emancipation seems at the
present time to represent the very mechanism of human liberation, culture
to be constituted from multiple national cultures,and the problems of
hybridising to be manifold. On the other hand, no nation can live today
without science and technology, for therg can be no culture, however

local in form, without heavy involvement with science and scientific
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methodology. So all human culturé is necessarily hybrid comprising
both local and cosmopolitan elements. Science is a mighty binding

force of cultures, nations, and different human activities; and -there
are international programmes and other activities which can be viewed

as models (sometimes modules also) for global developments in due course,
developments in which we might attempt the "genetic engineering” of
putting together science and social action.

In fact, the life of our world is distributed, not only in
the sense of political pluralism, but also in the sense of diversity
of international projects that are possible, without waiting for a
general sort of cosmopolitism to develop. I believe such projects may
be, and should be, promoted with a clear view of not being part of ény
centralistic scheme.  The growth of the scientific element in culture,
and the multiplication of successful common ventures in modular form
might be our best contribution to mankind.

Going back to the title of this Session, we may perhaps wonder
whether the Global Planning envisaged is to meet a clearly defined
existing social demand, or whether it is to lead us to a new Utopia.
This is a question on which I believe Professor Sidney Michaelson,
Head of the Department of Computer Science at Edinburgh University,

Scotland, is now going to give us some rather forthright advice.

Professor Michaelson

I had originally intended to defend technology in the second

session of our meeting, where it was supposed to be matched against
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welfare. However that fight was called off, and I find myself promoted
to talk about Global Planning instead. Now I am no planner. By trade
I am a mathematician, and practically all the thirty years or so of my
working life have been spent in designing, building and using computing
systems. But I have used computers in a wide variety of contexts, and
over the last ten or fifteen years a good deal of my work has been with
people in the humanities, so that my limited experience has in fact
been spread - if rather thinly - over a number of fields relevant to
what we are now discussing.

I want to talk, in the next twenty minutes.or so, about

what we are trying to do, because it seems to me that we have so far

spent a lot of time in the sort of general discussion that is a
necessary preliminary to thinking about the problems we should be
thinking about; the sort of discussion that clears the mind of preconceptions
and leaves it ready for fresh work.

Now for my first bombshell. Although we have been concentrating
very much on the technological aspects of our world, it seems to me
that our real problems are not technological. In my opinion, they do not
really have anything to do with nuclear technology, with socidlogy as
we know it, with economics, with computers, with privacy, with energy,
or with any of the topics which are currently fashionable among the
older generation, that is ourselves. I think our real problems are
those of what is going to happen to our children, and to our grand—
children. And to consider those problems more seriously, I think we

have to try and listen rather more to what our youngsters are saying
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to us.

It so happens that I have quite a lot of contact‘with young
people, apart from having - as so many of you do - children of my own
of various ages andAat various stages of dropping out from society.

I also have quite a lot of contact with students in the University and
students in other places in Britain. It is true that this automatically
makes my contacts rather selective, but nontheless I-beleive they give
me some idea of some of the worries that beset our youngesters, and
these worries leave me feeling very unhappy indeed about many of the
things we are doing, and even more unhappy about some of the things

we are not doing.

Now the sort of thing that worriés the people I have been
talking to is concern for the needs of peoﬁle. Not concern for
their own personal needs, but for other people's needs. Some of these
are the needs that we have heard about in our Symposium.: things like
food, shelter, security for their families, and entertainment... and
in entertainment I would include education and work, because with modern
technologies the amount of work needed to produce subsistence is very
much less than the amount of work needed to keep people happy, so the

_rest of the work has fo be counted as entertainment.. But although

we can in fact, on the basis of existing technologies and even more
primitive technologies, provide all of these things for everybody,
around the world we see that people are lacking in many of them. Most
people in the world lack in one or another, many lack in several of them

at the same time. There is a very great imbalance in the distribution
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of our resources and this, it seems to me, is much more worrying than
anything else. It is much more productive of injustice, much more
productive of social problems. As an example, it is rather well-known
that about ten percent of the world's population currently uses about
eighty percent of the total energy consumed, and that is a very
considerable imbalance. As might be expected, it leads to a very great
deal of popular feeling in the doing-badly countries, as well as a
great deal of discomfort amongst our own young people. I do not
believe this state of affairs can continue very long : I suspect it
can continue less long than our consumption of energy at its present
rate could continue before circumétances forced us to change things.
And I think the social difficulties of change are going to outweigh
the technological difficulties.

I have mentioned our young peoples' concern for others. What
sort of things cause them this concern? I think these are very well
exemplified in the British Royal Commission (Roskill Commission)

vReport on the siting of London's Third Airport. That Report is full
of the inhumane treatment of man by man. Everything in it is evaluated
in terms of monmey and it is quite clear that in Britain, as in other
advanced countries, we have forgotten that money is not an end in itself
but only a means to an end+. In the Roskill Report, an hour of one
person's time is considered more valuable ‘than an hour of somebody else's

time. Well, so it may be for some things, but the fact that somebody

I would not wish it to be inferred that I (or the young people) despise
money in all circumstances. Were it not for money, many of the "good
things" of life would be unattainable... and symposia such as the present
one, in such agreeable circumstances, would not take place.
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is paid one hundred dollars an hour and somebody else is paid five
dollars an hour does not impress me as a good way of measuring what
their time is worth when they are being kept awake at night ﬁy aircraft
flying over them. That seems to me irrelevant. What is important

is that hours of human sleep are being lost, whoever that sleep would
have belonged to. And that is what the young people think, certainly
the young people I talk with : for them a society in which these

things are valued differently for different people is a society that

is awry, a society that needs correcting, a society which thgy dislike,
disapprove of, and wish to avoid as much as possible. Here, I am sure,
is one of the reasons why we have children dropping out from our
society.

Then look at our political activities. The least unkind
comment is that they are in a fearful muddle. Our politicians endeavour,
to the best of their abilities, to steer our economies in sensiblg
ways, to meet the ends they have in mind, and it ié quite clear that
they are incapable of meeting those ends. They get the best advice
they can from economists, and academic economists are included therein,
and it is quite clear that the economists do not understand the causal
chains in our econoﬁy. They get the best advice they can from socio-
logists, and it is equally clear that the sociologists do not understand
the causal chains in our society : it is quite clear that none of us
understands how to control our society. ’

Our children perceive this. It is so blatant that it wouid

be dishonest to pretend we know how to make the things happen that we



want to happen. We do not, and neither do our masters, Whether they are
masters elected by us or selected by themselves or the military. We
do not, and they do not, understand the society we live in. People
are doing research in an attempt to understand it, and the research
is not going forward very fast. On the other hand, we seem to have
constant social crises, the same sorts of difficulties that we have
been in for the whole period of the existence of humanity. We are
enmeshed in a mechanism which we do not understand and cannot control,
which is all the time becoming more dangerous. And we sit and talk
about technological problems, and I feel unhappy about that.

I feel unhappy, and I am trying to convey my emotion to you.
I want you to feel unhappy about it, too. I want you to feel that it
would be better to spend a million pounds on understanding society a
little more rather than on buying an enormous computer for your
University. I hope to persuade my colleagues in Edinburgh of this. I
admit it sounds like the haves preaching to the have—ﬁots, and so it
is. But I hope to persuade my University to moderate its spending on
laboratory equipment for the sciences and technology, and to spend more
on the social sciences. Not because I think the social sciences are
doing the right thing at the moment; but because there is no possibility
of their doing the right thing unless they can have more money.

They will need more than that. They will need scientific
method. 1In spite of what we have been hearing about the failure of
science and the scientific method, despite appeals to Unreason and

Intuition, the scientific method in the social sciences is as yet like
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Christianity in the words of Chesterton’ : it has not been tried yet...
indeed in the social sciences, in economics, the scientific method

has not yet been given a trial. And it is very difficult to see how

it could be tried. Perhaps as an observational science like astronomy;
certainly not as an experimental science like physics; not even as a pseudo-
experimental science like computing. For it is not possible to isolate,
as an experiamental object, a lump of society on which to experiment ‘
in the way that physicists, engineers, or chemists are used to
experimenting. When experiments are dome on society, whether or

not following the advice of economists or other "experts", they alter
the society in ways we do not .understand : we cannot even see what they
have done, let alone how they have done it.

When sociologists recommend to the penal authorities that the
treatment of offenders be changed in some way, the recommendations are
studied and finally some action may be taken... but no-one can see the
effects of what he has done very easily. Fifteen years later it may be
found that some measure of the crime rate has increased, but it is very
difficult to see what has actually changed, and even more -difficult to
discover why. It is desperately difficult to disentangle the effects

of ‘the particular action taken from the effects of other influences like

the general economy, television, imported films, newspapers and many

more.
We are tyying to control ‘something without a satisfactory theory
of it. We almost certainly have no adequate mathematical techniques for

serious representations of our society or of our economy. It is not a

+
Gilbert Keith Chesterton (1874 - 1936) English author, poet, and defender
of the faith.
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matter of solving linear algebraic equations, or looking for stationary
states of the Markov probability process; if we are going to set up
equations which can be of any real use they are going to be very
complex functional equations indeed. And we have no satisfactory
techniques for theorising about the solutions of functional equations
other than the very simplest cases, cases which are quite certainly

not valid for social problems.

So obviously we have to interest some mathematicians in. these
special sorts of mathematical problems. We have to persuade some
mathematicians to work with sociologists, and persuade both to come
down from their ivory towers. They will have to be part of research
teams working in "real life", trying first to get a qualitative feel
for how the real systems behave and then trying to apply some sort of
quantitative methodology. And all this is going to take a long time :
it is not going to produce answers within my lifetime or yours, probably
not within our children's lifetimes.

Meanwhile we shall have to work empirically and intuitively,
planning as best we can what new form of society would be more
robust against the troubles that now beset us. We are as likely to be
wrong in this as in anything else we have done, perhaps more likely
to be wrong. But when your ship is obviously running straight onto
the rocks, you do perceive a need to change direction, and if you can
see a gap in the rocks you go for it, in the hope that you can slow down
before you hit the further rocks beyond, and knowing that if you miss

the gap you will certainly hit the rocks on one side or the other.
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I believe our seciety now is in imminent danger of hitting
the rocks, and that we urgently need to produce a scheme of society
which some of the people, preferably young people, think they would
like it to be. And we should try to endow the scheme with control
mechanisms to regulate the changes as they are taking place, so as
to steer clear of dangers when they appear and avoid catastrophes,
That way lies some hope of improvement. Leaving things as they are
seems to me to offer no hope other than a continuing deterioration

in the well-being of the world.

Professor Damjanovie

I now call on Professor Vincenzo Caglioti of Rome University,
who is Honorary President of the Italian National Research Council
and who is going to suggest to us that a greater contribution could
be made by experimental research towards understanding societal problems

in living with advanced technology.

Professor Caglioti

The German mathematician and astronomer calle’ is reported
to have remarked, at a meeting over a century ago where complaints were
made about the bad consequences of technology (rather as in our meeting
today) that neither techmnicians nor their work should be subservient to

politicians.

* Johann Galle (1812 - 1910), discoverer of the planet Neptune.
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More recently however, as the possibilities of disaster through
misuse of technology have increased to horrific dimensions, the need
to prevent uncontrolled exploitation of new scientific knowledge and
technological development has been generally recognised by technicians
and politicians alike, and the problem has arisen of how an appropriate
control can be exercised without stifling research and experiment and
so bringing scientific progress to a halt. The question has particular
and growing significance at international level, and in relation to
the gradual spread of advanced technology to all the nations of the
world. Tt is in fact evident that virtually all technological
development involves ecological/environmental as well as economic
costs, which can have substantial influence - both directly and indirec=-
tly - on social structures and relationships between nations, groups
and individuals.

Today we have flourishing national and international institutioms,
which deal with the spread of technological assistance, as well as the
beginnings of control and protection bodies such as the Environmental

Protection Agency in the United States, to which each new industrial

initiative of a certain importance in that country is required to

submit an "Environmental Impact Statement" before receiving authorisa-
tion to proceed. Similar agencies are being established in other
countries of the Western Community as well as internatinally (for example
within the EEC). At the moment, the evaluations and assessments

called for are mainly concerned with the environment, but gradually

they are being extended to include social assessments and this has

* See for example "RIO - Reshaping the International Order™ by
Jan Tinbergen et al. Dutton & Co., New York (1976).
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stimulated a search for adequate measurable social indicators.

We should note here that these new protection agencies are
so far concerned only with possible harm resulting from well-intentioned
technological development (i.e. development intended to benefit
humanity) but we must also recognise that much of the science which
is now bringing us great benefit originated in military research for
warlike purposes. Such military research is currently absorbing about
¢ 300 billion annually through the defence budgets of various countries,
and although it may be expected to yield valuable benefits outside the
military fie1d+, it is a very expensive way of obtaining these bemefits.
Basically, in fact, we are buying danger and potential damage, ofteu
with inadequate control either technologically or politically.
(Incidentally, this may well be part of the cause of today's popular
opposition to technology and we should not forget that, just as military
developments in technology can frequently be turmed to beneficial civil
uses,so can civil developments often find military applications.)

Having, I hope, thus sketched the problem of controlling
developing science and technology, and noted the - if I may use the
word in this sense - proliferation of controlling bodies, agencies,
environmental impact forecasts and assessments, I should now 1ike to
suggest that none of these can fulfil its required function unless

backed by adequate societal experiment - experiment to show whether

new technologies which we are about to adopt will be acceptable by

society... and if not what may be required to make them so.

+
The bulk of modern developments in aeronautics, space, nuclear energy
and many branches of medicine are due to what was originally research
for military vurposes.
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I should perhaps first define what I mean by experiment and experimental
methods. T mean the methods of Galileo, involving observations and
measurements; the postulation of simulation models and the use of these
models to construct demonstrative experiments; the subsequent modifi-
cation and improvement of the models in the light of experimental
results, and then their use to construct further experiments.

Of course, I recognise that societal phenomena, the phenomena
of the behaviour of man, are not and cannot be quantitatively assessed
like the phenomena of the physical world. Certainly in the science of
man much is imprecise, not clearly cut... in Professor Terano's terms
there is a "fuzzy" transition from what is false to what is true : there
is no absolute certitude. But these aré probabilistic phenomena which
may be treated by the statistical methods of thermodynamics. The
studies should also involve cybernetics theories and be supported by
pilot experiments which would undoubtedly be significant and socially
interesting in themselves.

I believe that a particularly interesting field for experimental
work of this type could be the representation of different societal
philosophies in "pilot-scale" models implemented in "free countries"

(by which I mean countries which are not smothered by non-liberal
ideologies). Such models might, for example, be built on a basis of
employment strategies, which are inevitably and closely linked to the
problems of the natural environment, natural energy resources, and

+ . ..
technology . We have many different opinions about the problems of

The associated problem of unemployment represents a crucial point for
all countries which are deficient in resources, and certainly it is one
of the basic problems on which to measure the efficiency and validity of
the Western system of society.
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employment, and a variety of options for resolving those problems :
it seems to me very desirable that we should make a comparative assess-—
ment of their validity by experimental means.

Model construction and experiment could also be of value in
evolving satisfactory strategies to meet the change from world abundance
and even glut in many areas to increasing scarcities and shortages.

This must necessarily involve important changes in technology, notably

from "throw-away" orientations to recuperatiom, conservation and re-cycling.
There is no question that such policies are going to become more and

more necessary for our future survival, so that substantial co-ordingted
efforts to determine, experimentally, which are best should be launched
without delay.

Another matter which merits experimental investigation is that
of optimum industrial structure. We may note that, following the
Second World War, the industrial structures of many countries (particularly
in Europe) were rebuilt by imitating the North American model, often
in meticulous detail. Thus, for example, all plant operatioms, techniques,
and processes were mechanised to the highest degree possible, with
little attention for local traditions which have gradually been abandoned
and in some cases have almost disappeared. Only in Japan was an effort
made to develop new processes, new skills and new products, with
results which can now be seen all over the world - in minicomputers,
watches, cameras and related equipment which in Japanese hands have
been largely changed from products of micro-mechanics to products of

specialised electronics.
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In European industry however - at least in the traditional
industrial sectors, as well as some new ones such as nuclear energy
and space - we have followed the philosophy of technological gigantism,
without, it seems to me, first determining whether it was necessary.
This has brought labour relationships in many of our countries to more
or less exasperated forms of permanent conflictuality, where inventive
spirit is forgotten (or even deplored) along with many of the various
and rich cultural traditions of our continent. So again T cite the
Japanese experience which I just mentioned, and call for experimentation
. to test whether it might help us in Europe especially to solve our very
large employment problem.

In Japan full employment has been made possible by the peculiar
qualities of the people. They are not wasteful, they are fully
inspired by the common welfare and the common good. Japan currently
assigns about 35-40% of its gross national product to "fixed"
industrialism, plant and equipment; the active population is some 37%
(which percentage does not exist in any other country); and professional
relationships within an industry are based on the assumption that
employment is for life, progressive remuneration according to seniority,
and trade unions operate within the social framework of the firm.

This is a very efficient system. The firm is considered by all
participants as a community - the participants consider themselves
as members of this firm, and they participate rather than being in
conflict with each other. All these values appear from the merging

of the Oriental philosophies with Western technologies, and they inspire
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cooperation at every level, which implements full employment.

There are of course other systems which also promote full
employment; for instance the Chinese system inspired by Communist
ideologies, or the Yugoslav system which is one of self-management
and cooperation in and between companies. But if any of these systems
the Japanese, the Yugoslav or the Chinese, is to be successfully
adopted by other countries, models must first be constructed and tested
in experimental projects — concrete projects which are intended to
study forms of participations in order to overcome the comflictuality
which is a current characteristic in many countries of the West. That
way, I believe a proper solution to the problems of employment'could

be found.

Professor Damjanovié

I now call on Professor della Riccia, of the Ben Gurion
University of the Negev, who has some further comments on the applica-

tions of physics methodologies for the solution of social problems.

Professor della Riccia

A general topic which has been recurring very often in our
discussions is the relevance of physical laws in social systems, or
more generally, the relevance of a rationalist approach to the study
of social ethics and behaviour, and of the impact of science and
technology in the light of different cultures. I was particularly

impressed during the discussion at the end of the previous session by
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the appeal launched by a physicist, Professor Marshak, to a fellow
physicist, Professor Scott, not to be in @ hurry to give up the
methodologies of exact science which have proved themselves so
brilliaﬁtly over the last two or three centuries. Professor Marshak
was not of course advocating the reduction of social phenomena and
communications problems to physcial processes, but his statement
suggested that our mathematical language - although perhaps not yet
ready to comprehend the complexity of situations where human beings

are directly involved - is certainly not to be abandoned. I personally
was much encouraged by this in my own pragmatic strategy for social
analyses, which is to look for those fundamental principles which are
true in natural sciences and which have reasonable chances to remain
valid in the social field, perhaps with suitable limitations or
eventually appropriate generalisations. After all, new disciplines
like the cybernetics of Norbert Wienmer, the theory of decision processes
of Richard Bellam+, and of course electronic computing, allow us to
analyse progressively more complex systems, and therefore it would be
premature at this stage to give up hope of establishing a deductive theory
of social systems - that is to say, a theory which would enable us to
predict a future revolution given a set of initial data. Of course,
the predicted data would most certainly have a probabilistic nature,
but since the discovery of quantum physics we are ready to accept
results of that nature, which in spite of their statistical character
are still in the framework of rationalism.

Among the various branches of physics, thermodynamics seems to

+ . .
R. Bellam. "Introduction to the mathematical theory of control processes."
Academic Press (1967).
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provide the most promising methodology in the social field. This is
due to the obvious fact that a social system is a "large system”

in the sense of thermodynamics : society is a large collection of
individuals, a biological organism is composed of many cells, an
economy consists of several interacting agents in the same way as a

gas is an ensemble of molecules or a crystal is an assembly of atoms.
Thermodynamics, without the requirement of a detailed knowledge of

the interactions holding the various components together, describes
quite well the states of thermal equilibrium and, what is more
important, gives the conditions for stability of the system around

a state of equilibrium. These are expressed in the so—called Le Chatelier-
Braun principle as follows : a thermodynamic system, when subjected

to an external influence, displaces its equilibrium in such a direction
that it "absorbs" the effect of that external influence. We have here
a principle which, in the domain of physical and chemical systems,
reminds us of Newton's Law of Action and Reaction in mechanical systems.
And it is natural ask whether a similar principle could be stated for
social systems, for example when we see that the benefits of a new
technology seem to have been neutralised by an increase in pollution,
or that the advantages of mass communications are counter-balanced

by a deterioration of the quality of 1ife. 1In other words, maybe there
is a scieétific expression equivalent to the sentence which I found

in an introductory paper of Professor Caianiello : "Hell is paved with
good intentions'. Professor Nevitt spoke of service and disservice
brought by new concepts, and Professor Apostel pointed out the conflic—

tuality of dialectic materialism in a system of history.
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So there does seem to be evidence of the sort of principle
I mentioned... but we need a working expression, a symbolic way (though
not, of course, a strict numerical relationship) to recognise and
illustrate this duality in the social domain between good and bad,
right and wrong.

In fact we need more than this, for we have to recognise that
a specific feature of social systems (as with biological systems) is
that their components are "self-conscious” elements, in the sense that
each one of them can be considered to be at the same time an input and
an output element, and therefore it can also play the role of a control
element. In other words, it is impossible to make a clear distinction
between state variables and control variables. This is perhaps the
main reason for the difficulties we encounter in the analysis of these
systems, even when we use the most sophisticated mathematical techniques.

Here again I refer to the presentation of Professor Apostel.
He says that societal systems are open systems - systems which are
obviously autodynamic - and I agree. But even the concept of open
systems is not sufficient here, because it still implies that there is
the system, that it is open because it is surrounded by the environment,
and that being open means it can exchange energy, matter, information.
That is fine as a general description, but it is not eriough, because it
is difficult to make a dichotomy between system and environment, whether
there are exchanges or not, when we cannot see clearly where the system
ends and the environment starts. In fact this distributed character of

everything -input, output, and at the same time control - means that
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the moment we observe the system, the moment we make any statement
about the process we are observing, the process is not the same any
more, it has changed.

Now, if Newton had expressed the Law of Gravitation wrongly,
it would not have changed the way the apple fell : in that sense, Newton's
Law was completely irrelevant to the Law of Nature. However, if we
publish in the newspapers even a single derogatory comment about the
economic situation of, say, a bank, this might well change the trust
that the people have in that bank, and could eventually lead to its
bankruptcy as a direct result of the published reservations about its
financial situatiom.

So we see that, in studying open systems, it is not sufficient
to study one process itself, but the process of processes - how
processes change themselves. And one of the consequences of so studying
a social system is that we immediately perceive the fundamental role

in such a system Which is played by the flow of information. Informationm

is the element which keeps the social or biological system alive.
Unfortunately, at present we have only very imperfect techniques for
measuring and transmitting information (outside the specialised but
restricted domain of the electronic engineer). However, we do know

that the "information variable" is related to the entropy variable in
thermodynamics, and Professor Prigogine with his co-workers have extended
the Le Chatelier-Braun principle to the analysis of dynamic as well as
static situations : with the addition of a suitable dynamic postulate,

they have founded a theory for irreversible processes. A fundamental
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result deriving from this theory is that, in a stationary state of
non-equilibrium, the rate of production of entropy is minimum,

which translated in terms of information means that the rate at which
information is lost is minimum. Maybe here we have the beginning of
a tentative variational principle which could show us, in the domain
and the dimensions of information how social systems behave...
because we know that in the world of energy and mechanics, these are
the principles which control the whole process and which are called
deterministic. If we could have, for a social system,the equivalent
of Hamilton's Principle of Least Action+, then we could write equations
of motion not for mechanical variables like position and velocity but
maybe for variables like structure and information., Work in this
direction is already being pursued in various countries.

Notice the analogy between structure and information and

position and velocity; two pairs of dual variables, conjugate variables.

In both cases one is responsible for the other, and vice versa. To
organise a system we have to inform it; conversely, if we receive
information from the system this must be accompanied by an increase of
disorder in the system. In our third session Professor Caglioti spoke
about the conflict between symmetry and information in natural structures,
and broken symmetry inevitably accompanies information : without breaking
the symmetry we are in a degenerate situation, we have no information.

As in physics, only by breaking the symmetry = which is responsible for

the degeneracy of energy levels — do we find new properties of nature.

+ . .
or "Stationary" Action.
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I have been discussing physical and societal systems. In
conclusion I would like to mention the remarkable work of Jacques Attali®
in showing the affinity between economics and information theory. For
us all, physicists, physiologists, psychologists, sociologists,
economists... scientists of every discipline and of all disciplines,

I am convinced that as we discover more about the mysteries of perception
and transmission of information - about which our present knowledge is
negligible — then our various branches of the natural sciences, social
sciences and technology must develop in harmony for the wellbeing of

all mankind.

Professor Damjanovii

Our next speaker is Professor Ilya Prigogine, of the Free University
of Brussels and the University of Texas at Austin. He is going to

speak on the Metamorphosis of Science.

Professor Prigogine

When I read the invitation letter to this Symposium from my
friend Eduardo Caianiello, I was particularly interested by the remark :
"We propose to concentrate mostly on the inter~cultural and cultural
shocks caused regardless of good intentions by the confrontation of
divers civilisations.”" Now that is certainly an extremely important
and interesting subject, for it brings us to one of the basic aspects
of Western science and the confrontation of civilisations. Some years

ago, I read with great interest a remarkable book published by UNESCO

* 3. Attali. "La parole et 1'outil". Presses Universitaires de France (1975)
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called "Science and the Diversity of Cultures", from which I would

like to quote a small passage. It is in French, and it reads as

follows :"Depuis plus d'un si&cle, le secteur de 1'activité scientifique
a connu une telle croissance a4 1'intérieur de 1'espace culturel ambiant
qu'il semble se substituer 3 1'ensemble de la culture. Pour certains,

il n'y aurait 13 qu'une illusion produite par la vitesse de cette croissance,
mais les lignes de force de cette culture ne tarderaient pas & surgir

de nouveau pour la maftriser au service de 1'homme. Pour d'autres, ce
triomphe récent de la science lui confdre enfin le droit de régenter
1'ensemble de la culture qui, d'ailleurs ne mériterait plus son titre

que pour autant qu'elle se laisserait diffuser 2 travers 1'appareil
scientifique. D'autres enfin, effrayés par la manipulation 3 laquelle
1'homme et les sociétés sont exposés en tombant sous le pouvoir de la
science, y voient se profiler le spectre de la déroute culturelle."*

Now I think this is a very interesting summary of atctitudes
towards science - science as a powerful intruder into culture which,
because it is the incarnation of rationality and must therefore be alien
to any cultural or historical tradition, must be constantly contested
and controlled to avoid its ultimate dominance. In direct contrast to
these attitudes, I believe that one of the most interesting aspects
of recent studies of the history of science is that they have destroyed
the myth of science growing independently of its cultural context. I
think that is one of the most important conclusions coming from many

contemporary studies, and personally I specially admire the great work

+ . . . - L.
"La Science et la Diversité des Cultures" (UNESCO), Presses Universitaires
de France (1974).
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of Joseph Needham on Chinese culture and science+, which shows very
well how the so-called scientific development is realted to the general
philosophical or metaphysical view of nature. In Europe also we

are beginning to see and understand the cultural, religious and social
roots of our science. It is clear, for example, that the idea of

laws of nature derives from the concept of laws of God, though this
concept tends to present nature more or less like an automaton - a very
simple automaton in fact - in contrast to the Chinese view that nature
is a highly complex representation of creativity.

I do not intend to go more deeply into these matters, but I
would like to emphaisise the importance of our views about nature,
whether as an automaton or as an essentially complicated mechanism, in
influencing our approach to science... and if I speak about metamorphosis
of science it is in the sense that I believe that we begin to be able
to go beyond the simplistic view and to introduce a slightly more
dynamic view of the nature which we describe. I think this will be
important on the one hand for the reconciliation of the Western and
Eastern points of view (which is one of the subjects of this Symposium)
and also in bridging the famous gap between our own two cultures :
physics and chemistry on one side, and on the other the social and
socially-oriented sciences. I do not believe this gap will be bridged
in a few days, nor even in a few years. Such small studies as we have
so far made haye above all shown the enormous complexity of the problem.

But it is an interesting complexity, particularly for me because it

+
"Science and Civilisation in China" by Sir Joseph Needham FRS, 7 volumes,
Cambridge (1954).
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involves the development of a whole new field of modern mathematics...
one of the many new fields of mathematics which are at the moment in
a remarkable state of growth.

Now, if I say that classical science is still describing a kind
of universe assimilated to an automaton, this is I think best seen in
the type of time description adopted in classical science; in the role there
played by time. In classical dynamics time appears only as a parameter,
and there is no difference between future and past. I shall not go
into the history of this long-existing situation, but essentially it
derives from the mathematisation of the laws of motion, starting with
Galileo. In a sense, this originated in a desire to simplify the
concepts of time as, for example, they are found in the teachings of
Aristotle, where time has all kinds of comnotations, not only change
of position, but also generation, biological evolution, and many
~thers. So this first mathematisation related to motion and to the
“srmulation of the laws of motion. And we can see that as a result
:1assical physics embodies three interdependent elements : the static
view, corresponding to everything as given : irreversibility, the
first time in mind establishing the same rule; and determinism - the
view tha all basic change must follow a deterministic law - which
means essentially that everything is regulated from the start in a kind
of Platonic structure for all nature. It is quite remarkable that we
have been through two big revolutions in theoretical physics in this
century - and of course there are more to come — yet these revolutions

have not altered this static classical description. Indeed, in a sense,
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the same problem of time appears in relativity in more or less the
same connotation, and this is again true in quantum mechanics. Therefore
we can say that the basic theoretical methods of either classical or
quantum mechanics describe a static universe, a universe or being
without becoming. (Incidentally we may recognise how much non-
scientific elements, especially ethical elements, have played a role
in the formulation of the "laws of nature”. +this is seen, for example,
in the work of the Greek atomists, who for this reason needed to reduce
the changing universe to some static and non—changing elements.)

But for us, today, it is important to have what might be termed
more confidence in the universe, which in any case is no longer a
mystical element in the classical sense. As evidence that we are
beginning to do this, it is interesting to find the same expressions as
Epicurus used 300 years before Christ, appearing again in the writings
of Einstein two thousand years later. For him also the laws of physics,
especailly when expressed as elementary laws, were essentially time-
independent, and this is a way in which the physicist can escape from
the changing ambience and standards of today's life from the threats
of today's environment (in the widest sense of the term), and go to a
kind of ideal universe whose components are not changing but are eternal.

However this concept of nature involves also a difficulty,
because once it is accepted that the basic elements are these elementary
laws, which apply to objects that are not changing, then how will it be
possible at a later stage to introduce evolution and other similar

concepts? Einstein thought this ought to be possible by successive
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approximation, or introducing perhaps a less precise argument, but how to
do this remained - and remains - a rather unexplored subject. So we
should not be surprised that in fact much philosophical thought, from
Kant onwards, has been a kind of protestation against the 'static"
view of nature. Of course, the work of these philosophers has not
in general been very useful for science. They have not proposed another
technique for investigating nature. However, I do not think we should
play down their tremendous efforts to see essentially the limitation
of the science of their time.

Now, following these last remarks, and particularly my saying
that the view of classical science was a static view, I now have
to reconcile this with the fact that the nineteenth century, of course,
knew very well the idea of evolution. Boltzmann even called the
nineteenth century the century of evolution. And it is interesting
that the idea of evolution was independently formulated in this century
in different ways : in biology and sociology it was associated with
increasing complexity, while in physics through thermodynamics it was

linked with the law of increase of entropy. The two approaches had

precisely opposite implications concerning complexity, for while in

biology and sociology increased complexity was indicated, in physics -

as Boltzmann demonstrated - the fundamental idea was that an increase

of entropy was an increase of disorder relative to the initial conditions.
This latter way of looking at change, while interesting in the

sense that time was introduced through thermodynamics, was still a

negative view. Irreversibility appeared only as a kind of negative
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element (loss of initial conditions) or as a nuisance which prevented
heat engines reaching ideal efficiencies. So it could still be said,
taking this into account, that classical science in physics and
chemistry was very poor from the point of view of the description of
time evolution. However, as I would now like to show, more recent
thinking permits consideration of time evolutions which are much

more complex, which in practice is what has to be expected.

Change is a notion of formidable complexity of which
deterministic philosophy is only a very special case, valid for very
simple situations. T shall not go here into the relation between change
and dynamics, which is an extremely interesting but rather technical
subject and would absorb too much time. I shall simply observe that
views on dynamics today are continually changing, and that much of
what in the past was considered as classical dynamics (usually
extrapolated from very simple situations) now seems to give a completely
wrong view of what dynamics really means, because in fact the matters
concerned are extremely stationary; and it is only in these cases that
we can speak about integrability and related properties in the classical
sense. Typical examples are situations like the two-body problem in
motion, on which many excellent text-book dissertations can be found.
But today there is a new and very interesting current in the work of
dynamics, modern dynamics, and more complicated dynamical systems
already have a time evolution which is much more complex than one would
have expected. It is unfortunate that these things are so little known,

for today the physicists give little attention to this field - which is
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regarded more as a field for engineers and people doing things like
space research; which is resulting in very important matters like
understanding of the foundations of classical dynamics being driven
out from the general knowledge of scientists.

But I do not wish to pursue this here. I would prefer (and
I am sure it is more appropriate) that I deal with the simnler - or at
least simpler to explain - relations between thermodynamics and
evolution.

As I have already mentioned, the formulation of the second
law of thermodynamics in terms of entropy (the entropy of the universe,
considered as a closed system, must inevitably increase and only in
non-isolated systems can there be entropy loss as well as entropy
production+) was part of the work of the nineteenth century. The
concepts were of course based on the essential distinction between
reversible and irreversible processes.

It has always seemed to me remarkable that the second law
of thermodynamics is generally considered to be a science. I would
consider it at best as a '"program" because although it maintains that
entropy is increasing, and that seems to be an accepted rule, none of
the great founders of thermodynamics has ever said what entropy means.
They have not yet specified any method for calculating the increases
of entropy : and although in a sense it does seem self-evident that
something like entropy must exist, there is no self-evident way of

calculating it. And for this reason; because of the difficulties of

* The loss being "compensated" by greater production elsewhere.
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bringing a temporal element into a non-temporal science. Only irreversible
situations, which of course are time independent, were fully analysed

by the great classicists of thermodynamics of the 19th and early 20th
cénturies. - Not until our present century was well advanced did the
"mechanisms" of entropy production come under intensive study. And

it was seen, at least in macroscopic formulations, that entropy production
was something related to the flows of the irreversible processes
multiplied by forces created by temperature gradients, concentrations

and so on. And equilibrium meant that the flows were vanishing and

the forces were vanishing.

This in itself was not very interesting, however, and it was
not until the great Norwegian mathematical chemist Lars Onsager derived
statements about entropy which could be verified in the 1aboratorj*
that real progress began to be realised. To take a simple example,
Onsager was able to demonstrate that the thermal conductivity concept
is symmetrical;and although this is not perhaps of very important
consequence, it is nonetheless an interesting and surprising thing, for
thermal conductivity can be considered very unisotropic, yet still it
is found to be a symmetrical concept. The important conclusion, therefore
is that we can make statements about this type of irreversible process,
at least in the linear region, because Onsager's discovery refers to what
is known as the linear region of non-equilibrium thermodynamics. What
does this mean? As I mentioned, entropy production comprises flows and
forces which both vanish at equilibrium, therefore changes near
equilibrium are not very "steep” and may be taken as virtually linear in

form... hence these regions are called linear regions.

+ N .
Lars Onsager : "Reciprocal Relations in Irreversible Processes' (1931).
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Lt is about these linear regions that, following the work of Onsager,
I have myself developed a theory concerning thermal balances and minimum
entropy production which shows that in the steady state there is what
may be called minimum "innovation". This is an intellectually satisfying
concept, which I have immediately tried to apply to biological and
similar systems though without immediate success. In fact, this effort
in a sense prevented the development of the field for a few years,,,
for as can easily happen, a fascinated pursuit of one particular theme
can conceal that the truth lies elsewhere. In my own case - and
considering minimum entropy production - it was some time before I perceived
that my acceptance of the belief that irreversible processes could
not have "constructive" roles was unjustified. Non-equilibrium, in
fact, could be a source of order. In other words, instead of thinking
that irreversible processes are just a nuisance which, as I said,
prevents heat engines from achieving ideal efficiencies, it is only
necessary to look at living systems (which are obviously irreversible
processes, for otherwise there could be no metabolism) to realise that
they cannot continue to function unless each molucule is in the right
place, and works correctly in the synthesis of other molecules., The only
possible explanation of this - at first sight paradoxical — situation is
that there must be some relationship between irreverisbility and space-
time structure.

It was in this way that I and my colleagues came to search for
such a relationship. 1In a sense, of course, it was already to be found

in the minimum entropy production principle, which can be presented as
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an extension of the principle of least action (if a system is prevented
from reaching equilibrium then it will take the next best course : it will
dissipate as little action’ as it can). But it was only later, when we
studied various types of energy-dependent phenomena (as for example the
instability which develops in a liquid, heated from below as convection
becomes more important then conduction) that the significance of new
"stable" states — dependent for their maintenance on "nourishment” through
flows of energy or matter' - hecame apparent, Such states are related
to increased entropy production, and this is related to a new type of
macro-molecular order. 1In the mentioned case of convection, this new
order results from the transfer of energy from the millions of individual
molecules in the liquid to a more co—ordinated and coherent system. And
this is a very typical example of a non-linear phenomenon in non-
equilibrium physics or thermodynamics where, sufficiently far away from
quilibrium, new structures can exist as a result of which the initial stable

tate, part of the state of rest, is no longer stable., It follows that,
although from "static" stability (equilibrium) there is no way of moving
to new situations, thls is not the case with "dynamic" or "nourished"
stability, which in fact is a very common type of stability in the structures
of physics,chemistry and bio-chemistry, and other domains of science.

Now for me, a particularly interesting example of "nourished"

stability - partly because it is not a physical or chemical example - is
a town. It is interesting because, a town is a very defined structure,

and the structure of the town depends very largely on the type of

work X time

oL . . . .
Dissipative structures : described more fully in my paper circulated
by the Symposium Secretariat.
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interraction it has with its environment. These are conditions for

all non-equilibrium or dissipative structures, and they are conditions

for which thermodynamics can only provide some criteria, necessary but

not sufficient criteria. It is in fact the case that these new structures
are giant f1uctuations+, giant fluctuations which are stabilised by

their interractions with the outside world. And this brings me to discuss
the role of fluctuations.

In general, classical (macroscopic) physics can ignore fluctuations
since they are statistically insignificant because of the law of large
numbers. Furthermore it is easily shown that in most macroscopic systems
where the fluctuatién is small, it will normally die out because of the
thermodynamic stability which is automatically ensured by near equilibrium
or minimum entropy production.

But we are now considering a different type of physics, in which
the driving force is fluctuation, Now, instead of the fluctuations being
"corrections" to the average, they "drive" the average, and in order to
do this they need to violate the law of large numbers. Therefore the
mathematics require to show how such a violation of the law of large
numbers can be achieved. I do not want to go into these mathematics here,
tnut they can be readily extended to modelling social situations. For
in both cases the basic equatiomns corresponding to average behaviour
are violated near to "nourished” stability. In other words there is always
an interplay of three elements : the average functioning of the system

as expressed by the "basic" equations of the cycles ivolved; instabilitjes

+ . . . . .
For a description of fluctuation, see again my circulated paper,
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well beyond and far from equilibrium. But still on the macroscopic level;
and Mnourished” stable states highly susceptible to fluctuationms, which
cannot therefore be analysed or understood at macroscopic level.

That is really the basic triangle : a function which leads
to spacial=—temporal behaviour; spacial-—-temporal behaviour which
can then lead to fluctuations which are not included in the average
macroscopic equations; and fluctuations which can then grow and so
lead to changes of the original function. This last could be called
a type of continuous (positive) feedback, which in a social system must
of course involve information... though not information as a
separate theory but simply appearing in the parameters of the non-
linear equations.

Physicists and some others have for a long time sought to
produce statistical elements on the macroscopic level : now we find
the statistical elements appearing on the microscopic level near the
equilibrium point, because that is where the law of large numbers will
be violated.

There are two further points which I would like to emphasise.
The first is that, by changing the overall parameters of situations
it is possible to have many "nourished” stable solutions (perhaps
several dozen) which can even be produced on a computer and sometimes
verified experimentally. This will show how far we have come from
the idea of linear mathematics which was the ideal of the 19th century.
Even if we set boundary conditions, if we know everything, the internal

state is not determined.
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Furthermore, there is an historical element in this type of
evolution : because you go from one situation to the next, you cannot
explain the situation in which you are-without knowing how you got
there. In other words you have introduced into chemistry and physics
the beginnings of historical content, which of course was (and is)
missing from simple Newtonian descriptions. Also I want to stress
the important role of the concept of non-equilibrium stability to
which I have referred. I believe this concept is of special interest
for all concerned with innovation in technology : I believe it will
lead to new mathematical theory of innovation and technology, because
it offers, for the first time, a way for us to make a distinction
between two types of fluctuations. One is fluctuation of quantity
(which existed already in the systems analysis). But fluctuation of
quality is also possible. Suppose for example, in a complicated micro-

molecule of form
AB AB AB AB AB AB AB AB ....

a fluctuation of the biological system produces (by "mistake™)
ABBABBABBABABBA ....

the latter is an innovation. And for such an innovationm, appearing
at microscopic level, there are two future possibilities. Either it
will die out, or it will take over and in due course will dominate
the original micromolecule. And either outcome must fulfil the

conditions of stability within the overall structural stability.
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This is a common type of ecological situation. Some of my
co-workers, for example, have studied from this point of view the
history of insect societies, where an efficient insect society without
soldiers is approached by another insect society in which thére are
both soldiers and workers. The question is whether this second
society will take over or whether it will be destroyed by the first
one; and of course the answer will depend — among other things - on
the nature of the territory and possessions of the first society,
because if these have no value there will be no point in having
soldiers take them over. These are essentially parameters of a struc-
tural stability problem. And an interesting result of mathematical
analysis, which I think has some philosophical connotations, is that
there is no system which is stable with respect to all possible
structural stability criteria. In other words no system can achieve

permanently a particular stability; there will always be the possibility

of new fluctuations which may create new variants of the system.
This means, philosophically, that history can have no end, unless
this comes from an external and presumably repressive mechanism : it
cannot come from the internal dynamics of the system.

In conclusion, and looking at the developments in scientific
thought which I have been discussing, the main new element seems to
be that we begin to realise that the obvious scientific description
of the physical world, in terms of chemistry and physics, is not the
same description that "somebody" would see from the “outside". It is

a description that depends on us as the describers, There, I think,
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is perhaps the main message of relativity theory, that we have to
take into account the velocity of light when we discuss concepts of
space and time. This does not mean we have to give up Newtonian
mechanics or ordinary classical physics; rather that we have to accept
a pluralism of views. For science has expanded not only in the sense
of dealing with much larger objects or much smaller objects than
previously, or going into new dimensions, but in the sense that

new descriptive methods are necessary, together with an understanding
of where, and how, one type of descriptioﬁ should give way to another.
And we have to go from work dealing only in quantities to work
including qualities. And I think perhaps that is one of the most

fascinating aspects of moder science.

Professor Damjanovié

I now call on Professor Gunnar Hoppe, who is Vice Chancellor
of Stockholm University and Chairman of the Swedish National Committee
of Remote Sensing. He is going to speak about modern methods of

remote sensing.

Professor Hoppe

The possibilities we have today for making very substantial
(and often largely irreversible) changes in the environment make it
particularly important that we should be able to monitor these changes
continuously... also that we should have methods for monitoring in

advance so that effects of man-made changes can be predicted and - where
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the forecast effects appear unacceptable - they can be countered by
appropriate forward planning.

Moreover, because the world environment is basically a single
(though extremely complex) system, our monitoring operations need to
be on a world-wide scale : that is, we must survey the most remote
areas as well as the easily accessible - the forest regions of central
South America as well as the Mediterranean. This is why we need a
whole range of technical devices for what has come to be known as
Remote Sensing.

Strictly speaking, remote sensing is a part of what we do
when looking around us. And it is what astronomers have done since
the beginning of their science. However, by remote sensing today
we mean the registration by instruments (usually airborne or in
orbiting satellites) of a wide variety of data from the earth's
surface : these data are then subjected to highly sophisticated forms
of analysis to give us the information our monitoring systems require.
With this definition, remote sensing was born in the middle of the
19th century, when for the first time photographs were taken of
Paris from a balloon.

The development of remote sensing has of course been strongly
influenced by work of military origin : I need only mention the
importance of radar, infra-red and thermal instruments during the
last World War, or more recently, the U-2 aircraft or the satellites
said to have operated for instance during the last Israeli/Egyptian

war. But today the techniques are mainly used for civil purposes, for



313.

which various types of"platforms" are being carried, not only by
balloons, helicopters and aircraft, but also in rockets and especially
in satellites. The large variety of sensory instruments used includes
magnetometers,radiation detectors,spectrometers, radar and laser
systems and many others. These sensors cover not only the visible
part of the electromagnetic spectrum, but also the ultra-violet and
infrared, as well as the microwave regions so important because of
the possibility there to penetrate clouds. The enormous (and growing)
quantities of data so obtained, despite the highly sophisticated
systems of pre—processing and processing which have evolved round
the very big computers now available for data handling, are currently
a substantial source of delays in remote sensing evaluations.
Nevertheless the value of these operations is increasingly
recognised throughout the world, a particularly noteworthy example
being the series of earth resources survey satellites - now known
as "Landsat" surveys - which have given us invaluable and extremely
detailed information concerning such matters as snow and ice
coverage and formation in the arctic and antarctic regions, water
collection and flows in rivers, mineral deposits, volcanic activities
(and surface heat discharges) as well as the production and diffusion
of various types of pollution, deforestation, desertification and other
results of human impact on the world enviromment and ecology.
Ecuipment carried by Landsat Satellites already has a resolu-
tion of urder two acres (approximately 0.8 hectares) and a few

years hence this is expected to have been improved to an area of
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about 25 metres by 25 metres — the size of an average house. All
countries have been invited to take part in this work and those
interested have been equipped with appropriate apparatus and, of
course, have shared in the results.

Several very large scale experiments have been initiated in
the United States, the best known of them probably being the »Lacte"?
project for the global survey of wheat growing and the prediction of
wheat harvests. This project has proved highly successful both
technically and politicaily.

How have countries outside the United States reacted to the
possibilities of the new technology? Canada, with her immense land
area, immediately built a first ground receiving station for sateéllite
signals : today Canada has two, and the possibility of a wholly
Canadian satellite is under discussion. Most European countries have,

or have had, Landsat experimental groups. The European Space Agency

has for some time been examining possibilities for a European earth
resources satellite programme involving specially high resolution
microwave sensors. Meanwhile a European ground receiving network for
Landsat signals has been established, with stations in Italy and
Sweden. A special station for ocean research data is being built in
Great Britain, and stations are planned for working with data from
satellites operating for other specialist purposes. France has
already taken a decision to launch an earth resources satellite in
1982, with special high resolution sensors in the visible and infra-

red parts of the spectrum.

Large Area Crop Inventory Experiment. This, and indeed virtually thg
entire concept of the Landsat programme as currently underway, owes 1ts
origin to the United States National Aeronautics and Space Administration
(NASA) .
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To a certain extent, the European activity in this field has
to be looked on as an effort to break the monopoly of the super-
powers and create an indigenous fund of advanced technology'with
resultant "spin-off" effects. At the same time, however, a movement
has begun towards the internationalisation, as far as possible, of all
remote sensing from satellites. A proposal to this effect was first
presented by Italy and Sweden in the United Nations, and has sub-
sequently been discussed with much intensity and a few irmediate
results in the UN Space Committee and its sub-committees. In many
developing countries there is a fear that the developed countries
might use remote sensing only for their own advantage - for example
by acquiring unique knowledge of natural resources all over the
world - and in the UN the Latin-American countries have strongly
recommended that satellite data covering a country should be in the
hands only of that country, which is contrary to the existing policy
of totally free exchange for all Landsat information.

The move towards greater internatinalisation is in fact
gathering momentum in many parts of the world including, for example,
the People’'s Republic of China, where two years ago I myself saw
some of their work based on the Landsat programme, and was entrusted
with delivering to several foreign institutes and scientists some
very beautiful colour composites which the Chinese had made of
Central Asia. Since then, the erection of ground receiving stations
in several countries of the developing world is a most encouraging

tendency : Brazil already has such a station and others are planned in
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Africa and elsewhere. A number of UN workshops and seminars on

remote sensing have been or will be arranged in several developing
countries, so that these countries will be fully aware of what is
being donme and will, we may hope, wish to participate in the work.

From all this it can be seen that as yet we are only in a
very ‘early stage of a very important and hopeful evolution. We have
already seen much friendly international cooperation, one particularly
notable example being that the Russians have asked for (and received)
LACIE data about their home production of wheat.

Over the next decade we shall, I believe, see the present experimental
satellites replaced by a number of operational satellites of different kinds,
bringing a continuous flow of data from all parts of the world about
agriculture and forestry, about fishery and minerals, about transporta-
tion, about changes of the environment, about disasters such as volcanic
outbursts, earthquakes, floods, hurricanes and typhoons. Where
necessary the data will reach those interested more or less in 'real
time", so that appropriate actions can be undertaken immediately. And
perhaps in a not too remote future these actions can be undertaken
automatically. All of which should play a growing part in furthering
world well-being and countering human misfortune... truly a humane use

of human ideas.

Professor Damjanovil

Our next exposé will be by Professor Donald Ekong, Vice-Chancellor

of the University of Port Harcourt in Nigeria. His paper is entitled
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"Coming to Terms with Science and Technology”, which is a particularly

important matter for developing countries.

Professor Ekong
I am speaking here as a practical organic chemist and
recently an administrator. I do not claim any special knowledge or
study of the analytical or philosophical problems of science in
relation to society, such as have been so brilliantly discussed by
many distinguished speakers at this Symposium.
Within the context of the theme of the Symposium, however, I have

chosen as the title of my contribution, "Coming to Terms with

v

Science and Technology” and I intend to speak mainly from my own

experience and the experience of my generation in a technologically
less developed society. .I believe that such a contribution can be
valuable and relevant to the theme of the Symposium, because many
in our generation have not only witnessed the encounter of our people
with science and technology, but have themselves subsequently contributed
to the enormous changes now taking place in our society from the impact
of that science and technology.

There are some of my colleagues, in fact, who having themselves
been born in an environment in which everything was viewed in terms
of magic and the intervention of ancestral spirits, are today successfully
engaged in such things as researching complex problems like genetic
disorders and computer languages. If nothing else, I hope this might

give indications of some data for further analytical studies. Indeed,
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from listening to some of my European and American colleagues, it
seems to me that many scientists in Europe and America have no
knowledge at all - and I do not mean they misunderstand but that
they really have no knowledge ~ of current responses in the
technologically less-developed societies to the impact of science
and technology in these societies. Much of what one hears on this
subject sounds like fairy tales. I believe also, as I shall try to
show later, that the problems which confront these societies are of
relevance to the present-day difficulties of the industrialised
countries.

The most important factor in the disruption that followed
our encounter with science and technology was the suddenness with which
the technologically less developed societies were confronted with the
products of science and technology, often even before they encountered
the scientific view of the world which provided the environment in
which the products of technology were developed.

The situation has been likened to that of a surgical organ
transplant. In European societies the development had been relatively
speaking an organic growth process, where new ideas which challenged
previously held beliefs asserted themselves gradually through debate
and through results achieved by the application of the new ideas.

And with due respect for those who have studied these matters in greater
detail than myself, I have the impression that some of the ideas relating
to the scientific view of the world have not always been "traditional”

in European society. Rather have they been ideas developed by individuals,
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which have asserted themselves gradually over the years.

In contrast, the technologically less developed areas of the
world witnessed a sudden massive confrontation with end products which
were not only developed under totally different cultural circumstances
but also radically contradicted their traditional view of the world.
The cultural shock that this has produced has led to the undermining
of traditional values and even the very basis of society in these
countries. All this I believe is well known. The question is how
should and how does such a society respond to these éhallenges.

But, before considering that, I should like to give some attention
to the reactions in the industrial countries.

One finds two extreme reactions. On the one hand there were
the colonialists+, represented by Christian missionaries, merchants
and the colonial administration itself, who sought to civilise the
colonial peoples by throwing overboard their traditional culture
and Europeanising them. But, as direct foreign rule became impractical

_and unfashionable, this attitude was repiaced by the other extreme
view, usually regarded as liberal, which would wish to see these
societies preserved in their natural state unpolluted by technological
development and providing ready material for study by anthropologists
and perhaps also recreation for tourists from Europe and America. Both
extremes are irrelevant and are largely ignored, particularly in
countries such as Nigeria. It is a mytﬁnot related to reality to
regard the pre-technology era as a kind of "heaven on earth”.

In making a true assessment of the response in these less

+ . o s
I use the word simply as an accurate description of what these people
were doing, and without any emotional overtones.
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developed countries to the challenga of science and technology we
must take into account two important factors. The first is that
scientific laws, to the extent that they represent physical reality,
are universal laws which are not culture-bound. Thus for instance
the laws of thermodynamics are not European laws but laws of nature
which, together with all their consequences, have applicability
everywhere without regard to cultural or national boundaries. On the
other hand, concepts of social organisation and social relationship
are culture-bound, although even these can be and are influenced
by many external factors including developments in science and
technology.

The other factor to be considered is that these less-developed
societies, having come into contact with other societies, have ceased
to be "closed systems”. They now interact and inter-relate with
other societies, and it is a historical reality that such interactions
and inter-relationships are competitive and exploitative. It is a
fact that the political subjugation and the continuing economic
domination of the developing countries by the industrialised nations
was and has been made possible by the superior technology of the latter.
Indeed, the main driving force largely responsible for the phenomenal
technological advances in recent decades has been competition among
the industrialised countries themselves and the urge for self-preservation.

The problem for us in the technologically less-advanced countries
is a complex one, especially in view of the time scale in which solutions

have to be found. Advances in science and technology are a historical
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reality which cannot and should not be reversed. They represent means
which can increase ability to understand and harness the physical
forces of nature, which are universal and not culture-bound. It is
because these technological advances have not been matched by advances
in understanding other aspects of man and nature that improved
technologies have not necessarily led to an improvement in the quality
of life. The correct response then is not to stop the growth of
science but rather to give more attention to understanding the social,
cultural and spiritual needs of man. This is how the people in the
technologically less-advanced countries should come to terns with
science and technology. The culture of a people is not a static
entity, but is among other things an expression of their historical
experience. Therefore to restore the “equilibrium" or "harmony" in
these societies within man himself and between man and nature, the
transfer of technology must go hand-in-hand with the indigenisation
of science as well as a study of society by people of these countries

themselves, with a view to identifying for themselves those cultural

values in their society which must be preserved and must be reflected
in their social relationships and their social organisation. (I wish
to emphasise here that in fact it is most harmful for the developing
countries to be, and to remain, consumers of the products of technology
without themselves understanding the science behind this technology,
and without themselves being able to contribute to its development.)

In conclusion, I have not offered any solutions but have merely
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emphasised that what we need is not less science and technology but
more knowledge of society and its cultural and spiritual requirements.
The present crisés in the industrialised societies are similarly due

to the fact that the phenomenal pace of present-day development in
technology has created a dimension of cultural and spiritual adjustment
unknown before even in Europe. Therefore, although at different levels,
the problems of the industrialised and the developing countries are

in this sense similar, and they may therefore offer a basis for a

global collaboration that recognises the different cultural and societal

needs.

Professor Damjanovig

The last paper in this Session is by Madame Nanami Shiomo an Eastern
intellectual who, living in Italy, has had the opportunity to study
Western culture at first hand. Mme. Shiono will give us, as she says,
a few personal comments on the relationships between this culture and

real people.
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Mrs. Nanami Shiono

Dr Honda, Professor Caianzllo, ledies and gentlemen,
following the example of Professor Siniscalco, who is much more
famous than I am, I think that I too should start off by telling

you something about myself.

Leaving aside my date of birth, I was born in Tokyo and took
a degree in Philosophy at Tokyo university, my thesis being on
“Botticelli and his times" and my supervisor Professor Takashina
who is presant here. I then came to Italy, drawn by & longstanding
love of Mediterranean civilization, and since then I have written
various books on different subjects: three books on people and ’
aspects of the Italian renaissance, one hook of stories about life
and customs, two of short stories taking place in the 14th century,
and finally two books on modern Italien politics. I am in the
process of writing a book on Machiavelli end efter that I plan to
write a book on the republic of Venice, with spzcial emphasis on

its political set up.

Perhaps it is for this reason that the chairman of this session
chose me to give an idea of the point of view of an oriental with

some knowledge of the west.

As a journalist end writer, moreover, I do not have the habit
of making generalizations, but prefer to give concrete examples

from which I may then draw a conclusion or form a hypothesis.

I shall make use of a story I recently heard to introduce the

theme of the difficulties involved in bringing east and west together.

During the last conference of the ten most industrialized
countries, the English Chancellor of the Exchequer, criticizing the
Japanese bitterly for their large balance of payments surplus,
concluded by calling on them in no uncertain terms to change their
life style. His Japanese counterpart made no protest. Nevertheless
in Japan the episode made a disagreeabls impression, A high ranking
Treasury official, letting off steam in private with a friend, was
heard to say: "We sre elready doing our utmost to reduce cur foreign
trade surplus, but if this is what the westerners think, then the
problem will never be solved. Either the Japanese change their way

of life or the English dao".
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This episode enables me to introduce the concept of tolerance.

westerners often want to export their models of hehaviour,
because they are convinced, a bit presumptuously, that these are

thes best.

If you will ellow me ta hypothesize, I suggest that this
ingrained conviction has its origin in western religien. In the 0ld
Testament we find the concept of the chosen psople, which certainly
does not encourage mocesty, and Christiénity in a sense made things
worse because,-while extending God's message to the whole of humanity,
it also called on Christians to spread the word all over the world
because theirs was the only true faith, The Muslims carried this
further still with the theory of holy wars on the infidel (2 concent
adopted with enthusiasm by the Christians).

To move on to more "madern” religions, I believe we can place
Communism in the same category. Consider that in the Far East there
have nsver been *holy wars" except when Muslims or Communists were

involved,

why is it that Confucianism, Shintoism and Buddhism hzve never

insoired wars of conversion 7

The reason is that we do not consider ours to be the only true
religion and feel no sense of pity for those who are not of the same

fFaith: we therefore make no effort to convert them.

From this it follows that we do not tend to consider oursslves
the only depositaries of the truth, or rather, though we may think
this on an individual basis, we do not beliesve that the truth we

have is necessarily valid for all mankind.
This is the basis of what I have called tolerance.

Another root of western intolerance is to be found in Roman
history. When the Romans wished to reward an allied city or a
particularly favoursd foreigner, they extended to them the benefits
of Roman citizenship, that is they nominated them Roman citizens.
As if Carter were to make Andrectti an American citizen, in the
belief that he was confering a great honour on him and raising him
to e higher level of civilization. Meanwhile, with the moral
justification that they were bringing civilization to-the world,

the Romens did their best to destroy everything that was different

around them. With the best intentions, needless to say !
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But then, you will ask me, have there never been wars in the
East ? Of course there have, but net motivated by supericr moral
Jjustifications, only by territorial ambitions. This means that
there was no pretence to the people or the army that their aim was
to civilize their neighbours; they were only after the loot., Not

very charming, perhaps, but at least not hypocriticsal.

The only western organisation which has the principle of
tolerance among its precepts is freemasonry. But this regards only
a restricted group of people and I am not well enouch informed on

the subject to be able to pass judgment.

Over and above the guestion of tolerance there is the problem
of information, in the sense of availability of news. And here I
can only speak about Japan because I am not, as I have said} an
Crientalist. At this point I'll tell you another story I recently

heard.

A short while ago, a delegation from the Japanese Association
of Industrialists went to France to discuss the same old question
of the Balance of Payments. During the course of the discussions,
the French minister advised the Japanese, among other things, to
eat more meat, at least as much as eaten in the west. On this
occasion also none of the Japanese delegates protested or suggested,
for example, that if the French wanted to diminish their deficit
they should stop dfinking wine, which would also have the effect
of bringing their disagreement with Italy to an end. This because
we know very well that wine is a part of Frencﬁ culture, whereas
the French minister did not know that meat is not part of Japaness
culture and that therefore we do not feel its lack at all. Until
100 years ago the Japanese observed the Buddhist rule which forbids
the consumption of the meat of four footed animals and derived their
proteins from fish and heans.

With this long tradition behind us it is hardly surprising
that meat does not have an important role in our dist. Personally,
after ten years in Italy, I still prefer a plate of fish to a juicy

rare steak.
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Another fact. Talking to many Italians, whatever their sccial or
cultural background, politicians and unionists included, as soon as

one mentions Japan the guestion aof work cross up. They see ths Japanese
people as a lot of patient ants, dumbly hard-working and exploited.
Peaple have often told me that the Japanese working class is very
poorly organized, badly pzid, and works inhuman hours (in spite of
which it never goes on strike]; with this exploitation of the workig
class it is easy to understand the country's economic success. This

is another example of lack of informatiom. I don't have the figures

to hand to prove to you that the Japanese worker is no worse off than
his counterparts in other countries and I shall come back to this oocint;

the important thing is rather that he has & different attitude to work.

My hushand, who is Italian, often says jokingly as work is God's
punishment to man for his having misbehaved in the Garden of Edan,
it is only to be expected that man should do his utmost to escape
from his prison. And indeed it must be acmitted that in Genesis work

is not presented in e very attractive way.

I was surprised too to learn that the word flabor' in latin alsoc
means 'fatigue'; 'suffering'. And perhaps it is no accident that in
English one speaks of a woman being in tlahour'., Professor Caianello
will tell you that in Neapolitan dialect the verb to work is 'fatica''.
Proverbs which should encourage work, such as "work makes man noble"
are often jokingly rounded off with ths phrase v, ..and makes him like
a beast". As for the famous words "arbeit macht mann frei”, we all

know where the westerner could read these; on th2 gates of Auschwitz,

In Japan, on the other hand, as Maraini says ", ..work may be o
considered heavy, tiring, disagreeable, but never, ever a punishement®.
Indeed I may add that it is so much a part of us that amohg the most
common Japanese greetings is one which goes like thiss

A:"Have you got anything toc do?"

B:"Yes, luckly I have"

And if we enjoy warking, what harm is there in that? We don't ask

others to work as hard as we da.

Furthermore, we have an enormous capacity, an ancestral gift,
for group work, which has its origin in the ancient systems of rice

cultivation,
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These are extremely complex systems which call for the cooperation
of all the inhabitants of ths village togsther during the first phese

of cultivation when speed and efficiency are essential.

As for the inhuman exnloitation of the working class, 1 admit
that we are at fault here for not supplying all the information we
could, for not protesting with the figures in hand every time we hzar
or read things of this kind, We should do better to jettinson our
"virtue" of politely waiting in silence for others to understand instead

of rudely contradicting them,

I know that one cannot expzct westerners to know every detail of
Japanese life, its religions and its customs; but at present the level
of information si just to low. It is 'as if peonle were still discribing
the Italians as people who eat spaghetti whit their fingers, play the

mandolin and spend their nights singing serenades,

Those who write articles in the press or mske television docurenatries,
even shorts ones, about Japan, should be properly informed and study

the question in the right way.

Moreover, in Japan every high school student — and bear in mind
that in Japan almost all children reach secondary school - studies
some western history and learns something about the religions of the
other countries as a part of his general culture. I cannot be so sure
about other countries, but I know for sure that in Ttaly a high school
student comes across Japan only in occasion of the Russo - Japanese
war and China, apart from the episode of Marco Polo, only for the

Boxer rising.

Meedless to say, this lack of information is less severs at
higher cultural levels, but it is very WidESDread emong the less
culturzlly privileged classes. This is 2 hacd thing not only for thes

Japanese but for everyones, It lays public opinicn open to manipulzation,

I have only here refered to two prablems, tolerance and information
and only with regard to one far eastern country, Japan., Fortunately
I em not in the least bit gualified to talk about India, China,

Indonesia etc...
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The conclusion I would like to draw fram what 1 have tried to
analyse is thet I do rot think we are ready yet for a meeting
betwesn sast and west, even at government levels, as the French
and English episodes go to show, and that if east-west or north
-sputh cooperation is considered essential, or even only desirable
for planning the future of humanity, it is urgent that we should
get to know each other better, putting aside our superiority and
inferiority complexes, and maintalining only our interest in each
other, and this not only at government levels, but at all lsvels

of society.

You have heard me use the term tolerance, but I admit that
perhaps I have not really chosen the right word; the word tolerance
conveys the impression of "bearing with", whereas the Jasanese word,
which I am unable to translate with a single word, is KTJgoN kff&f,
which means "being together, going ahsad together”. This is a

concept of total accaptance finalized to the need for progress.

It may well be that this will come up acainst opposition from
various power groups; economic, political and religious, but Humanity
will soon reach the point when it can no longer allow itself the

luxury of serving as a toy for the few,

And now that I have examined one face of the problem, that is
the east-west encounter, it remains for me to consider the hynothesis

of plarmning on a worldwide scale.

I shall not dare to make any proposals on this subject, but it
comes natural and instictive for-me to wonder: "who will the planners
be 7 how will they be chesen 7 what type of political system will
have the task of carrying out this delicate feat 7" I do not think
that it will be possible to have good worldwide planning so long as
we continue to hold the myth of democracy sacred. Let's analyse this
for a minute. This is another western cancegt, the nFATITH" 4 which
at the moment the west is exporting and which is used as a standard,
especially in the anglosaxan countries, but also in Francs, against

which all systems of government are judged.

Yhat is democracy 7 Literally: government by the people, that

is the majority. This is already guestionable: guantity eguals good.



329.

Minorities are always wrong ! Second point: dsmocracy is expressed
through the vote. To vote mears to pass judgment. Sut to be abls to

judge one requires comolete, exact and objective information.

Mow we have heard that not even the cleverest scientist can
give exact, complete and chjective information to a neutral machine
such as a computer, which is technically prepared to solve the problem.
How can we then think that men, wha are ruled by their emctions and
often illiterate as well, can recsive exact, complete and objective
information from other men whose own interests are invalved, let
alone elaborate it correctly ? One is led to ask oneself wether the
sum of the most freguent mistakes equals the truth. I do not believe

it does.

And this is still assuming that the information is supplied.

- Ye all know that there are secret talks, secret documents, sscret
services, and we know that at least for the time being thess are
indispensable, but if there is all this secrecy, then how is the

common man to pass Jjudgment on any particular administration?

Living in Italy during these years I have been able to observe
some sursrising dsformations of demacracy: the absurd interference
of political parties in fields of technical competence. Specialists
in a host of different fields are allotted jobs - in schools, state
industries, universities, hospitals, banks - according to their
political allegiances, and the distribution of the jobs available
exactly reflects the political strength of the various parties in

the administration.

If Itely had to send 10 experts to a worldwide planning
commission, they wouldn't be the 10 best in the field, but four
"white", three "pink", two “red" and one "whits with pink stripes”;
and the 4 "white'ones and the three "pink" ones would be, agein,
divided according to the factions within the various parties. And
the trouble is that this might well be the case of other delegations
too. If we are going to plan the future of Humanity I do not want
the nlanning to be done by the friend of the Right Honourable "A®
or by someone put forward by Party "8", if they cannot prove that

they are better qualified than other candidates.
The reverse side of democracy is demagogy and patronage.
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We have said that there is nothing fixed in nature and that
everything evolves. I think that the moment has come to look for
alternative political systems. The idea of democracy is undoubtedly
fascinating, but from the time of the encient Gresks to the present,
can you tell me in which state of reasonable dimensions it has ever

been a reality ? It would be pure and simple gbstinacy not to try
and find more efficient alternatives. Is this most recent western
divinity so powerful that we cannot even try to see if others exlist?
Tt seen almost as though we wers afraid of offending God. This, in

my opinion, is one of the problems to study.

In the past, in Venice for example, or in China, thers have
been examnles of non-démocratic systems which, in spite of some
defects which could be easily esliminated, worked quite well for
several centuries. These models and others should be analysed and
modified if necessary, bearing in mind our technological develonpment,
and perhans tried out, sucsosing a population can be found willing
to act as a guinza pig. Or else we could think up an entirely new

system. It sesms to me a Fascinating idea to work on.
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DISCUSSION

Professor Nevitt

I have been most impressed by the "down—to—earth" nature of
much of what we have heard in this Session, particularly from
Professor Ekong and Professor Della Riccia, both of whom are obviously
a lot closer to the realities of applying science to practical ends
than are some others of our very illustrious colleagues both here and
throughout the world.

I was also impressed by Professor Michaelson's remarks about
the real-life attitudes of young people, and his insistence that we
need to take account of these... for after all it is they who will be
in charge of our world tomorrow. Above all I admired Professor Michaelson's

declaration that more money should be spent on understanding society,

as he so aptly put it, rather than investment in enormous new computers
and other complex technological toys for scientists to play with.

I am not fundamentally against societal "modelling", and I am
ready to accept that it has contributions to offer, in some areas, to
solving the very severe problems confronting us. But let us not
expect ever to have anything approaching a fully-descriptive model of
our world - that cannot work and will only be a waste of money and other

resources. Let us not expect modelling, even with the best and biggest
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computers, to give us all the answers we need, or even any complete
answers. But rather let us, in Professor Michaelson's words, "talk
with the people" and try to understand what they want of their world.

Until we know that, we are really working in the dark.

Professor Marshak

1 am certainly not going to disagree with what Professor Nevitt
has just said. But I would like to follow up a little more
Professor Michaelson's remarks - and they reflect attitudes which have
been discernible throughout the Sessions of our Symposium - about
the disenchantment of youth with so much of modern technological
life... and even with all aspects of educ#iion, particularly advanced
academic tuition.

The reason is surely that our young people cannot see the
relevance of all this in relation to the problems of living, of
using each human life for a clear purpose. Indeed I believe many see
the advance of what we call learning as responsible for the gradual
destruction of what they call living.

It is for this reason that I have already launched a proposal,
in my own University, that all students' curricula should be extended
to include an extra year which would be devoted to the application of
their academic training to social problems, and would include practical
involvement 1in these problems on the basis of (perhaps voluntary)
service to a community or a group of communities.

For I believe firmly that the young people want to contribute :
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and we have a duty to provide the necessary framework for them to do this.

Professor Prigogine

In this connection I should like to mention that an enquiry
in the EEC concerning student alienation suggested that it was much
less pronounced among students of science and technology than among
those of the "liberal arts'. Perhaps this is because the criteria
for judging values in scientific work are more "democratic" - in
the sense that what matters is not who you are but what you have done...
and are doing. Perhaps, therefore, students in the sciencz faculties
could help us - more than at present we allow them to - in tridging

the gaps between some of their concepts of life and some of ours.

Professor Ekong

I believe Professor Marshak's extra year in his students'
curriculum is a most excellent innovation. He may like to know that
we are introducing the same idea in my own University at Port Harcourt

in Nigeria.

Professor Revelle

I found Mrs Shiono's address extremely interesting, but I must
disagree completely with her remarks about democracy. Surely a
fundamental characteristic of democracry - at least of what we might
call "real" democracy - is that it is designed precisely to protect

the interests of minorities, not to over-ride and over=rule them.
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Of course, there are plenty of societies which claim to be
democratic but which, if the term has any meaning at all, are about
as undemocratic as could be imagined. But that is not a criticism

of democracy.

Father Carrol

One of the conclusions to be drawn from this Symposium is
surely going to be that a closer and "more balanced" co-operation is
needed between the advanced industrial countries of the world and the
developing countries : some of the problems have been particularly
well expressed in the paper by Professor Ekong. There is ir this,
I believe, one aspect which we must watch very carefully, and that
is that we do not, under the guise of transferring technology to
developing countries, in fact transfer to them the nuisances = such
as environmental degradation and pollution - associated with industrial
operations that we wish to avoid or eliminate in the more comfortable
environments of the highly-developed countries., I myself knaw of a
case where a large sintering plant was installed in the Philippines
by a Japanese company because the pollution it would have caused

in Japan was considered unacceptable.

Mrs. Nanami Shiono

I must reply to Professor Revelle, I am not, of course, opposed
to democracy... it is surely the essence of humane society. My worries

are rather about the way in which processes that are generally considered
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as democractic can lead to what I believe are undemocratic results. In
particular, the process of decision by simple majority voting, in
which 507 plus 1% (note that I do not say 51%) gives domination. That
does not seem to me to be protecting the minorities. In the French
Revolution, for example, quite a few representatives of minorities

ended under the guillotine.

000000000
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CHAPTER VI

GENERAL DISCUSSION

A final (sixth) Session of the Second DISCOVERIES Symposium
was devoted to a review of the five preceding Working Sessions and
a general discussion of results and conclusions. The Session, under
the chairmanship of Professor Eduardo Caianiello, was honoured by
the presenceof Dr. Mario Pedini, Italian Minister for Science, and
Professor Ernesto Quagliariello, President of the Italian National
Research Council (CNR) under whose auspices the Symposium had been
organised in Rome. This final Session was open to the public.

Despite the quite considerable divergence of views concerning
some of the matters discussed during the earlier Sessions, this
concluding Session at least demonstrated complete unanimity in believing
(a) that the interdisciplinary approach of DISCOVERIES was not only
valuable but essential for the resolution of today's problems of popula-—
tion, food and energy supply, raw materials, and above all improved
human understanding; and (b) that the bringing together of Eastern and
Western thought and cultural approaches in the unique way that the series
of DISCOVERIES Symposi; made possible comprised a novel and exceptional
contribution to facing world problems on a world basis. There was also

substantial agreement that, although novel methods of scientific approach
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(especially of symbolic representation and computer—-based analysis)
were to be encouraged, it would be very stupid indeed to allow these
to displace the traditional methods of analytical deductive and
inductive science which had served so well for centuries.

After paying tribute to the Honda Foundation and its Director,
Dr. Soichiro Honda, for making possible the Rome Symposium,
Professor Caianiello invited Professor Quagliariello to address

the meeting.

000000000

Professor Quagliariello

Mr. Chairman of the Symposium, Dr. Honda, ladies and gertlemen.
Last June, when a first meeting was held in Rome to plan this Symposium,
I had the great pleasure of meeting some of my international scientific
colleagues who have now followed through the plans we made and who,
together with the other illustrious participants in the Sessions of
the past few days, will - I am sure - be no less satisfied than I am
by the results of these Sessions.

For this success I would like to congratulate you all, and
especially our dear friend Professor Caianiello of Salerno University,
under whose very able Chairmanship the Symposium Committee has done such
a very good work.

A personal note : in August of this year I was coming back with

Dr. Pedini from the United States where we had been for a scientific
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mission. Dr. Pedini gave me a book on the most famous musicians who
are active today and who, through their wonderful art, give us peace
of mind. And Dr. Pedini told me, quoting an ltalian author, that
after his daily concerns and worries, he always find peace in the
evening by resorting to music, that is, to something which has a
specially numan dimension. This is I believe a veéry basic point;
that all of us who are concerned with science should not only concentrate
on scientific realities, but should always be aware of the human
aspects of the world. We should always keep these in mind whatever
else we may do : in fact in my opinion civil and scientific commitments
should always go hand in hand.

The subjects debated in this Symposium are subjects that no
scientist can ignore. I would even say that it is a principal duty
of every scientist to consider them regularly, for otherwise scientists
themselves would become inbumane and would lose their own value as
scientists. As I have just said, it is impossible to separate the
civil from the scientific commitment, and it is precisely this combina-
tion of commitments that is one of the most positive aspects of meetings
like the DISCOVERLES series. Bringing together scientists and philosophers,
humanists, politicians and administrators, this is surely the way to
find solutions that can no longer be found without interdisciplinary
study, ever if in the past this was possible, which is not at all sure.
And this interdisciplinary study, this coming together of experts from

so many and varied fields, is urgent, at least among those who believe
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in, and want to safeguard the future of mankind-and of his world. I
am sure that when the history of this period comes to be written,

the work of Symposia such as this omne, of Foundations such as the
Honda Foundation, and of devoted scientists such as Professor Caianiello
will have an important place for the efforts they have made to
contribute to the development of science, technology and humanity

in harmony and peace.

The Honda Foundation, created only two years ago, has already
made a highly significant contribution to the intellectual exchange
which, in our democratic societies, is an essential complement of
the massive and often cumbersome activities of governments. The
Italian National Research Council will always be happy and prepared
in the future, as it has done on this occasion,to cooperate with the
Foundation in trying to discover the answers to the many and various

crucial questions of the modern world.

Professor Caianiello

Mr. President, dear friend, I am deeply moved by your very kind
and encouraging words. I am sure that everyone here is personatly
devoted to working, to the fullest extent ot his or her ability, for
a better future tror our world. And now I have pleasure 1n calling on

Dr. Pedini, the Minister tor science and Cultural Property.

Dr. Pedini

Mr. Chairman, Iadies and gentlemen, I am pleased and honoured to
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thank you all, on behalf of the Ttalian Government, for this
Symposium, for these days which you have spent working together in
Rome on subjects which are important not only from the viewpoint of
science and culture but also as contributions to many of the problems
of government. It is with the greatest pleasure that I welcome for
the second time Dr. Honda, whom I met at the National Research Council
in June, and whom I would like to congratulate on this very happy
DISCOVERIES enterprise, devoted at the same time to the philosophy
of science and also the science of culture. Also I woutd like to
congratulate Professor Calaniello, who brings great honour to our
country and who has made enormous efforts to lead the work of your
Symposium.

I am particularly glad that the Symposium has been looking at
some of the very real problems of modern govermment. Such government,
independently of the political system adopted by the various popula-
tions or nations and independently of the options that are at the
bases of the various political systems which exist, today presents
problems which have become extremely difficult and extremely complex;
and if sometimes we have the feeling of living through a period of
serious crisis, this crisis is not only due to the awe-inspiring
developments of science, but also to the fact that so many of our problems
have now become worldwide and therefore, because they concern all men
and all populations, they have become much more dramatic.

Clearly in the work you are all doing - on which you have been

reporting during the past few days - you are very well aware of these
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facts, and you are actively and vigorously applying the methods of
science to the problems they present, some of which have become
more and more serious with time. I can certainly confirm to you
that the political experience of Italy shows this approach to be
essential : no success is possible, even in the political field, if
political choices do not have as background a logical and experimentally
verified definition, designed to achieve a precise relationship
between technology, environment and man. If something is missing in
our Western democratic system, or more probably is missing in the
whole world, it is surely a sufficient scientific investigation of our
problems and how we may resolve them : it is, as you say in your reports.
both vital and urgent to develop an experimental method with which to
face the social problems of modern times.

I would like to stress another important aspect of this
meeting. I believe there can be no fgture for our world unless we
can very soon achieve a synthesis between the advanced "Western"
world, the wisdom of Asia, and the vital novelty of newly developing
countries like those of the African continent. This you are most
clearly and evidently trying to do : you are debating the philosophy
of science and the science of culture on a truly all-embracing scale,
and you are conducting your debate within a cultural context that
combines the dynamic experience of the West and the considerate and
ancient wisdom of the Asian world. Ln this way you are already developing
cultural values that are also scientific values on which it might be

possible to build a new way of life for man.
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As a politician, I would particularly emphasise that this
synthesis of cultures you are seeking, and which is the very basis
of the DISCOVERIES Project, is something tor which the political
world must be very grateful, because today we cannot act in politics
other than in this way, through meetings between cultures, between
continents, between worlds.

I would like here to make special mention of the report and
presentation of Protessor Prigogine, and to thank him for his
remarkable contribution to the Symposium. It is often asked whether
science can be really usefulin golving today's human problems, or
whether 1t is continually modifying numan and natural equilibria
and so altering the bases of relationships among people and between
people and their environment. Protessor Prigogine's "possible
history of a regional urbanisation" (in his paper circulated by tne
Symposium Secretariat) deals in a very beautiful way with these
questions,questions which of course reflect a widespread concern that
science should enhance the culture of man and should not depress it,
and that culture itself should provide stimulation for the humanisation
of science. I am sure we were all extremely impressed by the very
precise ianguage which Professor Prigogine used to define tne
relationships between scientific culture and humanistic culture,
particutarly because the definitions were neither uniquely scientific,
nor uniquely cultural, but both scientific and cultural at the same
time. This seems to me a hignly important basic philosophical contri-

bution to the solution of the problems of this age and the searcn for
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a synthesis that may overcome the presently perceived limitations of
science. For these limitations are perceived very widely; yet the
reaction is not a general condemnation of science, but rather an
expectation that it will overcome the limitations and contribute —
more than ever before - to human wellbeing. "The people", in fact,
expect an answer from the world of science, and it is no longer
permitted for scientists to ignore social questions, or to pursue
their science fbr its own account without concern for the consequences
it may have of a social and even moral order. During this Symposium
we have seen ~ perhaps for the first time - the appearance of the
value of quality as a parameter in the assessment of économic and
social events, and also therefore in judging the value of social
initiatives and political programmes.

Unfortunately, there is not time for me to develop
these reflections further; however, I beg you to accept them as the
reaction of a man who has had long international experience, a man
who participates eagerly in the evolving construction of Europe, and
who lives day-by-day a political life. Today that political life is
in search of a new philosophy, based on values determined by the
people in areas where the people believe, still believe, in the spirit
and the importance of all nature that is around us.

That is why DISCOVERIES is so very important for
us all, as a powerful contributor of wisdom for the construction of a
nev philosophy to which we must all work together in mutual responsibility,

And that is why I give my wholehearted support to DISCOVERIES, its



344.

Founder, its President, and all its members, with a wish that this
fertile framework and context, characterised by the scientific aspects
of culture combined with the cultural aspects of science, will grow
and prosper.. I hope most sincerely that the meetings planned in Paris
next year, and in Stockholm in 1979, will have no less success than

this one in Rome.

Professor Caianiello

Dr Pedini's words bring me to the point of calling on
Professor Prigogine, Nobel Prize man in chemistry last year, who
wishes to pay homage on behalf of us all to Dr. Honda, the Founder
of DISCOVERIES, for his very important initiative in establishing

this series of Symposia.

Professor Prigogine

I think the title "DISCOVERIES" was very well chosen, for the
study of complex systems is a new field, essentially unexplored and
indeed one where we need to discover the laws or at least achieve
more basic understanding.

This can of course be done on various levels. At the simplest
level, we can make general reflections on the subject and express
our feelings, and this by the way is not an unnecessary thing because
1 believe that in science general feelings, or intuition, are inm a
sense our starting points to mathematical formulae or the study

of experimental situations. I believe in fact that science is a very
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human activity, and therefore the expression of general feelings and
general points of view is far from being unnecessary.

Then at another level, we try to represent situations
(especially micro-situations) mathematically, developing where necessary
new systems of mathematics. However, I do not believe that mathematics
alone will ever bring us really to a deeper understanding because
for that we need to know more facts, facts about the functioning of
society, and as yet most of the facts are not known. Therefore it
is only through a kind of cooperation between mathematical and
experimental techniques that some progress can be made. To give an
example, I have for years studied the problems of motor traffic, the
Theory of Traffic. And in these studies I have seen how very important
it is to have an interaction between theory and observation. If
you do not have the data you can do nothing; there is no hope of
developing a Newtonian-type theory which could be applied to the
enormous variety of phenomena in motor traffic, and each problem
requires a measure of new approach. Furthermore, the question of
information is still in a very unsatisfactory state; we have so little
of it.

Then coming back to general questions concerning the relations
between pure science and applied science, we have very little under-
standing of how new ideas are flowing from pure science and being
applied by practical scientists. Here it is very clear to me, from
frequent visits to the United States, that there is a deep difference

between the American situation and the European situation. In America
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there are a lot of institutions between the pure research institutions
and the really applied institutions, which in Europe we do not have...
and that is one of our main weaknesses. The Japanese on the other
hand, have been remarkably successful in the practical application of
science, and the reasons for this are very interesting. The Japanese
have produced some outstanding contributions entirely by themselves,
in a great many fields : for example, in the fields in which I am
personally interested, in statistical mechanics, they are really
among the best in the world in theoretical concepts. They have also
produced a remarkable feedback system between pure science and

applied science, and I think the study of this feedback Qould be
extremely interesting. All these things require and invite study,

and in such study I am sure the Honda Foundation will have a funda-
mental and very essential role to play. And the studies required will
be multidisciplinary and complicated... but I am optimistic about
their success for, clearly, we are living in a time where pluralism

is possible and emcouraged.

Now, on behalf of you all, I wish to thank Dr. Honda for this
beautiful conference, and particularly for his own presence, and interest,
his personal interest, in the problems we have been discussing. Only
a few days ago I did not know Dr. Honda, but I have the impression
that there is already, happily if I can say so, a friendship
established between him and me, and I am sure this is a general feeling
of all the participants in this conference. For this as well as the
conference, I would like to express my deep appreciation to Dr. Honda

and all those who have worked to make the meeting a success.
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Professor Caianiello

Ladies and gentlemen, we have all heard‘the comments, the
considerations, the opinions of Professor Quagliariello, Minister Pedini,
and Professor Prigogine. So we all know why we are here, and what
we have been doing, or at least trying to do. To get an idea of how
successful we have been, I am now going to ask the Chairmen of
the various sessions to summarise, very briefly, their own sessions.
After this I hope there will be some time for questions from the
floor. So I would ask first of all Father Carrol to tell us something

about his session, the first of the Symposium.

Father Carrol

In the opening session of the Symposium Professor Leo Apostel
of the Univeristy of Ghent gave us some réflections on the methodology
of history as seen from the viewpoint of historical materialism,
and he raised some questions about the relationships between history
and society. Particularly from this point of view, he provided a
very useful backdrop for continuing discusgions, which seems to me
to have focused more or less directly on values : values realisable
in society and the relationships of these values with social development
and with technology.

Professor Pi Nallo then gave us some of her reflections on the
student unrest of 1968, and on her research in Venezuela and its
significance in examining the very different cultures and values in

modern Italian society.
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Next Professor Jean—Claude Simon, who has worked intensively
with computers and computer technology, discussed the applications of
these machines in dealing with very complex representations ("models™)
and calculations; he showed how, beyond a certain degree of complexity
which he called a "wall of complexity" programming errors and
calculational errors would always effectively prevent reliable computer
results being obtained. Extending his conclusion to the field of
coherent human society, Professor Simon pointed out that this built-
in consequence of complexity was at the root of human freedom, since
it was inconceivable that a "totally computerised” society could
function without errors. Thus a place for human initiative and all
human freedoms was guaranteed, irrespective of whether it was considered
desirable or not.

From the standpoint of a theoretical physicist, Professor
Piero Caldirola discussed the influence of society on science and of
science on society : some of his views were at variance with those of
Professor Apostel, which resulted in some lively debate. " Finally,
Professor Brunetto Chiarelli, himself a human biologist, gave a.short
review of the history of ethical systems and pointed out the need
for a human ethic to respond to the tremendous human problems created
by the development of technology.

This is my own summary of the session : I am not sure that
all would make exactly the same summary. However, I did feel,
personally, that there was a certain unity as we focused more and more
on the area of human values and the challenge of technology in society

today.
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Professor Caianiello

I now ask Professor Marshak to speak about the second session.

Professor Marshak

The second session was devotéd to the impact of science and
technology on human welfare. It was, at least in terms of the
speakers who took part, concentrated on the situation in the industrialised
societies. There were two speakers from Sweden, Professors Rasmuson
and Wikstrom, who dealt with the relative impacts and other implications
of large factories and small factories in terms of the quality of
life, Professor Wikstrom also looked at conflicts between industrial
economics and consumer interests., There was a contribution from
Professor Ulrich Briefs on the "humanisation" of computers, in whiéh
he proposed democractic control of computer research and other aspects
of the computer contribution to our society. Dr. Lucio Gaspari
talked about health problems and the tendencies of state—organised
health services to become de-humanised and mechanical, while
Professors Limstone and Pucci presented some more general considerations
about the problems of harnessing science and technology to human
welfare,

If 1 could now make a brief comment (which T hope might produce
some discussion) I think, all of us in this session were trying to
concentrate on what I call the new scientific humanism... an effort
to take very seriously the problems of human values and the social

ramifications and consequences of the rapid advances in science and
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technology. However, I had not myself expected to meet with proposals,
presented I think very seriously, suggesting that the culture of
science was itself in question. 1In other words - and in this
country of all countries, where Galileo started the great scientific
revolution combining experimental method, human deduction and intuition
and further experiment to produce extraordinary success in the under-
standing of natural phenomena - I had not expected the Galilean
tradition to be questioned.

I have a strong feeling that this negative attitude towards
experimental science, which some have called a rationalist approach,
is unhelpful and even dangerous when we are trying to resolve the
problems of our world now and for the future. It is, I believe, a
fact that most natural scientists are very humble about the possible
applications of their approach to social systems and to resolving
the problems of man in society. Nevertheless, and in a true experi—
mental spirit, they accept that it would be interesting to see whether
some of these approaches could work, and I think it would be a grievous
mistake on the part of the social scientists and the philosophers to
reject this outstretched hand for working together, for a new scientific
humanism and a new understanding of the needs of society. I think
the partnership is absolutely essential, and that it would be a great
tragedy, if in our joint desire to humanise the applications of

science and technology, we did not work together.
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Professor Caianiello

Unfortunately the Chairman of our third Session, Professor
Gunning is unable to be with us this morning, and his place will be taken
later py Professor Giuseppe Caglioti, ome of the main rapporteurs
of that Session. Meanwhile, however, I will ask Professor Revelle

to give us his impressions of the fourth Session.

Professor Revelle

The session that I chaired had the ostensible title "Intercultural

Shock : Tasks and Failurés of Mass Media Communication”. In fact we

did not discuss that at all : what we talked about was truth-seeking
how human beings approach the truth. There were contributions from
six speakers from Europe, Asia and Noréh America : Professor Morello
from Palermo, Professor Moreno from Las Palmas, Professor Nevitt

from Toronto, Professor Santesmases from Madrid, Professor Scott from
Wisconsin and Professor Terano from Tokyo.

In the first paper, Professor Scott stated very eloquently
the thesis that both the ratiomal and irrational have a role in truth
seeking : he presented the very interesting paradox that rational
methods of truth seeking in fact rest upon irrational assumptions.
For there are many axioms which cannot be proven in the normal sense,
but which are intuitively conceived as truth, so that the irrational
intuitive method can be &efended rationally. This idea was stated in
other terms by Professors Nevitt and Terano. Dr. Nevitt particularly

stressed the two different ways in which we communicate : by sequential
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communication (for example through the printed word, which irrevocably
and irreversibly established ways of seeing the truth because of the
sequential nature of reading) and by the more modern and still not
very well understood perceptions that we have obtained, for example,
from television where many facets of information are presented
simultaneously.

Professor Terano elaborated on these ideas from the standpoint
of ambiguity, showing that in many cases imprecision can lead to
greater understanding. I must say my own reaction to this was that
the saving grace of science is in fact relying on our perceptioms,
relying on what we can see and what we can perceive : otherwise we
tend to be in the position of the heros of Greek tragedies, being
punished for challenging the Gods. In science, we can avoid
challenging‘the Gods by continually testing our insights against
what we can perceive. The argument. for the wholly intuitive, "new
rational" or poetic approach is certainly one that has great appeal :
it is so very humanist, so much the way in which many people have in
fact always felt they gained understanding and insight. But I would
submit that the unique feature of science, as we have known it and
as hopefully it will continue to be, is that it builds on the past
and thinks about the future. Science is a structure like a mediaeval
cathedral, which is ever building and yet never finished. And this
structure, to which everyone can contribute, which is not a unique
preserve of a small elite but something to which everyome is able

to add, is an expression of a supremely human acitivity - therefore,
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I would say, one that has humane as well as human aspects.

Professor Caianiello

I hope you will allow me, Professor Revelle, to add my own
deep appreciation for the comments you yourself made during the Session
which you chaired. I would now like to ask Professor Damjamoviec to

report on his Session.

.
Professor Damjanovic

The fifth Session was concerned with a very complicated issue
which we examined under the title "Hypothesis of an Approach to Global
Planning, stemming from Eastern and Western thought alike". It is
very difficult to summarise in a short time all the contributions
made by participants, but I will try to mention briefly the main
points. First, Professor Michaelson drew attention to the need for, and
problems of, improved communication with today's youth, discussing
very interesting and intriguing topics of youthful attitudes to world
society and its obvious failings. Several contributions then dealt
with scientific methodology, both in itself and in its “internal"
development, and from the viewpoint of applications to practical
human affairs and the solution of social problems including, of course,
future planning. Here I should particularly mention the contribution
of Professor Vincenzo Caglioti, who not only analysed the problem but
developed from his analysis a proposal for a practical experiment in

society in international societal cooperation that could be achieved
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in our time and with our resources.

Professor Prigogine then gave some fascinating details of his
own work on applications of scientific methodology to the resolution
of social problems, and Professor Hoppe gave an account of the special
equipment and programmes now being used for remote sensing in global
planning. Professor Della Riccia drew attention to the essentially
practical nature of what the world expected from science, namely
the application of its methodology to the very real problems of survival,
and to the new problems of cultural development and expansion so that
survival should have a valid purpose. These views echoed those of
Professor Ekong, who similarly suggested that academic debate on
fundamental values of civilisation tended to lack interest for
those in developing countries with insufficient food to stay alive. Finally,
Mrs. Shiono, a Japanese social science researcher now living in Ttaly,
gave some personal comments on the different attitudes of Orientals
and Occidentals to one another, notably with respect to toleration
of attitudes which did not coincide with their own. Overall, this
concluding working Session of the Symposium was an important, and I
think largely successful, effort to visualise possibilities, perspectives
and requirements in merging science with the plurality of world cultures
in order to resolve both immediate and long-term problems confronting

mankind.
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Professor Caianiello

As T mentioned earlier, in the absence of Professor Gunning,
Professor Giuseppe Caglioti has kindly agreed to report on our third

Session in which he was a participant.

Professor Caglioti

The third Session of the Symposium was essentially devoted to
world energy needs. Professor Gunning in his opening remarks, gave
some frightening figures which, in summary, indicated that if we
continue using up our non-renewable resources at the present rate, many
of them will be entirely consumed in 20 or 30 years. Unless total
world demand can be drastically reduced, only by massive further use
of coal and nuclear energy can our needs be met. The same point§
were emphasised by Dr. Umberto Montalenti, who insisted that only
by combining production of more energy by every means possible with
every possible economy could we avoid an extremely serious shortage
by the start of next century. Dr. Montalenti proposed a quasi-total
energy system which he termed "energy cascading”, the aim of which was
never to use energy of a "higher quality" than was essential. In other
words, not to warm water for low-temperature purposes (such as domestic
heating) by using "high quality" energy from oil, coal or nuclear
power stations unless that energy had previously done other work (such
as electricity generation) at the higher temperatures for which it

was suited. Professor Luigi Mendia, in a very interesting paper,
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showed that environmental pollution and technological exploitation
tended to occur in a more or less constant geographical relationship :
wherever there was high technology there was also high pollution.
Professor Di Giulio pointed out that all human beings are small chemical
plants, (all with a more or less standard capacity for producing
pollution). He drew attention to the need to approach pollution
and related questions on the basis of cost/benefit and risk/benefit
analyses : for example, the "pollution" caused by certain pesticides
was overwhelmingly compensated by overall improvements in crop yields.
This argument was indirectly supported by Dr. Atsumi, in a paper
entitled "corroborative harmony in macroscopic and microscopic
approaches towards understanding human beings" : a paper which
suggested that the laws of thermodynamics were almost certainly
applicable, with appropriate precautions, to the analysis of societal
behaviour.

Next there were two papers, by Professor Simiscalco and
Dr luzzatto from the Cornell Medical School in New York, on the relation-
ships between genetic transmission and the environment. Their
principal conclusion was that important environmental changes should
never be permitted without prior consideration of their possible
genetic effects. Dr. Luzzatto examined various ways of defining -
or attempting to define — human race and variants of the human species,
discussing also the much debated question of human genetic manipulation
and its possible implications.

Finally, perhaps I may mention that I myself took part in this
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Session, trying to show how many of the concepts of "pure science"

could be applied in analyses of culture and society. My talk (the

last "formal" presentation of the Session) was essentially a link leading
to the following Session, dealing mainly with information. As other
speakers have already shown, the assembly and transfer of information
(communication) will be an extremely important factor in the future

of human beings and human society. Which gives me the chance to

mention that the basic subject of the next DISCOVERIES Symposium, next
year in Paris, is to be "Communication in Human Activity". I am

sure this is a most excellent choice which will lead to some very

valuable discussions and conclusions.

Professor Caianiello

A famous historian once said that there were two kinds of
historian : those who wrote about history and those who made it. I am
not usually a silent man but on this occasion, on purpose, I decided
not to produce any written contribution of my own. Instead I have
found the organisation of the Symposium - the putting together of the
people and of the programme - a quite fascinating and a very rewarding
exercise.
Now to conclude this concluding Session, we have envisaged
a short period of general discussion, and I would like to ask if there
is anyone in the audience - not one of the speakers or Session Chairmen - who

would like to start us off with a question or a comment.
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Dr. V. M. Jorio (Italian CNEN)

I have a comment, and a question, derived from Professor Simon's
remarks about the "wall of complexity".in computer programs — which
could evidently have '"real life" equivalents in complexity barriers
in, for instance, societal organisation and functioning. It seems to
me that, if we pursue this concept of complexity to its limit in a
societal context, we shall come to a point where the resulting errors
and malfunctions are intolerable and probably disastrous. This will
lead to a search for simplification... for example by way of revolution
which’is a violent simplification in a complex society. Similarly,
in economic and political relations between two or more states,
complexity in certain fields may become particularly serious or large,
and another simplification could be through war.. But in a different
context, complexity between cultures due to different humanistic
or scientific characteristics, or different origins such as East or
West, could lead to situations which even violence could not resolve.
So I would like to put the following question : Is it possible to find
simplifications within society, within culture, in order not to butt

against a wall of complexity?

Professor Nevitt
That question, I think, is fundamental to our whole approach
to world problems, whether in DIBCOVERIES or elsewhere... and to
answer it I believe we have first to examine the origin of the complexities

confronting us. I believe a large part of these complexities results
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from our having, with our advanced and still fast-developing technology, inad-
vertently (that is unintentionly), created a new world which is
different in many characteri;tics from the world in which our thinking
first developed. This is at least true of scientific thinking in the
Western world. We have in fact pushedthe Galilean approach - so
successful as far as our scientific work was concerned - into every
other area and we have so created a very different new world, a

world of "instantaneous” information which surrounds us and which has
changed all the old rules so far as our psychic and our social life is
concerned... and this has caused us to retrieve something from the
ancient world; something that we might call Oriental awareness, which
has not been through our Western development process. It is an
awareness like our childrens' awareness of the world, for our children
also have not yet been through our development process.

Now 1 am certainly not going to advocate abandoning that develop~
ment ~ giving up the "graund rules" developed in the nineteenth century,
which enabled us to operate our nineteenth century industry very successfully,
and created in fact the greatest industrial culture the world has ever
seen. We are certainly not going to abandon all that, so we can be
confident that its methods of thinking and production will continue
and will spread. But on the other hand, the "information explosion"
as it is often called, or information overload, has been found to lead
to what has been called "process pattern recognition”. This is a
phenomenon that requires us to use all our wits and senses, to discover
new methods, new symbolisms, and new assumptions with which scientists

can deal with the new situation. Notice, it is not to replace the
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scientist's existing methods, but to add to them when he comes to psychic
and social questions. We are living in an entirely new environment
of simultaneous experience which cannot be translated into the
sequential and logical patterns of traditional Western thinking which
is so highly successful in its own environment. And I am convinced
that much of the complexity confronting us results from attempts
to do this impossible translation.

So a first answer to the question we had about simplification
as'a way to avoid the "wall of complexity" is to recognise that the
wall may largely disappear if we think differently about its causes,
and its composition. At present, too much of our thinking is devoted
to explaining the obvious : we do not need mathematical models to
explain the existence around us of things we can plainly see, plainly
perceive, and to use mathematical models in such situations is to misuse
them. These are situations where we need our human awareness, whether as
scientists or as humanists — Eastern or Western - to understand directly in
human terms without the intervention of models or symbols.

To me, this is one of the most important things that DISCOVERIES
is trying to do. It is the difference between DISCOVERIES and the
Club of Rome for the Club of Rome concentrates on taking past experience,
building it into different kinds of models, projecting it into the
future and trying to scare us to death. Now this is perhaps necessary
in order to get action, to make us all think, and that is a perfectly
legitimate thing to do. But if we start using a Club of Rome model

as a programme, we are in fact using it to cover 'up the real problems
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of what is happening right here and now, and diverting our resources
to something which need not happen at all.

Coming back to walls of complexity and ways of simplification,
therefore, I believe that we - Western scientists ~ have to extend
and widen our methods of work and learn to tackle the whole of the
problem of discoveries in the psychic and the social world on terms
which are not the terms of Galileo. Galileo's terms have been
immensely valuable, and will certainly continue to be immensely
valuable. But as scientists we have to recognise their limitations.
We are confronted with a psychic and social world — a society - which
is completely without bounds or limits and that is @ world for infinite

exploration and discovery.

Professor Simon

Perhaps I should emphasise that my "wall of complexity" concept
is related only to logical thinking, what I called computable thinking.
I wanted to show the limitations of computable thinking and of logical
thinking. I was certainly not suggesting that we need not use other
parts of our brain or have other approaches in lifer In fact I
underlined the distinction made by the Greeks in dividing thought into
two parts, one called Logus and the other called Metis. The Metis
part is always there and always going to be with us, but it is absolutely
sure that logical, rational thinking is now the basis of very much of
our work and of our organisations, and that it is going to be with us

for a very long time. And I see no reason why we should suppress it :



we have achieved tremendous advances through logical thinking, and I
am in complete agreement with Professor Marshak when he says there
is no reason to abandon that approach and that attitude in life.

But I also maintain that if we push it too far, and if we
think that everything is logical in our sense, then we are facing
this wall of indeterminable errors which we encounter when we try to
put a very large program on a computing machine. Now let me add
something which I did not say in my brief intervention : namely that if
we have to consider not one but two very large and complex systems
or organisations, we shall be confronted by such an enormous number of
errors that nobody, no politician, no scientist, can have confidence
in our results. Our answer can only be to reduce our organisatioms,
make them individually self-sufficient but interactive with one another,
so as to avoid the impression of uncontrollable disaster that now we
encounter in our society.

In all the Sessions of our Symposium here, the high level
political people who have talked to us have conveyed a sense of disaster.
What is the cause of that sense of disaster? It is because each one of
s is equipped with a certain, limited understanding. We can understand
a certain number of things, we can cope with a certain number of things.
But if sometimes we circulate in society and 'collide" with a larger
organisation or system than we are able to comprehend, then we ourselves
are confronted by a "wall of complexity", leading to uncertainties and
errors which we cannot resolve. And this makes the man-in-the-street

absolutely mad: it is why we have so much unrest and so much dissatisfaction.
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Professor Quagliariello

I think this question has special significance in the context
of what Professor Ekong was telling us concerning the transfer of
technology in developing countries. If I did not misunderstand him,
Professor Ekong stressed the important point that this transfer often
brings about a violent reaction with local cultures. It would be
very helpful, I think, if Professor Ekong could expand a little on

this point, which I think is a very important point indeed.

Professor Ekong

This is a very complex matter, but there is no doubt that technology
tran§fer can be destructive in developing societies, and the destruc-
tion is worst when the transfer comes from outside, and is really directed
not so much by the interest of the local society, but rather by that of the
society from which the technology is transferred. That is to say,
sometimes it has to do with the interest of a colonial power or a ruling
elite, and sometimes it has to do with the exportation of an end-product
of technology from an industrialised country. What is really
required, as I tried to emphasise, is that the developing countries
themselves should take charge, and instead of being consumers of end-
products of technology they should themselves become involved in the
development of science and technology within their own borders. Such
a process, in my own country, is often referred to as the indigenisation
of science and technology : in fact it involves not only science and

technology but also the social sciences... because the minds of the
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people have to be prepared for and brought into the world of science
and technology, for it is very harmful for them to be mere consumers
of the end-products of technology without having some understanding
of the scientific foundations of that techmology.

Furthermore, I believe the industrialised Western countries
have much to learn themselves from such a "real" transfer of technology,
for often in a developing country, with a structure in some ways much
simpler and more self-contained than its highly developed partner,
it is a great deal easier to monitor and measure the effects of

innovations, both in the technical and the societal fields.

Professor Di Nallo

I share entirely and strongly support the views of Professor Ekong.
He is particularly right to remind us that, in the so—called developed
countries, it is extremely difficult or impossible to find a sufficiently
isolated cultural model to enable the effects of a particular change
or impact to be observed, let alone measured. This is because all
available models are overlapping, extremely complex in their inter-
relations, as well as internally complex and confused. On the other
hand we often find thitithe very same problems which exist in the
so—called developed areas exist also in the underdeveloped areas,
being in both cases a synthesis of two main elements, that of marginality

+ P
and thit of extraneousness . This is not the proper moment to expand

4 Marginality as regards production concerns those areas of culture
which cease to have significance in the process of production : it
occurs in the transition to capital-intensive investment from labour-
intensive investment, from simple mechanisation to automation.

There is extraneousness when those who participate in productive processes
do not participate im the rest of life, in the place where they live and
work. Thus these persons have no involvement with society on a

cultural level; and they do not sing in the same way or in tune with

those around them, they do not have the same imagination, or dream the
same dreams with the same images, in short they are what we call
alienated... separated from the rest of life.
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on these two elements, but both exist in developed and in under-

developed countries.

Father Carrol

Listening to those who are urging a more rigorous use of
models from the natural sciences in the social sciences, I have an
impression that there is an idea of trying to structure a plan and
create some sort of an ideal society in the future. I doubt whether
this is consciously in anybody's mind, but sometimes I get the feeling
that it may be an unconscious assumption, and this is why we are worried
about the ineffectiveness of some of the models which are used in social
science today.

Now this may be part of my own personal philosophy, though I
think itiis supported by at least some psychologicai data, but I doubt
very much whether one nation can develop another natidn, and I am sure
that no elite .can develop the people of a nation.  The people must
develop themselves just as a nation must develop itself.

So I am rather glad that we are not in a position to predict
and control the development of sccial structures with perfect reliability.
I should be very worried if I thought we, as social scientists, were
anywhere near to doing that I feel myself that the role of the
social scientist atithe moment is to examine and report on the results
of "interventions" being made all over the world — all the social
experiments which are going on in the developed and underdeveloped

nations - so that a growing body of experimental data will be available
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to future policy makers who may perhaps then avoid making the same
mistakes over and over again. I would think thatiwould be a-reasonable

role for the social sciences today and in the forseeable future.

Professor Marshak

We have heard about scientists and poets, and strangely enough
I want to talk about the poets. For quite seriously, I think that
among the groups we have really forgotten in our discussions are the
people from the humanities. We have talked about science and the
scientist - the natural scientist and the social scientist, but we
have hardly mentioned the poet, and even when we have mentioned him we
have really been thinking of him as a social scientist.

Now following the reasoning of Professor Simon, Itiseems
to me that the natural scientist today is trying to say that the
Galilean approach has led to some non-Galilean results such as non-—
Galilean physics. He is telling us that modern science indeed has all
the probabilistic elements, the evolutionary elements in its models

which might be of interest to the social scientist. The belief that

all modern science is entirely deterministic, in fact, is a misunderstanding

So I think I could quite happily compromise with Professor Simon and
agree that we should seek computable models rather than the straight
scientific models in modern physics which are very complex and perhaps
require an inspired guess; but I would be very unhappy if we were to
try, on the time scale of the next few decades, to make all social

scientists go through an Aristotlean regime of perceptual data gathering



367.

over a long period of time when perhaps some conceptual approaches
would work. And that really brings me to the humanists, and to the
contribution they surely have to offer to our work. It is the
humanists who can give us the value systems that we need, so I am sure
we must bring them into our discussions and meetings like this in

the future. It is the humanists — the artists and the musicians and
the poets — who are the value makers, and they should be making a
contribution to this dialogue. Otherwise I think a very important

element will be missing.

Professor Apostel

There has been a lot of talk about values, and I agree that
values are extremely important. Now, in the past, values have
usually been proposed, to large groups of people, by poets and by
prophets, by founders of religions, and sometimes by political agitators
(informed or nat informed). Although, in fact, we have developed
quite subtle processes for improving the instruments of our actiom,
we have not developed subtle and flexible processes for defining the
foundations of our value systems, and in this respect we are still
very primitive. Indeed, there seem to be no really informed opinions
about values : if we think it right to consult poets and musicians and
so forth, why should we not similarly consult stones about geology?
I am sure that the poet produces values but that he is a very bad
statistician; I am sure the political thinker who is not informed as

a scientist of political life, when he introduces certain veetors for
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human action, does not know what he -is doing. So it seems to me that
if scientists are willing to surrender their privilege of dedicating
themselves to finding new value systems, to poets, prophets or
religious people, they are really abandoning their very birthright.

I am in fact opposed to leaving to the humanities people (I
can say this because I am one myself) the task of proposing new value
systems. Value systems when proposed by humanities people become faiths
and faiths can lead to killings. I do mot want to be aggressive
towards Father Carrol, because I am sure that his order is not of that
type, but in the past, faiths have been very dangerous, and I am afraid
of them. I believe the discovery and the proposal of new value systems

should be done by scientists.

Professor Scott
I think it should be pointed out that people have also killed in
the name of science. As to consulting stones about geology, that is

not done because we know the stone will not answer.

Professor Caianiello

May I just remind all my colleagues that there are faiths in
science, whether we are prepared to call them by thkt name or whether
we prefer to mask the reality in phrases such as 'rules of the game”.
A very greatifriend of mine, Professor John Archibald Wheeler, once
assembled a list of the dogmas that a scientist has strictly to believe

in if he wants to attempt any science atiall : "That things which are



complex can be reduced to things which are simple or at least

understandable”; "That the unknowable may be known..."

altogether there
were seven such dogmas in the scientists Credo. And all these dogmas
reduce to the scientist’s admission, within himself, that he is
ignorant... that the more he knows the more he realises he does not
know. That is the difference between scientists and (at least some)
humanists.

Then a scientist must believe in his tools, such as the Galilean
method, including the application of that method to itkelf as scientific
understanding develops and matures. And, just as there have been
upheavals in whatiwe might call "conventional' faiths and religions,
so in the faiths and religions of science, as for example in modern
cosmology. So please do not think that scientists are without dogmas,

we are the most religious people in the world.

Professor Linstone

It seems to me that the most important lesson of these few
days in Rome is the interdependence of all knowledge and understanding,
and the realisation that many different symbolisms can be used to express
what are basically the same things. What we need is a proper balance
between reductionism and holism, and I think in many ways Professor Prigogine's
talk was a beautiful illustration of holistic thinking, between science
and non-science (if such distinction really exists). We often come across
in these times the implied rebuke that anything which is not scientific

cannot be legitimatie. In fact, I begin to worry when any area of
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activity has the word science in its label, because the things that
to me are the most representative of science are things like physics,
chemistry, biology, whose meanings are understood without the need to
include the word "science". In contrast, at least in the United States,
things such as "homemaking science" seem to me only on the fringe of
"real" science.

So I come back to the need for balance. During our Sessions
I think we have all widened our concepts of rationality and of the
variety of methods and systems for enquiring and learning about the
world around us. We have seen that not all concepts and methods of
thinking involve data and verification, the construction of models
and verifying them with experimental data; yet nevertheless these
concepts are extremely important and practically useful, and I would
suggest in this context that we should go on talking about them, in
various ways and from various angles, for they represent part of the

balanced approach that we all need to maintain.

Professor Nevitt

I want to go back to a remark by Professor Caianiello, at the
beginning of our Symposium, about the importance of asking the right
questions; and in that respect we should note that science has to do
with the understanding of knowledge while discovery has to do with the
understanding of ignorance. And if we as people, not as scientists
but just as people, can get together and talk about our ignorance, we

can make discoveries by sharing that ignorance.
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Now, there are two possible ways of going about this. The
scientific way is to examine causes and effects, and propose some
hypothesis relating the one to the other. But the artist (and by the
artist I mean the poet and the human humanist... who is also the
humane humanist)starts from the effects and tries to discover in these
effects how to create and share with someone else what he has
experienced. This is true communication, human and humane, and each
time it is achieved it is a miracle. For if we think that it can
be performed every day by finding a language which everybody can agree
upon, then we are asking that everybody think the same way we do, that
everybody be reduced to our language and that we all reduce the world -
with its marvellous variety and its diversity of cultures - to
something more like an ant heap. .

This is certainly not the aim of either science or humanism,
but it can be accomplished inadvertently or unintentionally if we.force
wr scientific modes of thinking upon society. So I would ask you to
veflect, if you find it difficult to accept thought processes other than
those which seem "scientific” to you that all knowledge creates forms
of ignorance. There was no bad grammar or bad spelling until we
learned to read and write. Jobs created unemployment : there was no
unemployment until man was brought to the market where he had to sell
his labour. And there was no unemployment among women until "liberation"
movements took over and brought them also into the market.

May I conclude by expressing my complete agreement with Professor

Marshak when he advocates that we should have people who are non-scientists
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(and deliberately non-scientists) in meetings like this Symposium. On

the other hand, we should certainly not exclude scientists, because

scientists also are human beings.

Professor Caglioti

I am sure we can all agree with those last remarks. On the
other hand, I do think that future material developments will always
be based more on the growth of scientific and technological activities, so
that without scientists and technologists they will not take place.

I am sure also that we are all convinced that technological
advance must not be confined to the already advanced countries : there
must be a continuing transfer of technology from more-developed to the
less~developed countries. This transfer, at a time of energy crisis
and resources crisis, means redistribution of labour on a world-wide
scale, and also restructuring the economies and the industrial activities
of the more advanced countries. So we are faced by two main problems :
first, the redistribution of labour, and secondly the reorganisation and
restructuring of the whole economic framework of the already industrialised
countries. This is far more than a simple matter of material re-arrangement :
it embraces basic societal tenets and traditions, and is hard to conceive unless
accompanied by a sociological survey of the ethical and cultural effects
involved.

To illustrate the type of problem that can arise, I will conclude
with a story from Vietnam, some years before the Vietnam war. The

renowned "green revolution” stimulated and brought about by the United
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Nations and associated bodies, enjoyed the same great success in
Vietnam as elsewhere, but wherever it arrived it brought unemployment.
This was because the huge machines for the expanded cultivation of
rice on the one hand required minimal human labour for their operation;
and on the other hand, being unadapted for cultivating or harvesting
small plots of land, they nonetheless rendered the traditional hand
cultivatfon of these plots completely uneconomic. Furthermore, after
a fourfold increase in rice production in a single year, the following
year the farmers objected to sowing the crop on the grounds that to
produce more at that time was not necessary. Further investigation
showed that there was a basic opposition to greater production of rice
because the men wished to avoid their women being pushed into a
consumer-type society, many characteristics of which they saw as evil.
I believe this story is important because it demonstrates the
essential need, before introducing new techmology or any other innovation
into a stable society - at whatever level, of checking the values in
that society and avoiding brutally disturbing them. We should not, in
fact, consider any more new technologies in isolation, but we should

always consider them in relation to local values.

Professor Caianiello

I can think of no better concluding remark to our discussions.
Before declaring officially closed the session and the Symposium it is
my duty and pleasure to convey our immense thanks to the Italian authorities
to all the participants,to Dr. Honda for rendering the meeting possible and
for being so attentive to all our work (he has in fact been with us every
single minute) and to all those who, behind the scenes, have ensured that

the"mechanics” of the meeting worked so completely smoothly.

I delare this Second DISCOVERIES Symposium closed.

000000000 bma - 7/78
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