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at the McDonnell-Douglas Astronautics Company, serving variously
over 16 years as chief engineer of the Saturn Program, test conductor
for the Thor and Thor-Launch Systems, and director of Advanced Space
Systems and Launch Vehicles. He was responsible for defining, execut-
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station, boost vehicle, and interplanetary programs.

He has served as consultant to many large organizations including
Northeast Utilities and the American Council of Life Insurance. He has
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related associations. He has also served as Regents Professor at the
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Future; Ideas in Conflict; and Ahead of Time with Harry Harrison. A
Technology Assessment of Life-Extending Technologies, with Herbert
Gerjuoy, is currently in the process of being published. He has con-
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Theodore J. Gordon: "Social Impacts of the Future Technologies”

President, The Futures Group
Glastonbury, Connecticut

Delivered on January 30, 1979 at the ILutheran Brotherhood
" Colloquium on the Church in Future Society

My charge this morning is to discuss technology and
social change, and we will do so over the next hour. That
discussion will be threatening. As we poke at the corners
of this tapestry of change we'll cover topics that range
from the molecule to the universe, whose impacts on us all
are instantaneous or near infinite in duration. These
technologies promise to raise fundamental questions about
who we are, about what we are to become, about the way we
live and the reasons for being. We will touch in this
exploration on food, longevity, immortality, robots, energy,
resocurces, the mind, life in space, automated vacuum cleaners,
weather control. In short, the canvas in front of us for
the next hour is very broad indeed. I've kept this dis-
cussion to the near-term. This is the knife edge of the
knife edge, of Dr. Platt's. I've dealt only with the
probable. These are almost tangible. These are changes
that are literally here. The speculation about what lies in
the middle of the next century is not part of the talk this
morning. This is the next 15 years that we concentrate on,
and primarily the next 15 years in our country, our time.

Here is the road map. I intend first to deal with four
basic technolcgies. These are technolcgies which, it seems
to me, are fundamental, and will make life different for all
of us and for those who come after. These technologies are
biomedicine (longer lives are coming), electronics (robots
and automated intelligence are coming), resources {(cheap
energy is not around the corner), and genetics (the design
of living organisms is at hand). Having discussed these
four technologies, I will then talk about long shots, those
lower-probability but high-impact developments, which if
they were to occur would be profound. And finally, toward
the end of the hour, I want to recapitulate and reflect on
the meaning of these changes, at least in my view, for our
thinking, for our organizations, for our institutions, for
our planning. What difference does it all make?

With respect to biomedicine now, the first of these
technologies. If we loock at tables of life expectancy only
since the turn of the century in our country, we find that
newborn children in 1900 had a life expectancy of about 48
vears. By 1977, this had increased to 72 years; in other
words, a newborn child in 1977 could expect to live to about
that age, 72 years. Women, newborn girl babies in 1977,
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could expect to live to 77 years, and men, boy babies, 68
years. It doesn't sound quite fair, but that is indeed the
statistic. Women live longer than men and appreciably so,
68 to 77 years. This gap between men and women in terms of
life expectancy is real, although the cause for that gap is
not well-understood. Some people believe that as women
enter the labor force and smoke and drink and feel the same
kinds of stresses as the rest of us, those curves will tend
tc come together. Other people argue that there is a bio-
logical difference that explains the longer longevity cof
women and that those curves will not come together. Eut one
thing is clear, that as long as that difference exists, and
it will certainly for the period of time that we are dealing
with here, the older society in America will be largely
female, and the older we look at the strata, the older that
we cut it, 80 years and above for example, the more female
it is likely to be. So that when we talk about the aged in
America, we're talking largely about old women. It's true,
it's not meant to be funny or clever. BAnd it looks likely
to remain true.

If we look at these same life expectancy curves, not
life expectancy at birth, but life expectancy at middle age
and advanced age, we find a different phencmenon entirely.
There has not been much progress here. Life expectancy at
age 40 in the year 1800 was 28 more years. Life expectancy
at age 40 in 1977 was 32 years. In other words, in that same
century, the same 77 years when such great progress had
been made in terms of life expectancy at birth, only four
years' imprcvement in life expectancy at age 40 have occurred.

There are several reasons for this disparity between
growth in life expectancy at birth and life expectancy at
age 40. First of all, the curing of the diseases of child-
hcod largely explains this great increase in life expectancy
‘at birth, and the diseases of middle age and advanced age
have proven very difficult to conquer. These are heart
disease, cardiovascular disease of various sorts, and can-
cer. A second reason for the lack of progress in life
expectancy at middle age has been simply that as one moves
closer and closer to some absolute age, it's not very likely
that we'll see much improvement. For example, if I had
described to you improvements in life expectancy at age 100,
we wouldn't expect to see ever, at least under our present
circumstances, much improvement in that life expectancy. §So
the further one cuts that curve, the further one moves
toward some ultimate age, the less improvement one can
expect. Now the forecast is that that situation is going to
change. Life expectancy at middle age and advanced age will
improve, and immediately, and it's doing so now. Life
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expectancy at age 4C has improved two years over the last
two years. And all that has to happen is for that to keep
up for a while and we'll all be in good shape. A year
improvement per year gives us all a very good chance at cld
age, Godspeed.

We looked with some seriousness at the technologies
involved in biomedicine. We talked with people who were
doing bench research, we talked with people who were funding
these programs, and as we surveyed this field of bicmedi-
cine, we found that we could divide the research into two
general classes. There was the class of technology that we
might call, at least at this point, conventional. These are
technologies that are directed at early diagnosis, disease-
curing technologies, and extension of current medical
ethics. These technologies, if they come to be, and it
appears that they are coming toc be, have the effect of
allowing more people of middle age tc live to ©ld age. And
0ld age itself, the maximum age to which people live, let's
say, dces not increase very much, it's just that more people
of middle age can live and experience an old age.

If you will imagine with me for a moment a survival
curve in which we take a sample of 100,000 people at birth
and track them over their life span, we find that as age
increases, fewer and fewer people remain until finally when
we get out to about 100, almost nobody is left. The effect
of this first class of technologies is teo square that curve,
to make it rectangular, to move it out. In the limit every-
one would live to 100 years, and then on their 10lst birth-
day everybody wculd die. That would be a perfectly rec-
tangular curve. For this reason we called this class of
technologies curve-squaring. It is a very certain world
that a curve-squared world raises to imagination. In this
world one knows when death is to be expected, the actuarial
tables have to change, insurance rates are very different,
inheritance is very different. What man at 95 would leave
his fortune to his 75-year-old son, for example? So this
world becomes more certain and the mores of that world
change from what we know today. Now mind you, I'm not
projecting that in this time period we go to the curve-
squared world, only that progress in medical science is
moving us in that direction and is doing so now and rapidly.
We expect to see the take-off of the curve of life expec-
tancy at age 40 duplicate roughly the take-off in life ex-
pectancy at birth that happened at the turn of this century.

Now I told you that there were two classes of tech-
nology that we discovered, one the curve-squaring sort. The
second had the effect not of curve-squaring, but of moving
out the intersection, that is, the oldest age to which people
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could expect to live. This is much more prcbhlematic, much
less certain. There is a group of scientists in this
country and elsewhere who are beginning to treat aging
itself as a disease. There is no one who understands pre-
cisely what aging is, why cells die in an organism. The
symptoms are clear enough, certainly. We're all too famil-
iar with them curselves. But why do cells die? This is at
the pre-theory level, actually, this science that I am now
describing. There are a dozen theories, all contradicting
or reinforcing in some way not yet discovered, that have to
do with the explanation for aging, the treatment of aging as
a disease. The immune mechanism, for example, is one
theory. Some scientists believe that because of mutatiocns
caused by ceosric rays or chemical irritants, cells in the
body are recognized by the immune mechanism in the body as
invaders, and the immune mechanism sets up and kills them.
Others believe that abnormal oxidation takes place at the
cellular level. Others believe that we are self-poisoning
through scre kind of timing mechanism in the pituitary. One
scientist believes that the pituitary, for example, excretes
a poison which he has named thanatin, and the body accumu-
lates thanatin over time, it can't pass it out and it is a
self-poisoning mechanism, and that is aging. The list is
much longer than this, but ycu get the pcint.

Almost all of these scientists can pcint to laboratory
animals with which they've experimented, and show you that
these animals have lived longer than their allotted time, in
some instances by a factor of 2 or so. Cne famous set of
experiments that is now 2-1/2 decades old or so, relates to
some pre-adclescent laboratory rats. A particular protein
was withheld from their diet. These animals did nct go
thrcugh puberty as leng as that protein was withheld. They
stayed pre-adolescent. They were very sick rats, I might
add, but they didn't go through puberty. They bled easily
and they caught colds and things like that. Once the pro-
tein was reintroduced into their diet, they went through the
transition to mature rats, and lived the rest of their life
rather normally.

There is much to be learned here. The effect of these
technologies will not be felt for decades and decades. If
one were to imagine a cure for aging (that's really what I'm
talking about here) or some means of modulating the rate of
aging, the effects of that demographically would not be felt
until the middle of the next century. These kinds of tech-
nologies we call life-extending. And if we imagine again
that survival curve, the effect here is not to change the
shape sc much as to move that intersection out, so that
maximum age moves from 10C to 120 to 150, and where that
ultimately leads nc one is sure.
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Let me deal only with the curve-squaring techrnclegies,
to keep my promise to ycu that I was going to stay near-
term. What are the effects of these technologies? Less
than you might think with respect to democgraphics, with
respect to the number of people over age 65, for example.
The effect on demographics will be real, but not felt sig-
nificantly until after the 1990s or the year 2000. Where
then is the effect? It is in the level of health and vigor
felt by most people. A 65-year-cld in this 15-year time
period becomes more like a 55-year-old, a 70-year-cld more
like a 60~year-cld, and an 80~year-old more like a 70-year-—
old.

This leads immediately to questioning cf retirement,
retirement practices, the nature of retirement, the nature
of work, because these clder people will have tc be re-
defined in terms of our thinking about their capability. We
projected, when this work was being done about two years
ago, that retirement age would increase, and gave testimony
for the recent legislation associated with that topic. Ve
thought that retirement age would increase because social
security and pension funds wculd fail without that change.
We felt that it would increase because clder pecple in
retirement, when interviewed, cften say they would rather be
working if they could, but the economic system that we've
invented for clder people prevents them from doing so. They
cannot get their social security if they have income. And
we found, finally, and poignantly, that when pecple feel
useless, they tend to die. Their life expectancy shortens.
So for all of these reasons we felt retirement age would be
likely to increase. And we think it will. By retirement
age, I don't mean age of first pensions. I think age of
first pensions will continue to diminish. What I mean when
I say age of retirement is the age at which people choose
voluntarily to leave the labor fcrce. The pattern that we
see emerging is the age of first pensions continuing to drop
or remain constant, people taking those pensions and then
going on to do something that they really want to do with
that economic underpinning, and continuing to do it either
as part of the recognized economy or as part of the under-
ground economy, getting their income in cash, unmeasured,
into what we would consider today to be o0ld age.

This raises some very significant questions about the
nature of the labor force in this 15-year period. Women
continue to enter the labor force. The age of retirement
continues to grow, in the way that I just defined it. And I
will tell you before we are done this morning that robots
will also be entering the labor fcrce, and replacing people.
Those are three competitive forces for jobs: women, in-
creased retirement age and robots. There is one force that
tends to minimize the competition for jobs, and that has to
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do with the reduced rate of entry into the labor force of
18-year-olds. If you lock at the demographic curves, you
find that the peak of the World War II baby boom, which
occurred in 1960, means that those born in 1960 are now 18
years old. From now on the number of people reaching 18
years of age diminishes year after yvear after year. That
suggests that everything associated with 18-year-olds starts
diminishing in our scciety, as of now. That includes auto-
mobile theft, for example. We can expect to see the rate go
down. It includes pressures of entry into the labor force,
which is the point that I'm making now. So out of this
biocmedical technolcgy comes this whole re-thinking about
what work means, and the competition for jobs between young
and old, men and women, machine and man. The political
clout cf the aged begins to increase. Changes in values
associated with suicide, the nuclear family changes. Let me
talk about that for a moment.

In one of the scenerios, where we included not only
curve-squaring, but life-extending assumptions, and we let
our computers run out into the next century, we found that
(and this is not a forecast, this is just the result of a
set of assumptions about those technoclogies) toward the end
of the next century, if a family patriarch called a picnic,
to which he invited all of his living relatives, he would
need a room larger than this. He would be inviting some
2,000 people to his picnic. The extended family in that
time pericd is really something. Think of the problems of
drawing his family tree.

Within biomedicine we reach this observation about a
particular sub-technology: nutrition is an emerging science.
Nutrition, that is what we eat, relates to both classes of
technologies. It relates to both the curve-squaring and the
life-extending. We found examples of nutrition affecting
both classes. I gave you the protein experiment where
transition to mature animals was controlled by nutrition.
There also seems to be, on the curve-squaring side, a rela-
tionship between what we eat and diseases that we get. Some
foods are poisonous, not in the sense of immediately causing
death. We discovered those kinds of foods 50,000 years ago.
You ate the mushroom and you died so people didn't eat the
mushroom anymore. But there is a second class of poisons,
apparently. You eat the food and your chances of getting a
disease some years later change statistically. People who
smoke know the kinds of risks they are taking as a result of
smoking, that's true, absolutely true. Less certain from
the statistics is the relationship between ingestion and
fatty foods, for example, and later heart disease. Those
kinds of relationships between what we eat and what we do
and where we work and the environment around us and later
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disease, constitute a frontier of science about which we are
going to learn a great deal more between now and 15 years
from now. It will become the political fccus for organ-
izations like OSHA, which will focus on employee health,
rather than safety, and EPA, Environmental Protection
Agency, which will focus on issues cf health in the en-
vironment. Viruses in the water supply, how it is that
living under fluorescent lights affect your later health,
these are politically acceptable, viable and important.

Let's take the second technology now, electronics.
John Platt talked about some aspects of electronics in
communications and I agree completely with him about the
fundamental nature of this transition. At the end of World
War II we had an electronics discipline which involved
electron tubes and hand-wired circuits, and ladies that
soldered these resistors and condensors by hand. We went
from there to the transistor, which replaced the tube. But
the real change did not come until the transistor and
components which went with the transistor (the resistors,
the condensers, the coils) were all photographically printed
on silicon chips. This is called large-scale integrated
circuitry. It is the technology embodied in your hand-held
calculator, in your electronic watch. The Friden that John
Platt talked about: the machine cost $500. An electronic
calculator that does the same job can be bought now for
$4.95.

This technology is profound in its emergence, because
the cost per component has been dropping by a factor of 10C
every 10 years, while the capability of the circuitry has
been increasing by a factor of 100 every 10 years, and both
of those trends have been going on simultaneously. It leads
now to electronic watches that are $10 or so and disposable,
can keep time to 15 seconds or 10 seconds or five seconds a
month, which almost instantaneously could replace chronology
of the last 400 years. Or chess, being sold as games. As
recently as five years ago that was a very, very tough
problem for computer programmers to solve, the chess prob-
lem. Now you can buy a chess game; there are three on the
market, one is called Boris. Boris not only plays chess
with you (you program your move into a little calculator-
like device, and it comes back with its move, and you move
the pieces on the board), but every now and then Boris will
say, in LED letters, "I expected that," and that really
shakes you up. But if things get too bad with Boris, you
can press a button which says "reverse," and Boris has the
position that you formerly had and you've got his position.

There are now home hobby computers. One can buy a
computer over the counter. We have such a computer at our
house. It's made by Commodore, the name of the machine is
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the Pet, and it's really gquite apt. It is a pet, it's just
a terrific machine. We use it for many, many things, but
I'11 tell you just one anecdote about cur home computer.
First of all, it cost $800. It is comparable to a machine
which five years agc would have cost $15,000, to give you an
idea of the speed of the drop of cost. It's all nicely
packaged. It's a little appliance that sits on our desk in
our den. And one of the first programs that I wrote for it
was a decision program, to help someone who is using the
machine make a decision. It speaks to you in English, you
don't need to use FORTRAN to speak to this machine. In
fact, one of the first applications my wife made of this was
to help her decide what camera to buy. The machine on its
cathode ray display says, "What are you considering?" She
says, "Nikon, Nikkormat, Olympic." Then the machine says,
"What are the criteria on which you will base your deci-
sion?" ©She says, "Size, weight, maintainability, time to
failure." And then the machine goes through all the per-
mutations, and it says, "For the Nikon, what is the weight?
For the Nikon, what is the time to failure?" and so on, all
the permutations. Then it asks for scores, and multiplies
the scores out and gives a rank-ordered listing of the
highest~-scoring camera. She always buys the most expensive
anyhow, so it's just a guide!

Well, I came home and saw our soon-to-be-graduated-from-
high-school son, sitting at the machine, he didn't know
computer programming either, but he was fascinated with this
decision program, and I looked over his shoulder, and saw
that he had girls' names there. He was deciding with this
machine whom to take to the prom. And his criteria were
something else! These are friendly machines. These are not
those clanking robots that scare us; these fit in, in human,
friendly, useful terms. That is the point really that I
want to make.

Texas Instruments just introduced a device called
"Speak and Spell." Again this is mind-boggling in terms of
the speed with which this particular technology has come to
pass. This machine speaks. It's designed as a toy, but the
technology will become clear enough to you as I describe it.
There is a keyboard on the machine, and the child is asked
by the machine voice to spell a word like push. He will
type in p-u-s-h, and the machine will speak to him and say,
"That's right, now spell run." And he'll type in run, and
if he misspells it the machine will say, "No, that's wrong,
try again." The speaking of the machine is not done in the
trivial way that there is a tape playing back, it's done
from digital, programmable, read-only memory; that is,
memory that is in the form of stored information, which can
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be called on to speak back to the child. 2nd if we have the
talk-back, we have the talk-into literally arcund the
corner. There are automated translators on the market now:
type in a French word, get the English back, or vice versa.

Where does it go? It goes to appliances in the home,
automated vacuum cleaners that will sense when the rug is
dirty and it's not Sunday morning at the same time, come out
of their hole in the wall, vacuum the rug, dump their load
at the appropriate place and recharge. It goes tc elec~
treonic funds transfer systems which we see springing up
everywhere now, the ability to move funds electronically
either at the individual level or the wholesale level. It
goes to robots: robots in the factory, robots that can
reason, robots that can create. In almost any human term
create: create art, create music, solve problems, learn
from their experience. And of course, applicaticns to
education and video transmission of information are enor-
mous.

The third technology, resources. I'm going to limit
myself here to only two aspects: energy and food. With
respect to energy, we imported about 30% of our il in 1974,
and currently, despite the price increase of 0il and the
notcriety that the energy problems have received, we import
about 50% of our oil. We believe that there is no tech-
nology likely to come along in this 15-year time interval
that will change the situation significantly. We will still
be importing half of our oil, perhaps more, by the turn of
the century, and 211 of the technologies that we've heard
about (coal gasification, coal liquifaction, solar elec-
tricity, fusion) these are all technologies for the next
century. There are impediments to the development of tech-
nology different for each of these. As far as we can see,
unless there are surprises lurking there, these technologies
are not likely to give us energy independence or reduced
energy costs in the short term. And during our sessions
afterwards, if you're interested I'll go into some of the
reasons for that.

National policy inevitably must move us toward elec-
tricity, and the reason for that is that the fuels for
electricity (coal and uranium) are indigenous and by virtue
of using indigenous fuels, we gain some measure of inde-
pendence, some decrease in oil importation. Now the problem
with using electricity of course is that it is not the right
form of energy for many of the things we use oil for. Right
now we have no way of using electricity for transportation,
for example, or to gain mobility. This leads us to the
speculation, the expectation, the electric cars are very
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much part of this 1l5-year time interval. Electric auto-
mebiles will use electricity and hence coal and uranium to
gain mobility. To the degree that we can use electric cars,
we diminish the need for importation.

We think coming out of the energy situation is a
phenomencn that we've called "conspicuous conservation."
Conservation is the policy that will be followed by our
government because it is instant in its effects and perva-
sive in its application. We see, for example, regulations
that require autcmobile manufacturers to improve the gas
mileage of automobiles, the entire fleet, to 27 1/2 miles
per gallon by the mid-80s. We think that the manufacturers
can do that. We will have automobiles that can have that
performance by making them lighter, by making them more
efficient. Solar heating is an industry which will emerge
in the mid-80s, where we capture sclar energy, heat water
and use that water for space heating. Even though I think
that aspect of solar will happen in this period of time, it
deces not affect to a large extent the broader enerqy demand
of the country. It's miniscule in terms of its consequence,
particularly at the beginning.

So, out of these kinds of things, electric automobiles,
solar heating, the need of conservation, comes this con-
spicuous conservation ethic. Don't you think this fits the
country? Let me describe it. It used to be conspicuous
consumption -~ we would all look at who's got the Cadillac
and perhaps want one ourselves. But now in this conserva-
tion time, conservation will be in and at the cocktail
parties we will be comparing the electric car and the solar
heater on the roof and we will do so and maintain economic
growth in our country while conserving, while distorting the
demand patterns that used to give us that economic growth.
The key point here is that we can be conserving without
stagnating the economy. And that's a direction that we
think policy is going to lead us toward.

With respect to food in this third area, resources, one
of the S-shaped curves that follows from John Platt's
discussion has to do with world population. This is a very
hopeful curve that I'm going to draw here. World population
has been growing rapidly. World population today is about
4.2 billion people. The rate of growth, however, of this
curve has begun to diminish. There is every sign that this
curve has now begun to assume an S-shape, and that this
rapid acceleration of the last few decades (it was actually
compounding at 2% per year) has begun to drop. The popu-
lation today is growing in the world at about 1.8% per year
and that means that the shape of this curve begins to fall

10
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over, it begins to reach some kind of upper limit past the
turn of the century. That is very good news. It's happened
because of the spreading of acceptance of birth control
measures throughcut the world. B2And here we are at 4.2
billion; this intersection will be at about 6 billion,
almost independently of how much more rapidly population
growth diminishes. There is nc reasonable scenario that
leads to much less than € billion by the turn of the cen-
tury. The importance in pressing for a continuing drop in
population growth then is not so much this intersection in
the near term, but where these curves go in the next cen-
tury. And here very small differences in assumptions lead
to world populations ranging between 10 and 25 billion,
compared to our four, by the middle of the next century.

In keeping good my promise to you, I'm only going to
talk about the time between now and the turn of the century,
between four billion and six billion. Twenty-two years and
we increase world population by 50%. That means for every
two people in the world today, there will be three in the
world within a generation. Most of those people are being
added to poor countries, almost all. By the turn of the
century three-quarters of the people in the world will be in
poor countries. The question is, among many other ques-
tions, can those people be fed? Will there be enough food?

On this issue there is a split among futurists. There
are some futurists, the technological optimists, who believe
that technology will come to exist, that the lead times will
be adequate and we will escape the Malthusian catastrophe
once more. They point to the uses of the oceans, growing of
biomass in the oceans, domestication of ocean fish, self-
fertilizing plants (an invention that comes from the genetic
technology), new strains of plants that can grow in brackish
water and salt water, new means for irrigation, new kinds of
packaging and preservation. And perhaps these technologists
are right. But it's not certain. Studies that I tend to
believe indicate that the balance is exceedingly precarious.
If one assumes high growth in population, or let me just say
continued current growth in population, in developing
countries and developed countries, and relatively low
growth, let's say in continuation of present practices in
productivity per acre, then there will not be enough food in
the world. In other words, if population continues as it's
going and the rate of increase of productivity of agri-
cultural lands increases as it's going, there will not be
enough food in the world by the year 2000.

If one assumes, however, population growth rates
diminish in a very optimistic way and agricultural pro-
ductivity grows in a very optimistic way there will be
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enough food in the wecrld for everybody by the year 2000,
except it will be in the wrong place. It will be misdis-
tributed. It will be in the developed ccuntries and the
problem will be to get it to the developing countries.

Eere's where 1 worry. The only method that we've found
for distributing food, or indeed bringing those technclogies
into being, is through the free market system. We put our
food, ocur grain, on the market and it's the ccuntries that
can afford to buy the grain that dc so. 1In this era, the
people who will need it will be pocr and the free market
system will not solve it. This will lead to a predicament
for the United States and for Canada. The U.S. and Canada
control grain export in the world to a greater level of
concentration than OPEC controls oil, so it is our pre-
dicament. We will be profound in our production; there are
no other countries that are that productive in terms of
cutput per input manhour. But what shall we do with that
productivity? Give it away? That's a trap. As long as
populaticn continuves to grow in roughly the manner I've
indicated here, there comes a time when even the most pro-
ductive technology cannot cope and certainly the uncer-
tainties cf weather lead to an occasional crop failure.
When pecple have come to count on our output and gifts and
there is such a crop failure, the possibility of suffering
is encrmous. This is an exceedingly important policy
question. How do we relate, how will we relate to that
need for food?

The fourth technolcgy: genetics. I can only agree
with John Platt in the profound position that he puts this
technology. It is a discontinuity. We're talking here
about a technology that's gone under the name of recombinant
DNA or plasmid technology. It follows directly from the
discovery of Watson and Crick in the mid-50s that the gene
is no more or less than the sequence of sub-molecules along
a long, helical molecule in the nucleus of the cell called
the DNA. That genes existed was known from the time of
Mendel. Genetic properties and the way genetic properties
were passed from parent plants to progeny plants was well-
established. But what the gene was, was physically unknown
until the time of Watson and Crick. And what they said was
the gene is no more or less than the sequence of sub-mole-
cules along that intertwined helix. Understand the sequence
of the sub-molecules and you will understand the genetic
properties of the cell.

When that pronouncement was made, there was speculation
among futurists and others about the nature of the science
of genetics from that point on. We thought it would change
and that a great deal of effort would go into what was known

12




1. B. COLLOQUIUM
PRESENTATION BY THEODORE GORDON PAGE 13

then and now as the decoding of the cell, the decoding of
the gene, that research would focus on that and indeed it
did. The surprise is that that field has moved as fast as
it has. Genes have been deccded. More than that, scien-
tists have been able to move genetic material from one
species to ancther and to have the genetic material take in
the second species, infect the second species if you will,
much as a virus does. and the second species, thus in-
fected, then exhibits the genetic properties of the first,
at least for that gene that is transplanted. It pexrforms
according to those instructions, and it passes those in-
structions on to progeny cells as though it were part of its
own evolution.

The most spectacular experiment is the one that John
platt referred tc. Human insulin genes have been noved to
pbacteria. These bacteria can organize aminc acids sur-
rounding them, as & result of this genetic instruction, into
human insulin. Secientists have built a hybrid animal
composed of everything that the bacteria are composed of, as
well as new newly-inserted genes. Hybrid animals exist.
Genetic material has been puilt out of synthetic chemicals
theoretically predicted to produce a certain genetic re-
sponse and they have.

So, where does it go from here? Self-fertilizing
plants and the invention which comes most immediately to
mind. The class of plants called legumes have a property of
living symbiotically with bacteria in the soil. The bac-
teria, as part of their metakolic pProcess, fix nitrogen from
the atmosphere and that nitrogen is a fertilizing material,
a nutrient to the plant. But only legumes have this pro-
perty of symbiotic relationship with the soil bacteria.
Scientists are trying to move the gene from the legume
families to wheat and corn and rice, sO as to then obtain
self-fertilizing plants. What an enormous increase in
productivity could be realized from +hat. Drug production,
the use of living material to produce chemicals for human
consumption. Special manufacturing processes, the use of
biological materials, either these are complete organisms Or
enzymes or other sub-living particles, to be engaged in
manufacturing processes, to make materials that are used in
our economy. The Russians, for example, have a bug that
they invented (I don't think this is an apocryphal story)
called the "red devil," which is an appropriate name if
there ever was Ohe€. The "red devil" digests uranium as a
part of its metabolism. So they take some of these bugs and
they turn them loose on uranium tailings, and the bug eats
the uranium, then they harvest the bug. And it's a self-
concentrating system, if you see what 1 mean. Once you
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harvest the bug, you've got all of that uranium there. So
here's a designed animal performing a particular function
for its inventor. Cellulose production or the use of
cellulose, the digestion of cellulose by designed organisms,
is alsc exceedingly promising because of the amount of waste
cellulose in the world today. If we could have organisms
that would digest it and change it to alecochol cor sugar, then
we're on the way to using a lot of waste material for very
productive purposes.

The technology. Permit me to go to the end of that 15-
year period now, perhaps even somewhat beyond. There are
some diseases which are inherited in human beings, clearly
inherited: mongolism, PKU and sickle-cell anemia are
exarples. If the technology mecves that far, the curing of
these diseases at the genetic level, at the nuclear level,
cannot be ignored. That's an extensicn of our medical ethic
and if we could attack those diseases before they were
manifested irn children, we'd certainly do that.

There is another class of diseases which are apparently
transmitted genetically, or at least if not genetically,
they are received through some genetic~like processes.

These are called slow viruses and have to do with viruses
that infect over time. Thirty years later, after the in-
fection, the disease appears. There's even the possibility
that aging is programmed, that the propensity to cancer for
example is genetic. So when we say there are three diseases
that we can name quickly that are transmitted genetically,
we really don't know the full range of adverse conditions
that are genetically transferred from parents to children.
If the technology moves far enough, I would guess that we
will attempt to intervene in the processes by which those

- adverse conditions are passed tec children. And that is a
very significant milestone because it means that we would
have, for the first time, intervened directly in the process
of evolution. Our indirect intervention is already present
of course. But this is direct intervention. This is direct
instructions to the genetic process and that lies as a
possibility just at the end of this time period.

Those are the four primary technologies, now let me
mention some long shects. I would be surprised if these
happened. However, if they happen they will be very im-
portant and it is not inconceivable at least there is some
probability that they will happen in this 15-year time
pericd. First of all: the discovery of coherent radio
signals from outer space, intelligent life beyond the earth.
We now have the capability of receiving radio signals from
huge distances in space. That capability has existed now
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for ten years, on that order, but for the first time we have
programs that are designed tc listen and the data to be
analyzed tc find cut if there is anything other than noise
out there. The scientists involved in this program are
making some very fundamental assumptions that cther in-
telligent species, if they exist, have radio. It need not
be assumed that they want to comnunicate because we could
eavesdrop and hear signals from ocuter space. If these were
discovered, think what it woulé mean. It would mean that we
are not alone in the universe, that we are not scmehow, as
some people would argue, & molecular accident of evolution
but rather there are others out there that have evolved as
well. Our egocentricity would be tested.

Secondly, I think there's some chance that in this time
period there will be a fundamental breakthrough in the
character of thought and memory, akir to the Watson-Crick
breakthrough in genetics.

There is no one who understands what a thought is or
how memory is stored, whether it's chemical, or whether it's
physical, or whether it's psychological. There may be in
this time period that fundamental experiment, that funda-
mental paradigm articulated in this field of psychclogy.

And from it come speculations like perscn-tc-person inter~
connects, if it were to be electrical for example; pPerson-
to-machine interconnects, mechanical memory available to
human memory directly; the chemical transfer of information:
French pills, literally (there are a series of experiments
t+hat indicate that memory is stored chemically and can be
excited chemically and then extrapolating that); the chemi-
cal basis of mental disorder discovered: the effective
rehabilitation of criminals through the use of pharmaceuti-
cals or other techniques. with all of the totalitarian
overtones that that must raise to your mind, from some of
the people on our staff who have studied the future of
personality control drugs, these are scme possibilities:
pills which allow selective amnesia, erase yesterday, pills
which enhance feelings of maternality in women (for example,
child abuse cases), programmed dreams, at the end of this
spectrum, where the dream content is contained chemically:
double features for long nights!

Third, the cure for aging which we talked about before.
I don't expect it, but the preakthrough is possible.

Fourth, some long shots in energy: in the geothermal
area, in tertiary recovery, in the waste cellulose for
gasoline. These might happen, but I rather think not.
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And finally, the rebirth of the space program. In this
15 years, I think that very unlikely. We have the shuttle
program scheduled -- that's going tc raise some levels of
excitement but I think it's not going to be sufficient to
raise our goals of exploration to where they were at the
time of the Apollo program. There may be discoveries how-
ever, on the cuter planets thrcugh the rcbeots that we're
sending, which will change that and make it desirable again
te engage in that great exploration.

New finally, what does it all mean? Where does all of
this come from? Why is this all being imposed on us? Who
asked for it? There are three general notions about where
technoleogy comes from that I've been able to discern. The
first has to do with science. Technology comes from science
and what science gives us is, tc a large extent, what
technology has to work with as its raw material. Therefore
it's important to ask in this mode, what drives science?
This is a mcdel that comes from Thomas Kuhn of the Uni-
versity of Chicago. He says science generally is unimag-
inative. It takes existing rules and tries to apply those
rules to new situations. That's normal science. And only
when those rules don't work is there a crisis in science, in
that discipline, and only in the presence of crisis can new
ideas be accepted. Therefore, when new ideas are acceptable,
those little domains draw the best lines, draw the funding
and draw people because publications can be made there and
the reward mechanism relates toc publications. Sc with
science as the driver, fundability, what can be funded,
where are the interests of the individual researchers sat-
isfied, what problems are seen to be solvable; it's those
kinds of social factors that lead to the extending of the
domains of science. They have little tc do with problens,
they have little tc do with social need, they have little to
do with what products can be sold. They have to do with the
scciology of science.

The second notion comes from Jacques Ellul, a French
philosopher, in a book called The Technological Order. He
says technology comes from economic and military need. We
will develop any technolocgy we can if there's a market for
it or if it helps improve our security. It is a juggernaut.
Society adapts in its wake, and the sooner we learn that we
must adapt in the wake of that imperative, the sooner we
will learn to live with change. That is a very determinis-
tic philosophy. Technology moves for its own sake and
society follows in its wake.

The third image is one of Bertrand de Jouvenal in his
book The Art of Conjecture, a French political philcsopher
who's had a great deal to do with futures research and the
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shaping of the philosophy of futures research. This is the
determinable future. Tt's the basis for planning in the
country or wherever. De Jouvenal says the planner must
imagine possible futures. Plural, there's no such thing as
a single future. There's an array of futures and from that
array, the planner must select that which is best, that
which is most desirable, and set plans into motion to
improve the probability of the most desirable future and
diminish the probability of the least desirable future.
There are some things wrong with that. There are limits tc
the imagination. How many futures can we imagine? There is
the unknowable quality of the future. And there is most
importantly the value dimension to the future. As we
imagine what is the most desirable, who is to say what is
the most desirable? Even if we couléd say that somehow we
can synthesize society's view of the most desirable future,
then we must reccgnize a time problem. What yg_consider to
be most desirable and therefore leads to our selection of
the most desirable future, those people in the future might
not consider to be most desirable kecause technology itself
changes values. S0 as the technology is introduced, the
value judgements on which the success O failure of those
technologies is based change.

When viewed from a value perspective it's an unstable
system. Technclogy does cause value change. Nicholas
Rescher of the University of Pittsburgh recognizes these
modes. Technology causes value change through enhanced
attainment. New technologies can help us do old things
petter. If friendship is a valuve, ham radio can help us.

If economic security is a value, automated ticker tapes come
to our rescue. Technology affects value secondly through
introduction of novelty. value changes come from sheer
boredom, he argues, and technology offers alternatives.
Third from redistribution: technology helps us redistribute
values. Fourth from restandardization: values are satis-
fied always only to some degree. If power is a value, newvw
technology enhances power. If mobility is a value, new
technology can enhance mobility.

I would add too to Rescher's list value challenge: if
we hold something to be of value, technology in taking it
away from us, tends to enhance that value. Let me explain.
The invention of new technological bugging devices leads to
the enhancement of the value of privacy.

But I think best of all is the newly-emerging model of
value change which I will call the cohort nmodel. It sep-
arates value change into two ccmponents, one which is age-
determined. We become, to make it very simple, more con-
servative as we become older. No matter who we are, there
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is something changing in our way of doing things which is
conservative and it is age-related. The second component,
however, is experiential and it depends on what was hap-
pening when we were a certain age. It is akin to psycholog-
ical imprinting. If we were 12 to 15 at the time of the
depression, we have a certain set of values that accompanles
us over time because we experienced that. And it is the sum
of the age-determined and the experiential-determined
compcnents which gives a value dimension to society at any
point in time. There is very, very much to learn about how
values change. Yet if we learn it and are perfect in our
knowledge, would we not strive to preserve our own values?
Are not our values the most precious? Remember De Jouvenal's
idea -- pick the best future, best value-oriented, and work
to achieve it. If we achieve it and we are perfect in our
knowledge of values, then we've locked in the future. We've
locked it in and imposed our value set on that time, and this
is a tyranny of values. We strive in cur planning to protect
our children by guaranteeing our values to them, yet our
children may not be happy with our values and left to their
own devices may find value systems which put curs to shame.
Somehow planning, which is at the basis of all of this, must
find a premise more encompassing than preservation of values,
and I suggest that that is the preservation of personal
liberty, where liberty includes preservation of creativity
and the right to initiate change. Liberty is not defined,
note, as the rlght to pursue happiness, the right to sat:sfy
values, because in the behavicristically-contrclled world
happiness may be found in subjugation, happiness may be

found in drugs, happiness may be found in many of the
technologies that we've talked about. If we plan for an
environment which preserves personal liberty, our progeny
will have the chance to use their judgment, not ours, in the
application of our technology legacy.

When I started I promised to raise some fundamental
gquestions about using technological change as a point of
departure. Let me review these questions as a final note.
From biomedical progress: dc we want a longer life? ZAre we
ready for it, can we cope with a society in which increasing
percentages of our people are older? What responslblllty
does society have to older pecple? If a cure for aging is
found, if immortality is possikle, how does religion change?
From electronics: the Luddites, you recall, attacked
machines when machines were introduced early in the in-
dustrial era to replace human error. The argument then was,
"Don't worry about it, the domain of humanness is in the
mental arena." Now 1f my forecasts were correct this morn-
ing, machines are going to replace people in the reasoning
tasks. What is the new role for humans? What new answer do
we have to the automated Luddites of today? If we said
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pefore that the role for humans is in reasoning and now
there are reasoning machines, what is the role for humans?
From resources: with the U.S. agricultural system SO
fecund, what should our role be with respect to feeding the
world? From genetics: if we engage in evolutionary modi-
fication, who is to say what we should be? There is the
whole plethora of questions in this area that we just hinted
at related to cloning, to sex choice, to test-tube babies
and you are familiar enough with the ethical issues that
follow from that. From the long shots: if we had the
tools, should society choose to condition out what is
considered to be evil with the new discoveries of psychology?
If we had the tools to remove criminality, for example,
should we use them and under what control, if any? What
would the discovery of extraterrestrial life mean to our
views of ourselves as the ego-centers of the universe? From
my comments about planning: if we succeed in making plan-
ning effective, what values should guide us? These then, in
part, are religious questions and in their answers lie the
future of religion. Thank you very much.




