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SUMMARY

Prediction-making is a fundamental part of technologi-
cal, military, commercial, social, and political plamning
in the modern world. Relatively short—term forecasts of
events of, say, the next twenty—four hours, next year, or
even trends of the next decade are often accurate enough
to be of demonstrably practical use. But as the period of
concern is moved further and further into the future,
uncertainties multiply, confidence in prediction is de—
graded, and the scientific theories and techniques of
forecasting increasingly give way to intuitive judgment.
The fact remains, however, that for better or for worse,
trend predictions—implicit or explicit, '"scientific" or
intuitive—about periods as far as twenty or even fifty
years in the future do affect current planning decisions
(or lack of same) in such areas as national defense, urban
renewal, resource development, etc. Thus, almost anything
further we can learn about the basis, the accuracy, and
the means for improving such long—term forecasts will be
of value.

This report describes an experimental trend-predicting
exercise covering a period extending as far as fifty years
into the future. The experiment used a sequence of ques—
tionnaires to elicit predictions from individual experts
in six broad areas: scientific breakthroughs, population
growth, automation, space progress, probability and pre-—
vention of war, and future weapon systems. A summary of
responses from each round of questionnaires was fed back
to the respondents before they replied to each succeeding
round of questionnaires.

Results of the experiment illuminate a number of
points: the contents of the predictions themselves, the
bases on which respondents claimed their predictions were
made, the spread of expert views, the convergence of views
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following data feedback, the experts' critiques of each
other's views, and not least of all, the weaknesses of the
method and the possible means for improving it.

The report also discusses potential objections that
may be leveled at this approach: its inherently insuffi-—
cient reliability; its tendency to produce self—fulfilling
or self—defeating prophecies which would make it both un—
desirable and unreliable; the sensitivity of results to
ambiguity of questions; the difficulty of assessing and
utilizing the degree of expertise; and the impossibility
of taking into account the unexpected. One must judge the
merits or promise of an approach such as this in terms of
the alternatives available. These same objections general—
ly apply with even greater force to less systematic means
of using any intuitive judgment. Moreover, it does appear
that some of the observed or suspected defects in the
method can be eliminated on the basis of what has been
learned from this experiment.

No claims are made, or can be made, for the reliability
of the predictions obtained here. However, inasmuch as
they reflect explicit, reasoned, self—aware opinions, ex—
pressed in light of the opinions of associate experts, such
predictions should lessen the chance of surprise and pro—
vide a sounder basis for long—range decision-making than
do purely implicit, unarticulated, intuitive judgments.

A few thought—provoking examples of the predictions
that were elicited are the following:

The implication that the water—covered
portions of the earth may become important
enough to warrant national territorial claims.

The values assigned for the probability of
another major war. (E.g., medians:

10% in 10 years; 25% in 25 years. Most
likely cause: escalation.)
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The absence, on the one hand, of signif—
icantly new ideas for the prevention of
war, and the confidence, on the other,
that the application of what may be
called traditional proposals could re-—
duce the probability of war significantly.

The possibility that continued developments
in automation will result in serious

social upheavals; the almost complete
acceptance of the necessity of regulative
legislation.

The strong likelihood of the emergence of
weapons of a nonkilling, nonproperty—
destroying nature, covert perhaps,
attacking on the psychological or bio—
logical level.

The eventual abundance of resources of
energy, food, and raw materials, but also

the possibility that a continuing inequitable
world distribution of these assets to the
increasing world population may furnish a
persisting stimulant to warfare.
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REPORT ON A LONG-RANGE FORECASTING STUDY

1. INTENT

This is a report on an experiment in forecasting which
has been conducted during the past twelve months. ("Fore—
casting' is used here in the sense of mapping out possible

"predicting' a single future.)

futures, as distinguished from
The intended purpose of this undertaking was both substan—
tive and methodological.

Substantively, our interests lay in assessing the
direction of long—range trends, with special emphasis on
science and technology, and their probable effects on our
society and our world. Here, by "long-range" we had in
mind something of the order of ten to fifty years. Our
natural curiosity in this regard was enhanced by an aware—
ness of the fact that our work at RAND is in many instances
closely related to plans aund policies affecting the rather
distant future, and that consequently the direction of our
studies and the substance of whatever recommendations may
result from them are inevitably influenced by our concept
of the shape of things to come.

Methodologically, we found ourselves confronted by a
near—vacuum as far as tested techniques of long—range
forecasting are concerned. Here our hope was to sharpen
the few systematic methods that are available and, through
practical experience, to gain some insight into specific
needs for further methodological research.

Depénding on one's point of view, a project such as
this may be considered predestined to failure because of
its over—ambitious scope, or predestined to success because
even very little progress in so important and neglected an
area is bound to be of value in the design of long—range
plans. Actually, the outcome of this experiment has in no
way been spectacular. Yet we hope that the reader of this
report will agree with us that our undertaking has indeed
been mildly successful, in the sense that our findings



—I—

represent a beginning in the process of sifting the likely
from the unlikely among the contingencies of the future,
and that we have obtained some hints as to how such efforts
can be conducted more effectively hereafter.

Future events can be considered as roughly belonging
to one of two sets: the expected and the unexpected.
A study such as this cannot hope to uncover the unexpected,
spectacular, unanticipated breakthroughs, but must con-
centrate on narrowing down the dates and circumstances
of occurrences which can be extrapolated from the present.
We recognize this as a shortcoming of our present study.
Nevertheless, some of the substantive predictive material
was, to the experimenters at least, unexpected., In that
sense, the future may now hold fewer surprises for some
of us.

2. SUBJECT MATTER

Among the many features of the world of the future
that are competing for exploration, we had, for the sake
of sheer manageability, to select only a few. Our choice,
while somewhat arbitrary, was guided by the desire to
have a collection of areas which in combination would
provide broad (though not exhaustive) coverage of the most
important determinants of the society of the future. We
finally decided upon the following six topics:

(1) Scientific breakthroughs.
(2) Population control.

(3) Automation.

(4) Space progress.

(5) War prevention.

(6) Weapon systems.

In seeking out the future trends in these areas, we
were of course well aware that we would not through some

miracle be able to remove the veil of uncertainty



from the future. This did not seem to us to imply,
though, that it is altogether impossible to make meaningful
assertions of substantive content about the future.

The reliability with which the future can be predicted
is a matter of degree. In planning our daily lives, we

are accustomed to predicting the immediate 24—hour future
.with a reasonable degree of certainty. Plans as far as

a year ahead—say, concerning the budget of a family, or

of a firm, or of the federal government—although afflicted
with a noticeable degree of uncertainty, still are recog-
nized and accepted as a highly reliable means of regulating
our lives. Even if the planning horizon is five to ten
years away, as it is with many major govermmental decisions,
standard trend projections, obtained by extrapolation from
the recent past and from knowledge of current activities,
usually provide fairly reliable results. Nevertheless,

in employing past and present tremds as indicators of the
future, we begin to be strongly aware of the need for
judicious intuitive assessment.

For the more distant future, as the uncertainties
grow, increased reliance on intuitive (as opposed to
theory—supported) contingency forecasts becomes inevitable.
Yet this does not deter us from planning ten to fifty
years ahead, as evidenced by our public policies regarding
such matters as educational institutions, urban renewal,
ald to developing countries, procurement of military weapon
systems, space exploration, and so on.

In view of such common practice of long-range planning,
which both affects the ten— to fifty-year future and is

itself influenced by our expectations regarding the world
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at that time, it seems reasonable to adopt a pragmatic
attitude: Since the use of intuitive forecasting as a

basis for long-range planning is unavoidable, we should

at least make an effort to obtain this intuitive judgment

as systematically as possible from persons who are recognized
experts in the area of concern. Until a satisfactory
predictive theory of the phenomena in question becomes
available, it would seem that any improvement in reliability,
however slight, that could be achieved by replacing casual
guess with the controlled use of intuitive expertise would
be desirable because of the benefits that long—range public
policies might derive from it.

These potential benefits are likely to grow with each
decade; for, because of the ever more explosive rapidity
with which new technological developments are apt to take
hold, it becomes increasingly important to foresee the
advent of such impacts in order to prepare for their social
consequences and to avert possible calamities. '

It is this potentially large payoff from even minor
advances in the reliability of trend forecasting—mot to
mention man's natural fascination with the idea of exploring
the future regardless of any tangible returns (just like
exploring the Moon)—which we offer as justification for

the present effort.
Our procedure, if we are fortunate, might even

succeed incidentally in crystallizing the nucleus of a

predictive theory of the subject matter under inquiry,
by goading the experts from whom we solicit opinions



into formulating some of their perhaps hitherto
unarticulated reasons for these opinions. Thus we hope
that an effort such as ours may go beyond merely filling
a temporary gap and set into motion analytical thought
processes which eventually might lead to the formulation
of a scientific theory regarding the phenomena in

question.

3. METHOD

The method which we have employed for the systematic
solicitation of expert opinions is the so-called Delphi
Technique.* Instead of using the traditional approach
toward achieving a consensus through open discussion,
this technique "eliminates committee activity altogether,
thus ... reducing the influence of certain psychological
factors, such as specious persuasion, the unwillingness
to abandon publicly expressed opinions, and the bandwagon
effect of majority opinion. This technique replaces
direct debate by a carefully designed program of sequen—
tial individual interrogations (best conducted by question—
naires) interspersed with information and opinion feedback
derived by computed consensus from the earlier parts of
the program. Some of the questions directed to the respon—
dents may, for instance, inquire into the 'reasons' for
previously expressed opinions, and a collection of such
reasons may then be presented to each respondent in the
group, together with an invitation to reconsider and
possibly revise his earlier estimates. Both the inquiry
into the reasons and subsequent feedback of the reasons
adduced by others may serve to stimulate the experts into

*N. Dalkey and O. Helmer, "An Experimental Application
of the Delphi Method to the Use of Experts,' Management
Science 9, 1963.
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taking into due account considerations they might through
inadvertence have neglected, and to give due weight to
factors they were inclined to dismiss as unimportant on
first thcught."%

In line with this program, we selected 6 groups of
experts, one each for the 6 areas to be surveyed (see
Section 2 above). Of the approximately 150 persons
approached, 82 responded to one or more questionnaires.
Of these, 35 were members of RAND, 7 others were RAND
consultants, and the remaining 40 were not connected
with RAND; 6 of these 40 were European respondents. Some
of the participants responded voluntarily also to question—
naires submitted to other panels. (It was our practice,
in order to keep the participants informed of all phases
of the experiment, to send copies of the questionnaires
for all 6 panels to each respondent, distinguishing that
addressed to his own panel by a special color of paper.)

Each panel of experts answered &4 sequential question—
naires, spaced approximately 2 months apart. The average
number of filled-in questionnaires received from each
panel per round was 14.5 (making a total of 6 X 4 X 14.5,
or 348).

Details about the respondents and reproductions of the
relevant parts of the 24 questionnaires are given in the
appendix to this paper.

4. TLLUSTRATION OF PROCEDURE

To illustrate our procedure, we will give the details
of a small segment of the inquiry conducted with the help
of Panel 1 on Scientific Breakthroughs.

*
See '""On the Epistemology of the Inexact Sciences," by
0. Helmer and N. Rescher, Management Science 6 (1959),
p. 47.
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In the opening round we addressed the following ques—
tion to the panel:

Questionnaire 1.1.

One of the major problems of conducting a pre—
dictive study which poses its questions on the
basis of extrapolations of current technology is
the almost unavoidable exclusion of discontinuous
state—of—the-art advances.

In this current study a period of 50 years is
being considered. It is possible that inventions
and discoveries not yet visualized could have a
major impact on our society during this interval.
It is easy to observe that the pace of scientific
and technological innovation has been steadily
increasing and that the time between origination
and application has been decreasing. Therefore
we believe that many generations of inventions
can find application during the period under
study.

Some insight even into discontinuous state—
of—the—art advances might perhaps be gained by
examining the world's need for such advances, in
view of the old trulsm that necessity is the
mother of invention. Therefore, you are asked
to list below major inventions and scientific
breakthroughs in areas of special concern to
you which you regard as both urgently needed
and feasible within the next 50 years.

Collation and paring of the responses led to a list
of 49 items, which were presented to the panel in the
next round (Questionnaire 1.2) with a request to indicate,
for each item, the probability of actual implementation
in each of the following time intervals:

1963-65 1972-78 1997-2013
1965-68 1978-86 Later than 2013
1968-72 1986-97 Never

Three examples of the 49 items were these:

Bl. Chemical control over heredity — molecular
biology.

S8. Popular use of personality control drugs.
P10. Reliable weather forecasts.

For each item, each respondent's probability distri-—
bution over time obtained from Questionmmnaire 1.2 was used
to determine approximately the year by which the item, in
his opinion, had a probability of 50% of being implemented.
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For the three illustrative items, these '50%-years'' had
the following medians and quartiles:
| Median | Quartiles

Bl 1993 1982-2033
S8 2050 1984~2050
P10 1975 1972-1988

In the case of P10, for instance, this means that one
quarter of the respondents thought that the date by which

P10 had an even chance of occurring would be prior to 1972
Qia M Qs/a
"‘!'_T'"I_'._I'_T".I LI SN B ED N M Htt B B B L T 11
1970 1980 1990

(the lower quartile), and similarly that one half thought
it would be prior to 1975 (the median), and one quarter
that it would be later than 1988 (the upper quartile).

On the basis of findings such as these, it was judged
that for 10 of the 49 items (Item Pl0 among them) there
existed a reasonable consensus among the respondents.

This consensus was announced to the respondents in Question~—
naire 1.3, together with an invitation to take exception
if they differed strongly from this majority consensus:

P10 (Reliable weather forecasts): Not within
5 but within 35 years,
Do you, by and large, agree with the opinion
represented by the consensus...? If you disagree
., briefly state your reason for your differing
opinion.

As for the remaining 39 items, on which an insufficient
consensus had been observed, the experimenters at this point
used their discretion in singling out a subset of 17 items
which they thought to be deserving of further exploration.
These were presented once more to the panel, together with
an indication of the consensus status to date and a request
for a statement of reasons for opinions differing from those
of the majority. 1In some cases the item was reworded,
because it was felt that the ambiguity of the original
phrasing, rather than any factual disagreement among the

participants, might have been partly responsible for the
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observed divergence of responses. (This contention was
supported, in various instances, by explicit comments to

this effect from the respondents.) In the case of our
examples, Bl and S8, Questiomnaire 1.3 followed up thus:

Tm your opinien, 1 your SO% astimate falls within

Desorivtion of Consansus by what year does | elthsr the earlier or the later
potential or dissensus the probarility of| poriod indlcated, briefly state
breakthrough 4c date ocourrence reach your reason for this opinien
so% o8
Bl | Peasibility of chem— | Consensus that Why before 1387
ioal control over 1t will oooury - or after 20137

hereditary defeots disapresment
through molecular as to whan

enginesering
S8 | Widespread soolally | Divergent opin- ¥hy hefore 1237
acoepted use of non= | ions, possibly or afier 2013 (o~ never)?
nareotic personality | due to differtngf
contrel drugs pro- interpratations

dusing specifio pay=! of the origiml
ohologioal resotions | question

|

The responses now had the following medians and
quartile ranges:

| Median | Quartiles

Bl 2000 1989-2015
S8 2000 1980-2033

We notice that in both cases the quartile range narrowed,
while the median shifted to a somewhat later year for Bl
and to a considerably earlier year for S$8. Our sample was
too small and unstable to permit us to trace such changes
to specific causes. (The instability of the sample had
two causes: the long interval between questionnaires, and
changes in the composition of the panel.) We may merely
conjecture that the sharpening in wording of the questions
contributed to the narrowing of the quartile ranges; whether
this also produced the shift in medians is even more un-—
certain.

The procedure for composing the last questionnaire in
the series, 1.4, was similar to that used in the preceding
cycle: Elimination of a few additional items, announcement



of a satisfactory consensus on some, and restatement
(possibly again involving actual rewording) of the re-—
mainder. Both of our illustrative items were judged to
need such reconsideration. 1In this case, the information
given to the panel comprised both a statement of the
majority opinion and an indication of the reasons for a
deviating opinion on the part of a minority. As far as
Bl and S8 were concerned, the questionnaire appeared as
follows:

Desoriptlon of Majority
potential congensus Minopity opinion 50%myear | 90%=yoar
heesaktnronsh to data
Bl | Femsibility (not 3y Will take longer or ccour never,
neseasari{ly acceptance) 2000 beocauss 1t would necessitste
of ohemioal sontreol intervention curing embryonie
over poxs horeditary development, when the foetus is
defecta by modifioa- inacoessible, henoce would re-
tion of genas through quire prior development »f
tolagulyr snzinearing teohnlques of gestation in vitro
S8 | Widespread and sooially By Will take 50 years or inore,
widely acoapied use of 2090 beoauss regsaroh on paycho-
nommercotic drugs prammosut isals has barely
{otor than aloohol) begqun, and nogative sooisl
For the purpose of reactisn will cause delays
produsing spesifio
shanges in parsonality
aharactaristios

This time the outcomes was as follows:
| Median | Quartiles

2000 1990-2010
1983 1980-2000

Bl
S8

Thus, for Bl the median remained unchanged and the quartile
range shrank a little further; in the case of S8, the
median was now even earlier than before and the quartile
range shrank considerably. 1In both cases we now had what
may be considered a reasonably narrow consensus.

5., THE SUBSTANTIVE OUTCOME: INTRODUCTORY REMARKS

Having illustrated our procedure through the cases of
these three representative items, we now present the prima—

facie predictions by our panels, and then return later



to a discussion and critique of the method. The reader
is cautioned, however, to regard the data about to be
listed with some reservation. It consists of summaries
of considered opinions about the future by a small group
of people, each an expert on some, but not necessarily all,
of the subjects under inquiry. There is no question but
that more reliable predictions could have been obtained
with a greater effort and a wiser group of experimenters.
We shall try to indicate later, through retrospective
wisdom, how we believe that an effort such as this can be
improved to the point where it might become a more reli—
able and valuable planning tool.

6. PREDICTED SCIENTIFIC BREAKTHROUGHS

Panel 1's predictions of scientific breakthroughs are
sumnarized in graphical form on the following page. This
is done here and throughout in terms of the "break—even"
date, that is, the date for which there is an equal expecta—
tion that the event in question will materialize before or
after it.

Each bar on the graph extends from the lower to the
upper quartile of responses, the peak indicating the posi-
tion of the median. The events are ordered according to
the median date.

The time scale beyond 2020 has been foreshortened.

The reader may wish to interpret the interval to the right
of 2020, as we have done, as follows (although precise
dates that far in the future are clearly not very meaning—
ful):
2020 2025 2035 2050 2100 2200 2300 2400 2600 2800 3000
1 | 1 i i 1

| N , ____Oor never
1

In addition to specific substantive breakthroughs, the
panel was interrogated regarding potential developments in
the organizational and operational methods of scientific
investigation. There was a strong consensus that the
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following four, among eight taken into consideration, repre—
sent desirable trends which are likely to occur:

Reform of present modes of scientific communication
through the use of automated information retrieval
systems.

Reorientation of scientific methodology toward
greater interdisciplinary cooperatiom.

Increased emphasis on basic research in government—
supported R and D.

Reformation of educational processes toward an
increased interdisciplinary understanding of science.

7. PREDICTED POPULATION TRENDS

The questions addressed to Panel 2, on Population Con—
trol, were concerned with world population growth between
now and the year 2050. The following four graphs (Figs.
7.1-7.4) exhibit the median and quartile curves derived
from the panel's predictions for the birth rate, the death
rate, the net—growth rate (= birth rate minus death rate),
and the population size.

The population curves in Fig. 7.4 were derived as
follows: From the responses of each individual we deter—
mined approximately what, according to him, the population
would be as a function of time; for each year t between
the present and 2050, we then selected the median and
quartiles of these predictions.

An obvious altermative method is to use the three net—
growth rate curves shown in Fig. 7.3 and to compute the cor—
responding population curves; the result is shown in Fig.
7.5, and is seen not to differ significantly from that in
Fig. 7.4.

We note that the population trend forecast -by our
panel is comnsiderably more conservative than estimates ob—
tained by straightforward extrapolation from past popula—
tion growth, as shown by Fig. 7.6, where the shaded area,
lying entirely below the projected curve, represents the
quartile range of the panel's forecast over the next 87 years.
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We did inquire into the reasons for the opinions

reflected in these relatively low population estimates.

Not surprisingly, the following three factors emerged
as the principal ones affecting birth and death rates, and
consequently population:

(i) the degree of acceptance of birth control
measures;

(ii) the rate of further medical progress;

(iii) advances in the production and distribution
of food.

0f these, judging by the variance of responses, the first
seems to be the least predictable. There was much more of

a consensus regarding predictions of the availability (as
opposed to the acceptance) of birth—control measures.

This, incidentally, was confirmed by the Science panel

(Panel 1), which predicted the general availability prior

to 1980 of simple and inexpensive means of fertility control.

Further medical advances (Item (ii) above) were
seemingly generally accepted as a matter of course. The
consequent drop in the death rate will be attenuated, in
the opinion of most respondents, by insufficient advances
in the production and distribution of food (Item (iii)).

A minority even predicted famine conditions and a consequent
eventual sharp rise in the death rate,

These misgivings regarding food production and distri—
bution should perhaps be examined in the light of relevant
forecasts made by the Science and Automation panels (1 and
3). According to Panel 1, commercially efficient production
of synthetic food may be expected within 40 years, to be
augmented in the early part of the next century by large—
scale ocean farming. 1In spite of this forecast of food
abundance for even a much enlarged world population, there
may still be an ominous gap between potential and effective
availability of food for all, because, according to the
view expressed by Panel 3, an effective world—wide system
of food distribution may not be implemented until later in
the twenty—first century.
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In view of such facts as the uncertainty regarding
large—scale acceptance of birth control measures, the com—
parative certainty of further medical progress, and the
doubts about equitable food distribution, one cannot help
but wonder whether the panel's forecasts (which in the
median suggest a nonfamine—induced levelling off of the
population curve) would have remained quite so optimistic,

had the Delphi process of examining the reasons for prof—
fered opinions been carried through another round or two.

8. AUTOMATION PREDICTIONS

The predictions by Panel 3 regarding major develop—
ments in the field of automation are summarized on the
following page, in the same graphical form we used for Panel
1. Each bar again extends from the lower to the upper quar—
tile of the responses and peaks at the median. The fore—
shortened scale beyond 2020 was explained in Section 6.

In addition to technological progress in automation,
the panel was asked to give some thought to the problem
of unemployment resulting from automation. Almost all
respondents agreed that the problem is a very serious one.
While one third of the panel felt that social upheavals
will accompany automation, the majority opinion indicated
that suitable counter—measures, taken either preventively
or at least therapeutically, will forestall severe social
disruptions.

Ten counter—measures, proposed by the panel members
themselves, were appraised by the panel with regard to:

(1) potential effectiveness in reducing unemployment,

(2) overall desirability, and (3) the probability of actual
implementation. The averages of the appraisals concerning
these three aspects turned out to be highly correlated, as
shown by the following tabulation of results, in which the
measures at the top of the list are considered effective,
desirable, and probable, while those at the bottom are



considered ineffective, undesirable, and improbable:

Average |Average |Average
Proposed Measure Effective~|Desira— |[Probabi-—
ness bility lity
Creation of new types of employ—| mod/high*| high [mod/high
ment
Retraining of persons unemployed mod mod/high| high
through automation
All—out vocational training min/mod {mod/high |mod/high
program
Education for better leisure— min/mod |mod/high|mod/high
time enjoyment
Massive aid to underdeveloped mod mod mod
reglons (including parts of
the United States)
Two years of compulsory post— mod mod mod
high school education
Legislation shortening the work | min/mod |neut/mod |mod/high
week by 207%
Massive WPA-type programs min/mod neut mod
Legislation lowering the retire—| min/mod neut mod
ment age by 5 years
Legislation protecting household | nil/min neg min

and service jobs from auto—

mation
o
mod = moderate
min = minor
neut = neutral
neg = negative
9. PREDICTED PROGRESS IN SPACE

A graphical summary of predicted progress in space is

given on the next page.

We note that for events whose

median break—even dates are within the next 15 years, the

quartile ranges are remarkably narrow, reflecting no doubt

the rather firm timetable of near—future space achieve—

ments to which our space specialists expect to adhere.



10. PREDICTIONS CONCERNING WAR AND ITS PREVENTION

The members of Panel 5, on War Prevention, were asked
both in the first questionnaire (June 1963) and the last
questionnaire (January 1964) to give us their personal
probability estimates of the occurrence of another major
war within 10 and within 25 years. The responses, in
terms of medians and quartiles, were these:

June 1963 responses

——
) S
e
-
——

0 50% 100%

January 1964 responses

L 1 | | I ! ! I |
0 507% 100%

Here, the solid bars refer to the probability of war within
10 years, the dotted bars to the probability of war within
25 years.

A significant decrease in the probabilities between
the June and January responses is evident. Even in the case
of the 10—year estimates, where the median remained at 10%,
the shift of the quartile bar as a whole is quite pronounced.
While the identity of the panel membership was not stable
enough to draw the conclusion directly from this sunmmary
evidence that events of the intervening seven months had
caused most of the respondents to take a rosier view of the
future, examination of the responses of those individuals
who participated in both the first and fourth questionnaires
did tend to confirm this hypothesis. For example, none of
them raised the value given to the probability of war within
10 years, and the median reduction of probability was 20%
of the value originally given.

The panel's views as to the manner in which a major war
might break out, if at all, did not change significantly
between June 1963 and January 1964. When we average the
minor differences in responses between these dates, the



panel's opinions as to the relative probabilities of the

modes of outbreak may be summarized as follows:
Inadvertence . o « « o « « & & « « « « « o 117%
Escalation of a political crisis . . . . . 45%

Escalation in the level of violence in . .
an on—going minor war . . . . . . 37%

Surprise attack at a time when there
is no ostensible acute crisis . . 7%

We considered the main assigaoments of Panel 5 to be the
proposal and appraisal of realistic and effective measures
that might be undertaken in the future in order to reduce
the overall probability of the occurrence of another major
war. Members of the panel submitted a total of 42 distinct
proposals for consideration. These were then resubmitted
to the panel for appraisal.

Much of the response was in verbal rather than numeri-—
cal form. Fven numerical responses, such as effectiveness
and probabi lity—of—implementation ratings and desirability
rankings, were subject to interpretation and relative weight—
ing. Taking all these caveats into account, it appears
that the picture which emerges can be described roughly
by the following tabulation of proposed measures, arranged
in the approximate order of decreasing overall desirability,
with "effectiveness' to be understood as referring specifi-

cally to the lowering of the probability of war. A [framed

entry indicates a considerable consensus among the panel
members:

Overall{ Effect— |Proba
desira—|iveness |bility
Proposed Measure bility |if im— |of im—
plemen— |plemen—
ted tation

Build-up of Western-bloc conventional j high high high
forces

Increased security of command—and—con—high hign high
y g g

trol and retaliatory capability

Development on both sides of invulner— high high | high |
able delayed-response weapons that '
are incapable of surprise attack




Proposed Measure

Greater political and economic unity
among free advanced democracies

US—SU political agreement to seek
peace and restrain other nations
from developing nuclear weapons

Establishment of a standing world—
wide U.N. police force, not
subject to veto

Improved defensive warfare techniques
to reduce probability of
escalation in limited wars

U.N. economic and military aid to
areas threatened by political

upheaval

Development of a code of interna—
tional law and establishment
of effective world courts of
justice and a world supreme
court

US—promoted rapid technological and
economic advancement of under—
developed nations

Strengthening of the U.N. with the
objective of forming a world
government

Bilateral US—SU arms control agree—
ments

Studies by sociology, group psy—
chology, ete., seeking clues
to war prevention

US—SU political association against
China or other third party

Holding the status quo against even
minor aggressions

Central—European disengagement to
reduce military activity,
induced by an improving SU-US
atmosphere

Instituting population control in
all nations according to U.N.
decisions

Desira—| Effect—|Proba—
bility |iveness|bility
high | high | | medium
high high |medium
high high low
high |medium||medium
high {medium { low
high |medium || low
high low high
medium%[gﬁigh low
medium |medium| | high
[medium| |medium |high |
medium |medium | high
medium |medium |medium
medium hmdium mediuml
medium |(medium | low |

k3
The doubt, implied by this entry, on the part of some
respondents regarding the unconditional desirability of this
item appears to be unrelated to their opinion of the U.N. as
such but reflecting their fear that a single world government

might be subject to subversion of its original purpose.



Proposed measure

Desira—
bility

Effect—
iveness

Proba—
bility

Establishment of national assessment
centers which would evaluate
crisis situations and transmit
policy statements to the poten—
tial enemy to clarify U.S.
intent

US or SU demenstration of the intent
to use force of increasing levels
(in identifiable steps) in re—
sponse to specific provocations

Removal of trade barriers with
Communist countries

Development of realistic understand—
ing among western Allies of
dynamics of nuclear warfare, by
techniques including joint
US/Allied crisis— and war—
gaming and systems analyses

Settlement of the division of
Germany on terms acceptable to
West Germany and compatible
with German membership in NATO

Development of a cadre of inter—
national U.N. civil servants
dedicated to world values

Military alliance between US and SU
plus possibly India)

Support and promotion of a United
States of Africa, Latin America,
Europe, Asia

Invitation to other nations to
become member states of the
U.S5.A.

Simulated US—-SU war games, played
by professional military plan—
ners of both sides (possibly
with sides interchanged)

Increased cooperative economic, poli-—
tical, and military ventures by
the US with the SU and China to
promote interdependency

Bilateral reduction of armaments

enforced by U.N. police force

medium

medium

medium

medium

medium

medium

medium

medium

medium

medium

B

medium

medium

medium

medium

medium

low

low

low

low

low

low

low

hi gh

[ 1low

low

low

low

low

low

low

high

high

low

low

* . .o -
A question mark indicates that with respect to this
item the respondents had not been asked to assess the

desirability as such.




Proposed Measure

Desira—
bility

Effect—{ Proba—

iveness

bility

Strengthening of NATO alliance to
insure a guaranteed response to
prestated provocations

SU-initiated gradual improvement of
political atmosphere

Strategic arms control (halting
production but not R—and-D)

Clear US statement as to which
national interests are to be
protected by nuclear deterrents,
and orientation of our policies
to that end

Development of a new system of inter—
national political cue "signals"
which would indicate real intent
to go to war unless political
situation changes, such as
general mobilization in the past

Fostering educational and propaganda
measures designed to amend or
establish values of mutual
toleration of various ideologies
and the right to self—determin—
ation

Sharing of technological innovations
between US and SU

Support of NATO, SEATO, and OAS to
increase number of world forums
where political differences can
be resolved with minimum "loss
of face"

Offer of nuclear weapons to countries
which agree to support our state
national policies

Organized encouragement of conscien—
tious objection on the part of
scientists to cooperation in the
improvement of weapon systems

Creation of buffer zones to avoid
direct confrontation of major
powers

Recognition of Communist China and
East Germany — creation of a
realistic policy

US—initiated unilateral steps toward

~high

low

high

medium

Jow

low

low

low

low

low

.mediuml

low

medium

high

medium

high

low

medium

low

low

low

disarmament

low

high

low

medium

low

low



In order to obtain some idea of the potential impact
that the above measures might have, we concluded our in-—
quiry by asking each respondent his opinion of how much
the probability of a major war in the next 10 and the next
25 years would be reduced if the measures which he favored
were pursued vigorously. The result is shown below, The
status—quo graph, shown for comparison purposes, repeats
the January, 1964, estimates of the probability of war.
The solid bars again refer to the 10—, the dotted bars to
the 25—year period.

Status quo

1 I U RN SN SN S N
0 50% 1007%

Effect of pursuing favored measures

] 1 ] ] | | ] | ] J
0 50% 100%
We note that the reduction in the median probability is 75%
(for 10 years) and 707% (for 25 years). We also examined the
record to find each individual's reduction in these proba—

bilities; the medians of these reductions turned out to be
25% and 33% respectively, which—while not nearly so large—-
may still be considered strong evidence of the respondents'
optimism regarding the possibility of reducing their own

dire forecasts by taking appropriate preventive measures.

11. PREDICTED WEAPON SYSTEMS OF THE FUTURE

Panel 6, whose subject matter was future weapon systems,
had to work under a slight handicap in that the details of
such systems are generally not in the public domain because
of military secrecy. This had the dual effect of putting
a restraint on respondents who did have access to such
information, and of keeping respondents without such access

in the dark with regard to some of the current work being
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done in this area. A classified inquiry on the same sub—
ject would presumably have yielded additional items and
also more reliably dated forecasts.

The panel members suggested a total of 58 distinct
weapon—system developments. Of these, all but 32 were
eventually dropped from further censideration, because a
majority consensus indicated either that their feasibility
was so low as to make development in the foreseeable future
very unlikely, or else that their effectiveness, even if
developed, would be too low, or both.

The following page gives a graphical picture of the
outcome. Again—as in the case of Panels 1, 3, and 4
(Science, Automation, and Space)—we used quartile bars
peaked at the median. Figure 11.1 shows predicted dates
in grey under the assumptions of the status quo prevailing
(dark bars), and of a crash program (light bars). The
green bars show the "absolute" predictions solicited in
Questionnaire 4, in which the respondents had been required
to estimate operational readiness dates on the basis of
their own expectations as to the likelihood of a crash
program being instituted. The items were arranged in the
order of the median dates of the "absolute" predictions
(green bars). (The three gaps appearing among the grey
bars correspond to items representing afterthoughts that
were not submitted to the panel until the final round.)

It should be noted that in a few cases the median of
the operational-readiness estimates lies toward the right
not only of the bar of crash—program estimates but even of
that of the status—quo estimates, This may mean that the
respondents had a change of mind between Questionnaires 3
and 4. More probably, though, in the last round the concept
of actual operational readiness prevailed, while in the
earlier rounds the contingency estimates may have been made
subject to the additional, tacit assumption: "Suppose
there is a decision to go ahead with the weapon system in
question. "
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Figure 11.1 also carries, in the left—hand margin, a

tabulation of the medians of effectiveness and feasibility,

each measured on a scale from Q¢ to 10.
We have made an effort below to abstract from the

responses of the other five panels such material as mi ght

be relevant for future weapon systems.

No implication is

intended that these are forecasts of military instrumentali-

ities in the offing; we simply leave it to the reader

to consider them for what they are worth as regards

possible relevance to potential weapon systems of the

future.

The statement in the last column of this

tabulation merely represents the authors' extrapolation

of the item described in the first column into the field

of weapons application.

Predicted time

Possible implication

Item Panel|of availability
Median Quartiles for weapon systems
Establishment of a glo-| 4 1968 | 1967—1970 | Improvement in the
bal satellite communi— security of command-
cation system and—ontrol
Unmanned inspection and| 4 1967 | 1967-1970 | Potentially important
capability for de— defense against un—
struction of satellites authorized reconnais—
. . _ sance or against

rection oF secalrites | ¢ | 17O IOl S e

P T _ of carrying bomb loads
Effective fertility 1 1970 | 1970-1983|Possibility of long—

control by oral contra-
ceptive or other simple
and inexpensive means

term manipulation of
enemy's population
size through covert
seeding of his water
supply with oral con—
traceptives (alterna—
tive non—aggressive
version: contracep—
tive aid to under—
developed nations in
an effort to upgrade
their economies and
to remove a future
cause for war through
relieving population
Pressure)



Predicted time . . . .
Item anel| of avajilability P%gslble implication
Median| Quartiles r weapon systems
Development of new syn— | 1 1971 | 1970—1978 [New light—weight mili—
thetic materials for tary equipment, in—
ultra-light construc— cluding construction
tion items such as bridges
Air traffic control — 3 1974 | 1970—1977 [Complete tracking of
positive and predictive all aircraft by the
track on all alrcraft Air Defense Command
Widespread use of auto—| 3 1979 | 1977-1997 More efficient military
matic decision—making procurement plamning;
at management level for aid in strategic and
industrial and natienal tactical combat direc—
planning tion
Controlled thermo— 1 1986 | 1980—2000 Mobile power plants for
nuclear power tactical use; possibly
rocket propulsion
Limited weather control, 1 1990 | 1987—2000 Destruction of crops;
in the sense of sub-— flooding of enemy
stantially affecting territory
regional weather
Biochemical general 1 1994 | 19832000 Defense against bio—
immunization logical-warfare attacks
Global ballistic trans—| & 2000 | 1985—never] Rapid mobility of men
port (including boost— and arms to any point
glide techniques) on earth
Man—machine symbiosis, 1 2020 | 1990-never|Greater adaptability to
enabling man to extend hostile environments,
his intelligence by 3 2010 | 1985—2600 |especially in space com-
direct electromechani— bat; more effective use
cal interaction between of computing aids in
his brain and a com— tactical decision—making
puting machine
Breeding of intelligent 1 2020 | 2020-—neverUse of animals for re—
animals (apes, cetaceans connaissance and other
etc.) for low—grade labor ground—combat tasks
International agreements 3 2024 | 2018-2100 Removal of potential
which guarantee certain ressures toward war
economic minima to the Ei.e., a means for
world's population as a eliminating the need
result of high produc— for weapon systems)
tion from automation
Control of gravity 1 2063 | 2030-never Weightless combat vehi—
through some form of cles; raising the enemy
modification of the forces off the ground
gravitational field




Predicted time . . . .
R Possible implication
Item Panel ofdgvajlabll}ty for weapon systems
Manned maneuverable 4 2500 [1990-mever|Possible follow—on to
geocentric bombardment the Polaris concept
fleet
Feasibility of educa-— 1 2600 (1997-never|Potentiality of permit—
tion by direct informa— ting deductions from
tion recording on the vast amounts of collect—
brain ed data; possible edge
in scientific and tech—
nological innovation
Military force on the 4 never |1999-neveriSel f—explanatory
Moon
Heliocentric strategic 4 never |2500-never |Sel f—explanatory
fleet

12, THE WORLD OF 1984

If we abstract the most significant items from the
forecasts of all six panels, the following picture emerges
of the state of the world as of 1984:

The population of the world will have increased by
about 40% from its present size to 4.3 billion—that is,
provided no third world war will have taken place before
then. There is an 80 to 85% probability that it will not,
if present trends continue, but this probability can be
raised to 95% by appropriate policy teasures.

To previde the increased quantities of food needed,
agriculture will be aided by automation and by the avail-
ability of desalinated sea water.

Effective fertility control will be practised, with
the result that the birth rate will continue to drop. ‘

In the field of medicine, transplantation of natural
organs and implantation of artificial (plastic and elec—
tronic) organs will be common practice. The use of per—
sonality—control drugs will be widespread and widely
accepted,

Sophisticated teaching machines will be in general use.
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Automated libraries which look up and reproduce relevant
material will greatly aid research. World—wide communica—
tion will be enhanced by a universal satellite relay system
and by automatic translating machines. Automation will
span the gamut from many service operations to some types
of decision making at the management level.

In space, a permanent lunar base will have been
established. Manned Mars and Venus fly—bys will have been
accomplished. Deep-space laboratories will be in operation.
Propulsion by solid—core nuclear—reactor and ionic engines
will be becoming available.

In the military arena, ground warfare will be modified
by rapid mobility and a highly automated tactical capa—
bility, aided by the availability of a large spectrum of
weapons, ranging from non—lethal biological devices and
light—weight rocket—type personnel armament to small
tactical nuclear bombs and directed—energy weapons of
various kinds. Ground—launched anti—ICBM missiles will
have become quite effective. Aunti—submarine warfare tech—
niques will have advanced greatly, but improved, deep—

diving, hard—to—detect submarines will present new problems.

13. THE WORLD OF 2000

When we continue our procjection to the year 2000, the
following major additional features emerge as descriptive
of the world at that time, judging from the forecasts of
the six panels:

The population size will be up to about 5.1 billion
(657 more than 1963).

New food sources will have been opened up through
large—scale ocean farming and the fabrication of synthetic
protein.

Controlled thermonuclear power will be a source of
new energy. New mineral raw materials will be derived

from the oceans. Regional weather control will be past the



experimental stage.

General immunization against bacterial and viral
diseases will be available. Primitive forms of artificial
life will have been generated in the laboratory. The
correction of hereditary defects through molecular engineer—
ing will be possible.

Automation will have advanced further, from many menial
robot services to sophisticated, high—-IQ machines. A uni-
versal 1language will have evolved through automated com—
munication.

On the Moon, mining and manufacture of propellent
materials will be in progress. Men will have landed on
Mars, and permanent unmanned research stations will have
been established there, while on Earth commercial global
ballistic transport will have been instituted.

Weather manipulation for military purposes will be
possible. Effective anti—ICBM defenses in the form of
air—-launched missiles and directed-—energy beams will have
been developed.

14, CONCEIVABLE FEATURES OF THE WORLD IN THE YEAR 2100

When we try to look as far ahead as to the year 2100,
there can be no pretense regarding the existence of any
consensus among our respondents. We record the following
developments, for which there was a median forecast of no—
later—than 2100, not as a prediction of the state of the world
world at that time but as an indication of what a number of
thoughtful people regard as conceivable during the next few
generations to come:

By the year 2100 the world population may be of the
order of 8 billion.

Chemical control of the aging process may have been
achieved, raising a person's life expectancy to over 100
years. The growth of new limbs and organs through bio—

chemical stimulation may be possible. Man-machine symbiosis,



enabling a person to raise his intelligence through direct
electromechanical tie—in of his brain with a computing
machine, is a distinct possibility. Automation, of course,
will have taken further enormous strides, evidenced in all
probability by such things as household robots, remote
facsimile reproduction of newspapers and magazines in the
home, completely automated highway transportation, etec.

The problem of adequately providing the necessities
of life for all peoples of the earth will presumably have
been solved by international agreements based on the abun—
dance of new sources of energy and raw materials opened up
in the twenty—first century. As for materials, it is even
possible that elaborate differential mining processes will
have been abandoned in favor of commercially efficient
transmutation of elements.

Conceivably, revolutionary developments will have be—
come feasible as a result of control of gravity through
some form of modification of the gravitational field.

A permanent lunar colony may well have been established,
with regularly scheduled commercial traffic between Earth
and Moon. A permanent base on Mars, landings on Jupiter's
moons, and manned fly—bys past Pluto are likely accomplish—
ments. Possibly even a multi—generation mission to other
solar systems may be on its way, aided conceivably by
artificially induced long—duration coma. Two—way communi-—
cation with extra—terrestrial intelligent beings is a
definite possibility.

15. EDITORIAL COMMENTS ON THESE FORECASTS

Before leaving the substantive aspects of this report
and proceeding to a discussion of method, we would like to
interject a few remarks reflecting our own reaction to
some of the panel forecasts.

First of all, we would like to register our surprise
at some of the ideas that have been propounded. To other



persons, of course, a different set of items might be the
unexpected ones. These are among the ones which we had
failed to anticipate:

The implication that the water—overed portions of
the earth may become important enough to warrant
national territorial claims.

The possibility that continued developments in auto-
mation will result in serious social upheavals;

the almost complete acceptance of the necessity

of regulative legislation.

The probability, in the relatively near future, of
very widespread use of personality—-control drugs.

The notion of an actual symbiosis of man and machine.

The use of computers as ''colleagues'" rather than
servants or slaves.

The fact that control of gravity was not rejected
outright.

The relative confidence that the population curve
would begin to level off during the next generation.

The strong likelihood of the emergence of weapons
of a nonkilling, nonproperty—destroying nature,
covert perhaps, attacking on the psychological or
biological level.

The idea of perishable counter—insurgent arms.

The general disagreement with the concept of deep—
space military applications, such as heliocentric
strategic fleets.

The anticipated relatively high probability of
another major war.

The absence, on the one hand, of significantly new
ideas for the prevention of war, and the confidence,
on the other, that the application of what may almost
be called traditional proposals to this effect hold
great promise for reducing the probability of war.

Secondly, we feel it incumbent upon us to point out
certain warnings which seem to be implied in the opinions
of our respondents. Our motivation in doing so is not to
prophesy doom but to indicate the areas, however obvious,
in which a major effort will have to be concentrated in
order to avoid future disaster. They can be subsumed
under four headings:

War prevention. While the odds are considered to be




against another major war within the next generation even a

20% chance of this (within 25 years), which is the War Pre-—

vention panel's median prediction, is clearly intolerable.

The main danger appears to be in mutually undesired escala—

tion and downright inadvertence, hence a major effort to

seek improved ways of forestalling such disaster is mandatory.
Equitable distribution of resources. While there is

a consensus that eventually there will be an abundance of
resources in energy, food, and raw materials, it is not
at all a foregone conclusion that they will be plentifully
available in time to keep ahead of the increasing world
population, or what is more, that effective means of an
equitable world distribution of such assets will have been
found and agreed upon. To solve these problems in time
will clearly be a great contribution toward the prevention
of (big or small) wars.

Social reorganization. The anticipated explosive

growth in the amount of automation is likely to reshape the
societies of industrialized nations considerably, perhaps
beyond recognition. While improved and highly automated
methods of education will make the acquisition of technical
skills available to a larger fraction of the population,
only the very ablest people are likely to be needed to
manage the new, automated, economy. Since robots are apt

to take over many of the services, especially the more
menial ones, large segments of the population may find them—
selves without suitable employment within an economy of
potential abundance. Far—sighted and profoundly revolution—
ary measures may have to be taken to cope with this situa—
tion and to create new patterns within which a democratic
form of society can continue to flourish. ''Earning’ a live—
lihood may no longer be a necessity but a privilege; services
may have to be protected from automation and be given social
status; leisure time activities may have to be invented

in order to give new meaning to a mode of life that



may have become "economically useless' for a majority of
the populace.

Eugenics. Finally, to mention a preblem which, though
not upon us as yet, will require much forethought and
wisdom, there is the possibility—now just below the horizon
but expected to be realized within a generation or two—
of selectively extending an individual's life span through
biochemical methods and of selective eugenic control
through molecular genetic engineering. The potential
dangers of mismanaging these capabilities are too obvious
to require formulation.

16. CONVERGENCE OF OPINIONS
We now turn briefly to an examination of some of the

methodological features of our experiment.

Many of the questions put before Panels 1, 3, 4, and
6 (Science, Automation, Space, and Weapons) were asked more
than once. This gave us an opportunity to determine the amount
of opinion convergence that was taking place in the process
of interrogation.

A convenient measure of the spread of opinions is the
quartile range, QR, of the responses. Figure 16.1 shows a
scatter diagram of the final quartile range, QRy, versus
the original quartile range, QRy, for each repeated questionm,
(The numerals used to spot these points refer to the panel
number.)*

It can be seen at a glance that the quartile range de—
creased, since the majority of the points lie well below the
45°-line. The median ratio of QR2/QR1 is almost exactly 5/8.
Broken down by panels, the median reductions in quartile range
are as follows:

Panel Median or QR2/QR1

|
H
]
!
|
l

1 (Science) ; .60
3 (Automation | .73
4 (Space X .63
6 (Weapons) H .61

*

A detailed graphical report on the convergence of
opinions, by individual questions, is given in the Appendix
to this report.
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Fig. 16.1 — Opinion convergence: Final versus initial quartile ranges



The question for Panel 2 regarding future birth and
death rates was also repeated, but the composition of the
panei membership changed so much as to make a comparison
not very meaningful. We report, for the record, that the
median and quartile population curves computed on the
basis of the panel's original and final responses did not
differ significantly.

For Panel 5, the questions of the probability of war
and of the likely causes of outbreak were raised twice.

The response has already been recorded and discussed in
Section 10 above. As for the questions relating to mea—
sures for reducing the probability of war, while the
descriptions of these measures were repeated, the solicited
modes of appraisal were too different to permit direct
numerical comparison; qualitatively speaking, reasonably
good convergence was generally observed.

In a number of "repeated" questions in Panels 1, 3, 4,
and 6, the precise wording had been changed in an effort
to eliminate ambiguities that had been brought to our
attention. While we cammot point to a general pattern of
success in achieving a better consensus through this device,
an example may illustrate the effect which we had hoped
to achieve;:

The original wording of the question labelled "Social
6" addressed to the Automation panel mentioned

"Computing machines becoming the most significant
intelligence on earth';

this was subsequently changed to

"Availability of a machine which comprehends standard
IQ tests and scores above 150,"

and finally amended in the last questiommaire by the paren—
thetic addition

"...where 'comprehend' is to be interpreted behavior—

istically as the ability to respond to questions
printed in English and possibly accompanied by
diagrams."



Here are the statistical characteristics of the successive sets
of responses, which speak for themselves:

Questionnaire Median Quartile range

3.2 2050 2010 — never
3.3 1995 1985-2025
3.4 1990 1984-2000

While the results reported here indicate a reasonably satis-—
factory convergence of opinions—as exhibited in particular in
Fig. 16.1—we do not wish to make exaggerated claims in this
regard. Hence we are adding these cautionary comments:

A number of questions were not pursued because of their
relative unimportance in the face of an initial highly divergent
response., We cannot guess whether a satisfactory process of con—
vergence would have been observed, had we taken the trouble to
continue the inquiry on these topics. Also, in a number of cases
where a question was pursued through several rounds, a considerable
divergence of opinions persisted. To cite just two examples, the
Science and Automation panels each disagreed on predictions re-—
garding the feasibility of direct electromechanical man—-machine
symbiosis (medians: 2020, 2010; quartile ranges: 1990 — never,
1985 — 2600, respectively); and in the Space panel there was a
dissensus as to when (but not whether) propellent materials might
be mined and manufactured on the Moon (median: 1990, quartile
range: 1980 — 2020).

Whether or not the convergence observed in the Delphi pro—
cedure compares favorably in amount and rationality with that
obtained by more traditional modes of consensus formation, such
as a round—table discussion, is a moot question. We submit,
though, that even if the effectiveness of the Delphi technique
in producing a consensus is not superior to other methods, it
can conceivably offer considerable advantages in cost and
reliability—the former by avoiding the need for assembling the
experts in one place, the latter by not subjecting them to the
persuasiveness of oratory or to the bandwagon effect of prominent
authority and of face-to—face confrontation with majority opinion,
but merely to the milder form of anonymous social pressure exerted
by the feedback of some information on the range of opinions held
by the group.



17. PREDICTION PRECISION AS A FUNCTION OF TIME

The precision with which a panel as a group predicts
the date of a future event, as measured by the narrowness
of the quartile range, must be expected to diminish with
increasing distance in the future. The scatter diagram
in Fig. 17.1, which covers all items with a median date no
later than 2020, not only confirms this but reveals the
additional fact that the size of the quartile range on the
average is about equal to the expected distance in the
future. (The numerals again refer to the panel number; in
the case of the Weapons panel (Panel 6), the absolute rather
than the status—quo or crash—program forecasts have been used.)

We mention in passing that the position of the median
within the quartile range, on the average, 1s about one
third of its length from the lower end:

1 : 2

Hence, if an event has a median predicted date x years in
the future then, on the average, the corresponding quartile
range will span the interval from TX years in the future

to %x years in the future (e.g., for an event with a median
year of 2000, the ends of the quartile range would average
approximately 1988 and 2024).

In this connection we may briefly refer to the rather
special case of Panel 6, where we had asked for predictions
of the availability of new weapon systems under two dif—
ferent assumptions—mnamely, that of the status quo and that
of a crash program—to be followed in the final question—
naire by an absolute prediction.

As a preliminary observation we take cognizance,
through Fig. 17.2, of the dependence of the potential speed—
up due to a crash program (the quantity SQ-CP, where SQ
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and CP are the median dates of availability under the two
assumptions) on the predicted date under the status quo
(=SW). Points above the dotted line are those for which
the expected time from the present to operational readi-
ness is axpected to be cut at least in half by instituting
a crash program. The figure shows that this is the case
for more than half the weapon systems considered.

The next figure, 17.3, gives the quartile range of
each absolute prediction of a weapon system's operational
readiness as a function of the quartile range of the
corresponding status—quo prediction. The prediction pre—
cision, as measured by the inverse of the quartile range,
is reduced in the madian (broken line in Fig. 17.3) by
30% when we go over from status—quo to absolute forecasts.
This deterioration is accounted for by the additional un—
certainty as to the engagement in a crash program, which

the respondents had to assess in naming absolute dates.

18. PREDICTION FREQUENCY AS A FUNCTION OF TIME

The median dates for which Panels 1, (Science) 3, (Auto—
mation) 4, (Space) and 6(Weapons) predicted occurrences in
their areas of concern were distributed noticeably differently
for these four panels, as shown in Fig. 18.1, where the rela—
tive frequencies of predictions by l0-year intervals are
displayed separately for each panel.

Panel 1, on scientific breakthroughs, is seen to have
the comparatively most uniform distribution over time,

The forecast dates of Panel 3, on automation, show a sur—
prisingly smooth distribution peaked at the 1975-84 inter—
val. Panels & and 6 both produced U-shaped distributions,
with the notable difference that Panel 4 gave almost equal
weight to both ends of the time interval, while Panel 6
concentrated heavily on the decade lying immediately ahead.

Taking the median, marked M, of the predicted median

dates as an indicator of how far, on the average, each
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panel is looking into the future, we note that this median
time horizon is about 10 years for Panel 6, 20 years for
both Panels 3 and 4, and 25 years for Panel 1.

While these differences are sizeable, they are not
at all surprising, considering the subject matters of the
panels concerned.

19. CONFIDENCE AS A FUNGTION OF PREDICTED DATE

The members of Panels 1, 3, and 4 were asked, in
several questiomnaires, to state not only the year by which
they thought an event had a 50% probability of oceurrence,
but also by what year they felt 907 confident that the event
would occur. 1In Fig. 19.1 we have plotted the medians of
these 90%-confidence years against the medians of the cor—
responding 50%-confidence years for all events for which
the latter was no later than 2000.

The graph, not unexpectedly, shows a close correlation.
Denoting the distances in the future of the medians of the
50%— and 90%—years by M and M.9 respectively, we note as
a matter of curiosity that

median (M,9/M,5) =9/5 =1.8,
with a corresponding quartile range from 1.6 to 2.0, as
indicated by dotted lines in the figure.

20. CRITIQUE OF EXPERIMENTAL PROCEDURE

The procedure we have followed in this experiment is
open to many criticisms. Some shortcomings we were aware
of from the beginning, some became clear as we went along,
others were brought to our attention through comments by
our respondents, still others will undoubtedly occur to
the readers of this report.

It is precisely because of our conviction of the basic
soundness of our approach that we wish to devote some space
to a critical discussion of our procedure. In particular,
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we would like to establish, for possible future reference,
which deficiencies could have been corrected and thus are
in principle avoidable, and which others are weaknesses
inherent in the method.

(a) Instability of panel membership. The make—up of
each of our six panels of respondents fluctuated consider—

ably; some early participants dropped out others

were added after the initial round. While in principle we
see no objection to some changes in panel membership—in
fact, scientific progress in general relies on the constantly
changing collaboration of many contributors— we have no
doubt that the convergence of opinions is impeded by too
many substitutions. To eliminate the latter entirely would
be virtually impossible in view of unforeseeable circum—
stances and of the many competing demands on their time to
which a group of experts is bound to be subjected. One
means of keeping changes in personnel within reasonable
bounds for the duration of an experiment might be to have
some form of contractual arrangement with the participants.

(b) Time lapse. Too much time elapsed between succes—
sive rounds, the average lapse having been about two months.
Better advance organization plus possibly the omission of
overseas respondents might have reduced this to one month
per round. The excessive length of time presumably was
partly responsible for some of the drop—outs mentioned
under (a); it also may have caused some genuine shifts of
opinion due to the mere passage of time, with its concom—
itant change in the state of our knowledge generally.

(c) Ambiguous questions. Many of the questions put to
the respondents, perhaps even a majority, were worded
ambiguously. To some extent we regard this as unavoidable,
because precision of meaning can often be bought only at
the expense of legalistic phraseology, whose cumbersomeness
would be repellent to many respondents. Yet an even greater
effort should be made, by being reasonably specific, to




avoid the possibility that two respondents may form widely
disparate interpretations of the same question. We are
conscious of having violated this prescription in several
instances—~for example, when we asked for a specific date
for the occurrence of an event that was inherently a matter
of gradual development.

(d) Respondents' competence. The questions put to

each panel ranged over a large field. With all due regard
for our eminent respondents, it is not reasonable to expect
that each could be equally competent with regard to all of
the areas touched upon by our questions. Thus the answers
by highly competent experts were somewhat diluted by less—
highly informed estimates on the part of others. This effect
was even slightly enhanced by including among the responses
those of volunteers from other panels who submitted answers
to questionnaires not addressed to their own panel. There
are several remedies for this defect. On the one hand, the
members of a panel might be selected for their known ex—
pertise within a narrowly defined area, and questions be
confined rigidly to the latter. On the other, the respond—
ents might be encouraged to leave blanks in the question—
naires whenever they feel unsure of their judgment, thus
leaving the matter of their qualification to their own
discretion. Our own preference would be in the direction
of this second altermative, with the possible further
modification that the respondents answer every question,
but add in each case a self-—appraisal of their degree of
competence in answering it. Precisely how this should be
done is an open question which might be made the subject
of a separate study. We merely mention that there are
problems concerning scale comparability of different re—
spondents' self-appraisals and concerning the optimal use
of such self—appraisals in devising a consensus formula.
(e) Self—fulfilling and self—defeating prophecies. 1If

a person of great authority and trustworthiness were to

amounce that the condition of the U.S. economy for the



foreseeable future is excellent, the strengthening effect

on business morale might be such as to improve the state

of the economy, thereby making the statement to some extent
a self—fulfilling prediction. Conversely if, say, it were
announced that we are about to lose our race with the
Russians to the Moon, the effect might be a redoubling of
our effort, thereby turning the statement into a self-—
negating prediction. It has been objected by one of our
panelists that some of the predictions which we solicited
might be of one of these types. Leaving aside the implica—
tion—to which we emphatically do not subscribe—that the
publication of the answers to some of our questions might

in fact affect the future course of history with regard to
the subject of the questions (e.g., by hastening or retard—
ing a predicted event), there still remains the possibility
that a respondent's answer might be biased by his expecta—
tion (whether conscious or not) that the announcement may
affect the truth of the prediction's content. If this were
s0, then the respondent would cease to be acting as a pure
predictor but would in part become a would-be manipulator

of the future; in addition, so it has been said, the very
act of his stating a probability for some future event would
involve a logical circularity, because by stating it he
would affect it. While the first possibility, of attempting
to play politics as it were, must be admitted to be a real
one, which may place a respondent in the position of having
to choose between what he thinks is right and what he thinks
is true, there seems to us to be no real evidence of a logi-—
cal circularity. 1In other words, if a respondent wishes to
make an objective forecast, he can do so without getting
involved in a logical fallacy. To see that this is so, let
us consider the case where the probability of the event E at
some future date is to be estimated. Let e be the probabil—
ity, according to the respondent's opinion, that E will occur
provided no public announcement of the outcome of the ques—
tioning process is made, and let £(x) be his estimate of that



probability if an announcement is made stating that the
probability has been estimated to be . Then, if the an—
nouncement in itself were ineffectual, we would have

f(x) = e
for all x. 1If it were self—fulfilling or self—defeating,
f(s) would be monotonically increasing or decreasing re—

spectively, as shown in the figure below.

In either case, there will be at least ome point (in the
second case, exactly one point) X, for which

f(xo) = X,
so that a forecast of X, as the probability of E induces
a probabiiity X3 thus making x, a logically consistent
estimate.

f. Consensus by undue averaging. The objection has

been raised that the emphasis we place on the median as a
descriptor of the group opinion and on the quartile range
as a measure of the degree of consensus biases the outcome
unduly against the far—out predictor, whose judgment may
after all prove to be right while the majority opinion may
be wrong. We regard this objection as not entirely un—
justified with respect to the present experiment, but as
invalid as a criticism of the technique in general. It
should be remembered that it is an essential feature of
our method that a respondent who disagrees with the major—
ity is invited to state his reasons for such disagreement,
and that all the members of the panel are given an

“Since writing this, our attention has been drawn to
the following similar but more detailed treatment of this
subject: Herbert Simon, "Bandwagon and Underdog Effects
and the Possibility of Election Predictions,'" Public Opinion
Quarterly, Vol. 18, 1954, pp. 245-53.




opportunity to accept or reject such reasons and to reeval—
uate their opinions on the basis of whatever merits they
believe these reasons deserve. Thus a far—out opinion is
in principle rejected only if its proponment fails to justify
it before the rest of the panel. The valid part of the
objection against the overly averaging influence of our
procedure appears to us to be directed at our not having
sufficiently observed this principle in practice. In re—
trospect, it seems that we should indeed have been more
insistent on eliciting explicit reasons for minority opin-—
ions, and should have provided an opportunity for explicit
critique of such reasons, even at the expense of an addi—
tional round if necessary. We might thus have retained
items that were rejected early, and explored them more
thoroughly through further questioning; this material still
forms part of the record of the experiment (see the ques—
tionnaires reprinted in the Appendix), but without our
having been able to make any satisfactory disposition of it.
(g) Substantive breadth. The above points are all

concerned with method. Substantively, although we had

aimed for coverage of most of the major aspects of the

world of the future, we would have done better in this

respect had we also included in our survey a panel expli-—
citly devoted to exploring the future of international
relations. The War Prevention panel, of course, was con-—
cerned with perhaps the most important issue in this area, and
other panels incidentally touched upon various aspects of the
international scene, but it would have been greatly desirable
to attempt a more systematic examination of this subject.

21. CONCLUSIONS

In trying retrospectively to assess the merits of our
experiment in forecasting, we may summarize the outcome as
follows:

Substantive forecasts. For many items whose occur—

rence 1s generally expected within the next few decades, the



predicted time of this occurrence has been narrowed down some—
what. TFor others in the same category, we have found that even
among experts there is little agreement as to the date, indi-
cating perhaps that relatively greater uncertainties are involved,
which preclude more precise predictions at this time. As for
the more remote future, we have observed that some events are
definitely expected to happen (though at an uncertain date),
some are considered of dubious realizability, still others have
been ruled out altogether by our respondents. None of these
predictions should be endowed with excessive reliability,
because of the smallness of the sample of respondents, the
variability of their expertise, and the possible intervention
of unforeseeable breakthroughs., Still, the number of surprises
in store for us may have been reduced a little.

Warnings of potential dangers. Among the contingency

forecasts implicit in the responses were indications of
potential danger areas that call for preventive action (see
Section 15 above). Among these are the possibilities of war,
of a continuing maldistribution of food and other commodities
in the face of plenty, of social upheaval due to progressive
automation, and of unbridled biological applications of mole—
cular engineering.

Effect on the participants. Although the f£illing in of

our questionnaires must have had its nuisance aspects, there is
evidence—or at least we like to think so—that the questions
were thought—provoking to many of our respondents, who may have
found some reward for their labor through the mental stimulation
to which the experiment exposed them.

Expediency of the method. Nothing that occurred in the-
experiment seemed to us to discredit the method in principle,

and at least moderate consensus was usually obtained without
excessive effort. The dependence of the outcome on certain sub-—
jective features, such as ambiguity in the wording of

questions, uncertainties regarding the degree of expertise



among the respondents, and the possibility of deliberate
or subconscious bias in the answers (see Parts (c), (d),
(e) of Section 20 above), while not totally unavoidable,
is equally present—if not more so—in traditional modes
of reliance on expert judgment in decision-making.
Feasible improvements in method. The experiment has

pointed up the need for various kinds of methodological and
procedural improvement. Some of these could be introduced
without much difficulty. 1In particular, one would want to
see to it that the panel membership remain reasonably stable,
that the time between questionnaires be held within more
acceptable limits, that questions be phrased with greater care
to avoid unnecessary ambiguity, and that enough cycles be
provided to allow for adequate feedback, not only of the
primary reasons for opinions, but also for a critique of
such reasons.

Potential improvements through further research. A

more effective use of experts in a Delphi context might be
achieved through further methodological research in several
areas: (a) Improvements in the systematic selection of
experts.* (b) Experimentation with various schemes for the
respondents to give a self—appraisal of competence, either
absolute or relative to that of their fellow respondents.
(¢) Methods of improving reliability of forecasts through
suitable consensus formulas, possibly based on appropriate
self-ratings. (d) Experimentation with various methods of
leeding back information, in order to learn more about the
sensitivity of opinion changes to both the form and the
contents of such feedback. (e) Comparative analysis of social
pressure and persuasive reasoning as determinants of opinion
convergence, (f) Formulation of a statistical model of the
question—and-answer operation of an expert panel, in which
the latter would be viewed as a measuring instrument for

the substantive quantities which form the subject of the

*See "On the Epistemology of the Inexact Sciences,"
l.c., p. 43.
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questions; each respondent would here have to be represented
by an error distribution, and some hypotheses would have to
be stated as to the relative independence of the measurement
thus obtained. (g) Development of techniques for the formula—
tion of sequential questions that would probe more systemat—
ically into the underlying reasons for the respondents'
opinions, in a deliberate effort to construct a theoretical
foundation for the phenomena under inquiry.

This concludes our report. The appendix contains re—
prints of the essential portions of the questionnaires, a
breakdown of the roster of respondents, a set of graphs
exhibiting the amount of convergence observed in the case
of repeated questions, and a small collection of comments,
criticisms, and other opinions expressed by our respondents
which we thought particularly worthy of quotation.
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PART Al

QUESTIONNAIRES ADDRESSED TO PANEL 1 ON
SCIENTIFIC BREAKTHROUGHS



LONG-RANGE FCRECASTING STUDT

Questionn'airo 1

1.1, SCIENTIFIC BREAKTHROUGHS

One of the major problems of conducting a predictive study
which poaes its queations on the basis of extrapolations of
current technology is the almost unaveldable exclusion of dia-
continuous atate-ocf-the-art advances,

In this current study a pericd of 50 years is belng con-
sldered. It is possible that inventions and discoveries not yet
vlisualized could have a major impact on our society during this
intervel. I% 1s easy to observe that the pace of sclentific and
technological inncvation has been steadily incresasing and that
the time between origination and application has been decreasing.
Therefore we bellieve that many generations of inventiona can
find application during the pearicd under study.

Some insight even into discontinuous state-af-the-art
advances might perhaps be gained by examining the world's nead
for such advances, in view of the 0ld truism that neceasity is
the mother of invention, Therefora, you are asked to liat below
major inventicns and aclentific breakthroughs in areas of apecial
concorn to you which you regard as both urgently needed and
feasible within the next 50 years:

Do you know of the exlstence of any information, in the feorm
of tabulations or analyses, that might be particularly valuable
in reaching projectlons of the kind reguested?

1963-65
65-68

68~72

T2-78

86-97

97-2013

Later
Rot at

any time

TABLE 1.2a
Sociological
i. Commnication vith animals
2., Breeding of intelligent animals

{apes, cetaceans, etc.) for low-
grade ladbor

E. Educatlon by eutomation
- Educatlen by otber means, such

as direct information-recording
on the brein

5.

Likelihood of war

Education or conditioning in
social behavior to reduce the

Qusstionnaire 2
1.2 SCIENTIFIC BREAKTHROUGHS

a, Listed below in Teble l.7s are most of the scientific breakthroughs
suggested by the respondents as potentially possible during the
next 50 years, Flsase indicate your Judgment of the probability
of implementation during each period. Mote that the mmbers
inserted by you in each row should add up to 100. (In the case
of {tems Involving gradual development such as synthetic food
production or automated education, "implementation” should be
interpreted as referring to the time from which the effect on our
soclety will no longer be megligible.)

t. Considering the breakthroughs suggested in Table 1.2 are there
other potential breakthroughs which you would care to add? When
4o you believe they will cccur? Please make your additions in
Table 1.20b.
Table 1.2m

GUMMARY OF OFINIONS ON SCIEFTIFIC BREAKTHROUGES

Probability of Implementation
During Period

) Al
A% 5PN s
o I I O R B

Biological

1. Chemical contrel over
heredity - molecular biology

2, Blochemical general
immunization
3, HBiochemicals to stimlate

_MM
. Synthetic generation of

pretein for food

{Oral contraceptive

. Other means of fertility control
. New organs through iransplanting
or prosthesis

» Use of telepathy and ESF in
commnicatione

Understanding of the¢ physiclogy
of mind-brein bebavior

Chemical control of the aging
Process, permitting extension
of life span by 50 years

- _Cancer cure

5|5

Man-machine symbiosla, permit-
ting man to extend his
intelligence directly through

tbe use of computing mechines

I3. Creation of artificial life

6. Automatic translators
T. Effjcient idea-coding to convey
Preclae informmtion independent
of language
4. Fopulsr use of personality control
drugs
9. lohg-duration coms to permit a
form ¢of time travel
10. Bolution to the problem of distri-
bution of goods--computer identifi-
cation of points of need
T, Computing machines becaming the
most significant source of
intelligence on earth
12, Digcovery of life on Mars
13. Commnjcation with extra—
terregtrials
Physical
1. BReformation of physicml theory,
eliminating confusion in quantume
relativity and simplifying
particle theory
2. Experimentation with anti-matter

E. Control of gravity
+ Controlled thermo-nuclear power

5.

Commercially efficient transmu-
tation of eismente

Focueed electromagnetic radistion
for power transmission

Belay of solar energy vim
satellite

Efficient electric storage device

Liplted wveather control

Beliable wepther forecasts

Minieturization of electronics
carried to the molecular level

2.

Automated highveys

13.

Meagurenent of curvature of the
universe

14,

15.

anyvhere on earth

ting wccurate earthquake prediction
. Development aof new synth=tic ma-

Ballistic transport - 2 hours to

Theory of the earth's crust permit-

terinls for ultra-light construction

IT.

Operation of nuclear power systems
providing electricity @ 3-b milla/
Kw-hr 5-10 year refueling pericd

"1

Cellection and concentration of
e0lar energy, used for pawer or In
men-made organic chemigtiy
manufacturing procesges

1g9.

Cperntion of & central data storage
facility with wide access for
general or specialized information

retrieval

1.

Pood and Rav Materials

Rise in world agricultwral gross
yields by a factor of ten

2.

Economically useful desaliivation
of nea water

Econaeical working of low-grade
metal ores

Exploitation of the ccean boticm
through farming and mining




gQuestiannairae 3
1.5 SCIENTIFIC EREAKTHROUGE

ar the liat of patential sclentific and technologloml breaxthroughs sub@itted to you
previously We are now proposing to drop a large fracticn from further conslderation. Some

do not seam importént éncugh to yarrant further axamination. On othars aome form ¢f eonsenmum
nas already emarged (see Part {a) below}. Thoss remubmitted to you {as Itama 1-17) in Part {a)
below, therefors, are potentlal breakthroughs on which no satisfactory ocofinanzua hxa n
obtained bo data but which are impartant encugh te justify looking for &n explanation as to
why opiniens on their cccurrence aiffer no widely.

a. The Tollowing aunmary represents a consensuf of a large wmajority of respondanta:

Table 1.3a
_ﬁq??_%a_ 3 =
olagien €W Organa Ioug! TANAD. g or

prostheain

Socicloglenl € Automatlc langusge trunslators Within 25 yearm

Table 1.3¢ (comtinuad)

Dencription Conssnaus
ation of a o conpensus,

primitive form
of artiricial
11fe

Sof—year| SOf—year

Renson

but & majority
opinion that it
will cecur,
thouxh not
wWithin 25 yesrs

Why before 1900
or after 2013 {or nawer)t

Peanibility of
aducation by
direct informa—

Ko consensus

why befors 1987

or novert

1ity with wide access for general
or apecinlized informotion retrisval

Long—duretion coma te permit & form
of time travel
Communication with extra—terrestriala

Blochemlcels to atimlate growth of
new organs and limbx

Breeding of intelllgent animals
(apes, cetacmanz, etc,) ror low—
grade labor

use of talepathy and BESP
cation

Computing machiness becoming the moat
signifizant sourca of intelligence
on Earth

within 35 years

Saclological 9 ¥at within 25 years

Soclologieal 13 but eventually

Riologicel 3

Not within 25 years
if ever

Sociologieal 2 Not within 35 years
T ever

Biologlenl 8 in commni-— Mot within S0 years

if evar

1.3 p.2

Do you, by and large, BRres with the opinlon Iep by the tabulation given
on the preceding page? If you disagree with any partlcular item, plesss indicate which,
gnd briefly atats your reasen lor your differing opinion:

b. It has been suggeated that majfor breakthroughs are urgently needed in the organizational
operational methods of solsptific investigation. The follewing table l1sts three szamplan
of such. Flease add others at the end of the table.. Oive um your opinion of the probability
of accurrance and of the desirgh?lity of each ltem:

Table 1.3a
Probablility of
cocurring within
10 _yrs]25 yra ¥rs

Benefit to soclety

Braaithrough 1f occurring
Hig] o

1 A reform of present modes of aclentific
communication through the use of auto—

1likelihood of
war through edu—
cation or other
condltiening in
mocial benavior

Physical 16 Davelopment of new mynthetlc mate—
rials for ultra-light sonatruction
Phyaical 10 Rellable Wenther forecasts eact in S b = T ToTEEnAGE eToTe 157
t1 1 at - Kot i Y GubRtAntial R
Fhynical 19 Operation of 4 central atorage fac thin § but duction in tha or aftor 20137%91' navar)?

mated information retriaval aystems

2 Rearisptation of sclentific methodglogy
towax-d_ greater interdisciplinary ¢oopembion

3 Wldespread usc of pimulation for experi-
mentation in the soclal aelenges

10 wWidespread sacially |[Divergent opin— wWhy before Iﬂ'{
accepted use of ions, possibly or after 2013 [or TeveT)T
nonnarcotic peraon—|due o differ-—
ality control drugs [ing interpre—
produsing specific [tatlons of the
paychologlcal orlginsl
reactions guestlon

11 Heformatian of Consenaus that before 1975
physical theory, 1t will oocur; or after 20137
eliminating oon— Aisagreement
fusion in quantum— |ea to when
relativity and
aimplifying
particle theory

12 Control of Ma jority opln— Why befors 2013
gravity through lon thet it or nevep?
some form of will probably -
mpdification of NAVET DCOouIy
the gravitational |and at any rate
field not within 5C

yenrn

13 Contrelled Consensus that Why before 1579
thermo—nuolenr 1t will ocour; gr after 20137
power disagreement

as ta when

1T Gowmercially

eff1olant manu—
facture of arbi—
trary chemical
slsmants from
sub-atonic
Yullding blocla

¥o condensus,

posaibly dus
to differing
interpretation®
af original

question

Why vefore 1590

ST naver?

15 Limited weether Congenaus that Why belorc 1972
. 7
.. The following table gives a st of potentisl solantific and technologieal breakthrougha sontl e | drsasresment £ fter 20137
on which thus far no satisfactory comsensus has been obtained. It conslsts mostly of Itemd able to exert a a8 to when
previously submitted to the panel and judgad to be sufficiently important te daserve aubstantial effect
fupther sxploration, plua a Tew aftertheughts nuggeated by panel membara In reaponse Lo on reglonal
Guestiomnalre 2. You are belng anked to reeatimete the time ol occurrence af each ftem weather &t
and tn eertain casea to state briefly your principal Teason for this opinlon.
16 Eoonomically Conmensua thet Why before 1973
Table 1-3c useful exploita— | it will oceur; or after 20137
Deacription of Consensus In your opinion, If your 50% satimmte falla within tion of sea water dl!:!";:ent
+ potentlal or dissensus | by what year does | aither the earlier or the later as to when
breakthrouzh ta date the probabllity of | period Indicated, briefly atate
securrence ranch your peaman for this opinion
0% e
1 Peasibility of Conmenaus that Why before 1957 17 Economically Ko consansus why bafore 198
eheinienl oontrol | 1t w11l eccur; or aftsr 20137 useful axploita— or after 2013 Eor never)t
over hereditary dlsagreement - tion of tha gcaan
defecta through an to when ' bettom through
molegular engl— farming and
neering mining
2 Blochemicml gene— | Conseénsus that why before 1987 18 Uaez of drugs to Hewly proposed Why before 198
ral lmmunization it will ocecur; or after 20137 ralse avernge item or after 2013 {or never}t
aganinst bacterial disagrecment intelligence -
and viral diseases | as to when leval

% Peasibility of
commercial gan—
eratton of aym—
thetic protein
for food

Consenaua that
it will aeeur:
disagreemant
a8 to when

or

why before 1979
after 20137

aimple and in— within 25 years

expensive means

% Effective ferti~ | Majority Why bafore 1969
1tty control by opinion that or after 19867
oral contra— 1t will be -
captive or other feanibla

Virtual sor—
aensus that it
will sceur
(though not
within 10
years]: dia—
agreement a8
to mhen

5 Chemical sontrol
. of the Bging pro—
cans, permltting
extanaion of 1life
apan by 50 yaars

Why befora 1973
br arter 20137

[ ™an—mchine aym—
bioais, enabling
man to sxtend hie
intelligenca by
dlrect elaatro—
mechanical intar—
motlon between
hia brain and &
comput ing -

Widely divergent
opiniona, poo—
p1bly due o
differing intar—
pretationa of
the orlgloal
queatlon

wny before 1973
or after 1997 {or nevar)?

of ground—effect
machilnes, Pro-
viding travel
abave the ground
on a sushion of
air, for commsr—
cial transperta—
ticn

Hewly propoaed
item

rect qure for lewly proposed bafore !55
sericus tental 1tem o after 2013 [or never)?
11iness -
20 3tlmulated Hawly proposed why before 158
emlaslon ("lasers™) 1tam or after 2013 Ior navar)?
in X and demma rhy -
reglon of the
mpectrum
21 Implanted arti— Newly proponsd Why before 168
fipial orgena Ltem or after 2013 Tox- nevar)?
vade of plastic -
and electronie
components
22 wide-apread use -

Why bafore 1
or after 19927?“ naver)?




L.

Questlisnnaire &

SCIENTIFIC BREAKTHAGUGES

This iz the laat questlonnélre in our present Inquiry inte oplnioms o scientific break-
throughs

Belore giving you an mccount of what further conzensus asems to have emerged In the
preceding round and putting Bome further substantive questlions before you, we would like
te aak your preference fa t¢ whother or not a teport on this study ahould mention your

participation as & respondent.

Under no circumstances wlll any direct quotations be

attributed to you.

o

Check hare 1f you have no cbfectiom to Maviedg your name mentioned a3 that of a reapondent
in thiz current study:

Table 1.8k en the next page lista o number of potential developments in the organi-
tatlonal and operational methods of sclentific inveatigation. Of these, tha firmt
three are repesits from Questionnaire 3; the othera are additlonal Ltems propossd by
tha respondents for conalderuntlion.

Thua far, there 13 no clear—cut consensus regarding aither the probability of occurrencs
or the deslmmbility of the firat three itemy. All are conaidered rather likely and,

on the average, of moderats benefit. Over thae next 25 ysars, Item 3 i considersd
311ghtly more likely than Item 2, and Ttem 2 alightly more likely than Item 1. ks for
their potential bemeflts, the ordar ia reversed: Item 1 18 thought e be slightly

moTe beneficial than Item 2, and Item ? slightly more beneficlal than Ttem 3.

In concluding the consideration of these potentiml dswelopments in the orEanlzatlonal
and gperational methods of sclentiflc Inventightlon, we would llke you to mmnk the
wight items in Table 1.¥b from 1 to € in two respectat robabls degree of thelir
Tealitatlon Within the next 25 yeard, and the desirability of their realization.

Table 1.3b

Ranlk® R.mk'
by sxpected
Potential devslopments degree of deum‘uuity
+ in the organizational and cperatlonal methoda reallzatlon | In terms of
of scientific Investigation within 25 [expected bene—
yaara it to uoclet!

1 | Reform of present modes of sclentific corrunication through
the uic of sutomated inforrmtior retrlaval aystems

2 | Reoriontation of scienrific methodology toward greatsr
intepulsciplinary cooperation

Table l.tc (continued)

-

Deseription of hreakthrouwsh MaJority opinicn

During the pariod from 1990 to 2050

&

Puaglbility of man—aschlne ayme—
biosis, cnabllng Man to extand his
intelliganca by direct electro—
mechanical intersction Between his
brain and & computing machline

1Z [Contrel of gravity through some Kot for 100 years, 1 ever
form of modification of the gravi—

tational fleld

B[Peaaibility of educetlon by direct
information rveording on the braln

Hot for 200 years, LI ever

€. Fleasr mmrk with m cto#a in the last column of the abowe table any itema regarding which
you find yoursalf in substantial dismgreement with the stated majority opinicn. For each
wuch case, state below the nature of your dimagreement and, very briefly, the reascn for
your differing oplnien:

There are now nine reaiduil items requiring further szpaination. They are llated in

Tuble 1.3d below. The table mlac includea, as Ttemm 23 to 25, thrte 1temd about which =
tentAtlve consensus had already been anpounced 1n Table 1.}a of the previous gquestisnnaire;
thelr conalderttlon 18 belAR Teanmed here becaude in anch case severs] reapondents explicltly
volsed dingreemant with the oplnion atated.

d, Pleass regonaider the potsantial scientific and technelogical breskthrougha idated in Ehe
following table. 7They are the remaining Items on which thus far no aatisfactary consensus
hes becn obtained. In some cares, the descriptlon has been reworded in en effort to
ellminate vaguansar {which may have been mrtly responsible for the apparent dlscrepancy

of opinlens).

In giving us once more your astimates of the years when the probability of occurrence

reaches 507 and

a8 the merits of any statemente of minrority opinions:

respectively, please take ouch reforrulstlons into account, as well

sarily accepiancs) af
ehemlical contrel over
some hereditacy dafects
by modification of genen
through melecular
enginearing

Table 1.4d
[} Dezcription of M jority con— Minority opinion SOv-year [0 —year
potential breakthrough Aensua to date
1[Peasibllity (not neces— By 2000 Will take longer or cocur never, be—

causs 1t would neccesitatc inter—
vantion during embryonic development,
whert the foetus L3 Inacecasible,
hense would require prior development
‘of technlques of gestation In ¥1%ro

,

b1 Wideapread use of simulatien ror experimsntation Ln the
social Aclenced

5 L-mm.:..».l emphzsls on basic research in gover

5 ud-apn-nd use in ecicnur:c resaarch of more 1nt,cu.!.;rnt
machines, with :mwt!n an the level of "collemgusn”
rather than of “servants”

5 | synthetic stimulation of individasl inventivensas (by chemi-
cal Inreuion. cerstral manipulation, sxternal rewards, eta)

7 | Aerammation of ctucationsl processes towerd an increased
Interdiseiplinary underatanding of scisnce

& | snift in approach to blomedica] problams from predominant
experinentation to more theorctical ground

e Rank 1 For hishest degree and greatest desirabllity, Rank 8 for lowext dagree and
least deatrability.

OF the twenty=twda specific potentlal brewkihrousns put before the punal in Che Previous guestiof=
nalre, Ttems O {&n redueins th: probabllity of war through education} and 22 {on prowmd—effect
rachines) are bein< Jdropped from further e¢onatderation [ because of inherent vacueneas of the
q\.lesl‘.lﬂn$ #? brcause of corparativa unimportance in the face of a considerabic divergence of
opinions}.

On alaven other iters a 3ufficlent condgndus Nas boen cstablished to warrant our bringing their
sonaldcration to a close, — unleas you wizh te take explicli exceptlon $o any one of them.

Tney are listed balow [Table 1.5c¢) togather with the mijerity oplnion oh the expected time of
ihelr occurrencd.

Table 1.ac

Items on whizh at lomst a woderate cORsgnsus acemn to have been

[} Tescription of breakthrouth Majority oplnion 3

Already accomplisped im cartain sress {magmesium,
desslination); considerable further progress
Ilkely within 10 years

15 |Feonomically uasful axploitation
of aea water

Feasibllity of offectlve lare=
acale fertllity control by sral oy
other aimple and inexpenaive moAns

Turint the 197C's

20 [frimulated eninaion ("lasers™)
in the 7% and Qamma ray rezlona
af the spectrum

About 10 to 25 yeasa from now

21 |Implante? artificisl organi made
of plastic and electronic com—
ponenta

Piantic tubes, heart valves, electronlc heart
pacers already in use; whole organa within 20 ta
25 ycArs

11 |[Reformation of phyaisal ‘haﬂr'v.
wliminating confusion in qua
relativity and oilmplifylng p-rnﬂa
thrary

13 [fontrolled therme—nuclear power

Frobably grudusl devslopment,by about 2000

Durire the period from 1980 to 2000

Extensive, though nat necessarily univermal,
{mminization during the perlod from sbout 20 to
AQ years from now

% |BlochemIcal general immunization
aralnst bacterial and virml dis—
sases

5|chemizal control of the azing pro—
cess, permltting an extenaion of
the avarage 1ifs apan by 50 years

During the perlod from 199¢ to 2050

te feasibility of
commerslal generstion
of synthetle proteln

I in—vitro generation of protelna
with all essential amino acids ia
intended, then Such perfect conktrol

ror T of polymer synthesfa and grifting
chemiatry are required that more than

L | 50 yemrs nre nesded
Tlcreation of a primitive Not Tor 10

forw af artificial 11fe yemrs but

{at lesat in the form by 2000

of aelf-replicating

molecules!
10| Widespread and s0cinlly By 2000 Will take 50 years oF more, bocpuse

widely sccepted use of

nonnarcotic drugs [other

than ulcohol) !‘or thl
Tpode rodug

:pe:l.ﬂc chanxes :n per—

jsonality characterigties

refedreh On pAychopharmaceuticals has
barely begun, and negative zoclal
reaction will cause delaya

14 [Feonomic feasibllity of Not wlthin 25 , despite tecnnioal feasimility,
eomerelal manufacture of but within bocause other metnoda will be cheaper,
miny chemical slements EQ years uth 83 procedsing of low—grade
from aybatomic bullding natural aources or reprocassing from
blocks waste
15|Prasibility of limited within 25 |
weathar comtrol, in the years ‘
ssnxe of substantlally
affecting regional weather
&t scceptanle coat ,
Yaa|Econenically useful uxplol—\ Yot within N
tation of the otven thiough | 50 ycara, LT
farnine, with the elfrct af | ever
prodtucin; et least 207 of
the world's foed
1t Zcenomically useful ex— Within 25 Not within 50 vears, because coats .
ploitation of the ocotn yeara w111 remain tooc high i
bottom throuth minin- ! '
{other than off-shore :
oll drilling] :
18 [Peantb1ltty of using Not within Never, because the use of malecular |
dmizs to reise the lewel | 25 but within |enginasring to raise the I1Q will
of intellirence (other 50 yeara coma Firat; aloo, tha affect of drugs '
than as dietary supplements . 15 limited becmuse they cannot affect
and not in the sense of the baslc aynaptic connectivity of ; V
Just tamporarily raising the brain I
the level of apperception) ‘
15 |Increase by an order of F‘tthin b More than 50 years, because an entire T
magnitude In the relative years ncienee of blopaychiatry must be
number af paychatic cases t
amenable to phyaiocal or
eherical thompy
2% |Long—duration coma to Not within jNever, bechuse organlaru are too
permit a form o{ time 25 years but delicate to be kept 1n long coma;
travel |former "Soclolo— aventually A180 becauwar the deand 15 question—
gical &%) able J
24 |Two—way communlcatlon with | Not within iHever, bacause the elapserd time
extra—terceatriala [formatr | 25 years but between message ard response would
"Soclelorical 13"} aventually be unganageably long
25(Blochemicals to stimulate | Not within Definitely smventually, st lesst for

orowth of new organs and
Timba (rnmn- *Riplogi—
cal 37

25 yeara pad

poaaibly pever!

artirictal repeneration of 1limba

|

.

bo you wish to add any commenta?

support of your wiews as ¢Xpressed 1n your 4ntries in the foregelng tabla?

In partitular, 18 there wnything furthar you wish to aay in




PART A2

QUESTIONNAIRES ADDRESSED TO PANEL 2 ON
POPULATION CONTROL



LORG-EANGE FORECAETING STUDY

Questionnaire 1

2,1, FOPULATION CONTEOL

(a) It is well recognised that the present trend in world
population growth cannot long caontinue. What is pot clear
understood, though, is the mechanisa by whican this mo-call

population explosion will be slowed down, In an sffort to shed
mors light on this problem, we are asking to glﬂ us_your
:ginion mbout worid birth and dsath rate eg:':st Y completing
e following table:

1963 T 250 0%

World population (10‘) 3.1
Birth rate (per 1000} %
Death rate (per 1000) 19
Life expectancy at sge 1 |about 55 |

() If the pressnt L rate wers to continue aked ,

the wo;ld population by 2050 might well Be betwsen 102 10" and

If yourT estimats given above for the year 2050 falls

ou:;ida?thu interval, vhat are your principal reasons for thias
opinion

(e¢) In your opinion, what constructive steps might be taken
%o slow down the population explomion encugh to result in world
population figures subatantially below thoss given by you for
the yesars 2000 and 20507

Do you know of the axistence of 15{ information, in the form
of tabulations or anslyses, that might be particularly valuable
in reaching projesctions of the kind requested?

2.2 POPULATION CONTROL (continuad)

b. Table 2.20 smssmrises the panal's opinions about meens of limiting
populgtion, Plaass revisv and evaluats these, agmin by chacking ooe
box under "Effectiveness” axd oot box under “Probability.™

Table 2.2b

COHSTRUCTIVE STEFB JOR SLOWING POFULATION EXPLOSION

Effactivensss in Probability
limiting populstico of occurrence
ail | miner high never | maybe [certain

Questionnairae 2
2.2 POFULATION CONTROL

&, Table 2.2a summrisses the panel’s cplnioes oo thw
world populaticn of the ysar 2050 may be lses than 7
than 13 billion pecple. Even though your setimate may
betveen theee limits, plssse irxnuh Your opinion of
relative importance cf sach item by checking one box
ness” and ooé box under "Probdebility.”

why the

on or mors
bean
Probabla
updar "Effective-

EEE

Tabls 2.2a
REASONS FOR EXTRRNE OPINIONS IN POPULATION RSTIDMATEE

Effsctivensss in

limiting population Frobebility
if cccurring of sceurrencs
Bwasons for lov population: nil | winox| high never | aaybe jcertain
1. Bapid incresss in use and
effactiveness of birth
——control massures
2, Increased economic
%!Eriw
3. grese in wvalfare anxd
sducation in under-
developed ngptions
. Iegisiation penalizing
large families
E. Attrition due to war
. Attrition due to dissape
Effactivensas in
expanding population Probability
1f oocwrring of gceurrence

nil | zinor|mcderstd high Daver | oaybe | certain

Ressons_for high population;

1, Medical sdvances, resulting
in lover death rutes

2. Ingufficient general ac-
ceptance of biyth controi
measLres

E. Advances in ageicul ture
. Incresased financlal ability

to aupport chijdren

5. Development of centralized
world govermment providing
efficient dlatribution of
food, shelter and services,
thus parmitting the world
to accomnedate layge
population

1. Ald govertawnts of depressed
countries in increasing level
of material culture

2. Continued publiel
3. Develop sffective and cheaper
Physiological methods of

Tartility contrel
“¥. Bwing sodlal opinion
of contraception

_5_%71—&
- ﬂltﬁou- bouu

agresment on popuhtlnn
control Beasures

.  Redistribute population
— orlapd

It 1s wlpo significant to oote that the panel on scientific break-
threughs testatively predicted achievements vhich could materially
affect the gross numbers of people. Mor exampla:

Development of oral contraceptives

Control of agiug process

Rist in sgricultural yields by & factor of 10

Liaited veather coatrol

Boonopically useful desalination of soa water

Bxploitation of the ocean bottom through farming and mining

fynthetic generaticn of protein for food

Bolution to problam of distribution of goods; 1.s., Inmger
control

Cheal pover and distribution systema

Economic vorking of low greds ore

e. In light of your appraisal of these predictions and the resascns given
in Tables 2.28 and 2.2b, plesss reviss your previcus sstizates:

1963 § 1975 | 2000 [ 2050

World Fopulation
Rirth Fmte

Iwath Rate
Life Expectancy

d. qmu.an. have been advanoed that the population axplosion should not
be slowed dovn, since technology can be axpanded to provide for all
people in the oext one hundred yesars. BSince the fiyst questiconeire
was phrmsed tc asseas meens of population control ratber then momns
or desling with the inevitable population sxplosion, plaase state
your opiaion on thw following:

If vorld population cootinues to grow at the ssme increasing rats,
wvhat i the probability thet technology will be able to provide at
least subaistance food and shwlter for all pecpla for the next 100
years? {Chack cos.)

over 50%:["] 60 to 90%: [ ] b to G0%: [ 110 to ko%: [ Junder 10%: T
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Queestionnailre 3
2.3 POPULATION CONTROL

While straight—forward extrapolation of the world population trend would lead to a total
population figure for the year 205C of between 10 and L3 billiom, our panel 8esms to agree
that the figure will be aubstantially laower, namely between 6 and 10 billion, with a medlan
around B blllion. 1In this phase of our lnquiry, we would like %o go a 1ittle more deeply
into the matter of the mechani=m by which this lowaring of the trend might cocur.

The projections given by the paneal members indicate 4 conaensys that decath Tates will

contimue to fall off ateadily but that birth rates will decling even faster.

a, The panel previously eatimated that the annual desth rate would drop by the year 2050
from the presmant 19 per thousand to a figure betwsan 10 and 17 per thousand, with a median
of 15. We would 1ikes you to reeatimate thls Tigure, on the assumptlon {which preaumably
had been implicit also in your earlier estimate) that no thermo—nuclear war will oceur:

Reeatimate of death rate par thousand in the ymar 2050:

b. Il this eatimate 1s

less than 14, shat relative welghts do
you glve to the following factors to
aceount for such a low estimate {dla—
tribute 100 percentage polnte over the
5 boxen belaw]:

more than 16, what relative welghta do
you glve to the follawing factara to
fccount for such m hign estimate [dis—
tribute 100 percentage pointa over the
5 boxes balowl:

F. Insufficient further medloa
ROVANCEE + + = =+ 0 o+ o1 ow ok

@. Insufficient advances in
agricultural or synthetic
food productlon . - - - - - -

H. Insufficlent advancea in

A. Medical adwances . . . . . -

O

B. Advances 1n agricultural
food preduction . .« « .+ - -

¢, Advanees in aynthetic food

produckion . - - 4 4 e e . food distribution . « < « & =«
D. Advances ip food dio— I. The increass in averuge Age
tributdon . . . . . . 00 due to an ear)isr decline in

the death rate . . . . . .«

E. Dther {specify:) J. Other (apmaify:)

0O 14

{000 0D

]

¢, Present daily world leod consumption, measured very crucely in terms of caloric intake,
amounts Lo approximately 7.9 trillion caloriea.
To muataln the world populatien at thia preasnt caloric intake rate and at levela indichted
by your previous e:i:mtes would require tha deily amounte of geloTims [in trillion=) given
in the table below,

In the last row of thiz table, plcass glve yeur eatimate {in trllllon’uluriea) of potential

world food productlon for each yaar indicatedt

Year 1963 1975 2000 2050
Your previous cotimate
of populatiaon

calorie rTeguirement

World fooc production potential

If no previoua population estimates had been supplled by you, the second and third rows
have been left blank; you may, i1f you wlsh, lnaert such estimates now.

.

- 1912

4. If your cstimates glven in the lasl row ef the precading tabdle differ substantially from
the calorie requirement figires in the row above, plenset 1ndicata your primcipal resson
for this:

e, The panel proviously eatimated that the anpual birth rale Wourld decline by the year 2050
from the present 35 per thousand $0 A figure patween 15 and 26 per thousand, with a median

of 20. We would 1like you to reestimate this Clgure, agaln on the assumption that no thermo—

nuclear war wWill take place:
feestimate of hirth rate per thousand in the year 2050:

f. If this eatimate I8
losa_than 19, what relative weights do
vou glve to the follawing factors o
acoount for such a low esbimate [dis—
tribute 100 percentage polnts pver the
3 boxes belowW]:

A. Availabllity of incxpenatve

And effeetive birth contrel
MORAUTED . . . a4 s oo s
Greater publlie acoeptance of £. Insufficlent public acceptance
Birth control, duc tO of birth centrol, due to

®,. insufficient education . D

more than 21, what relative welghta do
you glve o tne follawing factors to
necount for such m high satimate [dia—
tribute 100 peroentoge points over the
8 boxes balow):

D, Unawvailebility of sufficlently
inexpensive and effective
birth control tmeasures . . -

2

nl. a general rise In the
level of edusatlon . . o

F,. profasande fer birth
comtral . . . - . s - s s

F?. propaganda for larger
families . . & &+ ¢ - .

B,’. a scessation of relimious 53 continuing religlous
< prehibitions . . . . . . prohibitions . . . 4 ¢ o
B -

atty . . . F, . increasing economic
D *" affluence .
100

econoTic nece

By. governmental coerelon
(ﬂ.x. through tax relorm)

other [specify:?

ES' governmantal benafits
to large famillea . . - .

Es. cther (apecify:) . .. .

. Othur [Apacify:) F. Other (apecify:)

]

g

Questionnalre

2.4 POPULATION CONTROL

Thia is the last guestionnaire in sur preswnt inquiry inte opiniohs ot population trends
and population comtrol.

Before giving you a summary of the result of tha preceding reund and putiing mome further
aubstantive questions bafore you, we would 1ike to ask your preferwnce as to whethar or nat
» report on this mtudy ahould mentlon your particlpation a8 & respondent. TUnder no clrcumr—
atances will any direct quotations be attributed to you.

&. Check here if you have no objection to having your nans D
mentioned as that of u reapondemt in this current stuwdys

The reaponses thus far do not give any svidence that there axists anything like a consensus
regarding the abaoluts nize of the future world population. Yek a good deal of light has
beer, shed on the varlous contingenciea determinant of the populatiem size and on the rels—
tive magnitude of the latter as a function of such contingencies.

The divergence of oplnlona on the mbaclute mize of tha future world pepulation 14 dus to the
obvious fact that the latter depends wvery sensttively on the rate of growth, i.e. the d1f—
ference betwean birth and death rates, and even ninor differences In estimates regarding
these can lead to aizeable differences in pepulation estimates.

Wot aurprisingly, the three principal factors sffecting birth and death rates rave emcrged
an being

4)  the demree 6f acceptangs of birth control measures,

311) the rute of further madical progress, and

111] advances in the productien and distripution of rfood.

0F these, the firat aeems to be the least predictable, While tha rate of acceptancs af
birth contrel meagurss is affected by appropriate adueation and the availability of simple
and inexpansive inatrumentalities®, 1t Lo banically a function of the rapsidity with whizh
the culture Dezccives the valus of a reduced birth rate and with wnich it rescts to this
recognitien by conferring soclal acceptance to the practice of Birth control. Thia rate
of recognition and comsequent mcceptence la likely to be diffarent for sach culture and in
ageh case does not lend iteelf casily to progrostication.

An analyais, collation, and "purification” (in the mense of eliminating internal inconsist—
sneies) of the responaes Teveal several dipstinguiahmble opinicns, of which the following
are typical:

Fenel 1, Incldentally, predicted the availebility prior to 1680 of simple and
inexpensive means of fertility contrel.
A. Birth rate:

The birth rate will decline, the amount of the decline depending primarily on public 8ccept—
ance of birth control measures, Typlcal satimates are repressntsd by the two curves below.

4953 1975 2000 20

B, Death rate:

Pepending on further medical progress, the decline of the death rmte 1s ahown by the selid—
line cotimates in the Cigure below; both apaume that there is endugh food for all. YThose
who belimve that feed productlon and distributlon will not keep up with population pressures
pradict m conaequent eventual rise in the death rate as ahcwn in the dotted curve. [(In all
cases, and throughout thia study, 1t 1a assumed that no cataclyamic war will take place.)

c H :
1963 1975 2000 2050

€. Population expansio
Various comblpations af birth rates (bl. bz) and death rates (dl,dz. ) lead, of oourme, to

very differant population growih curves, Of the slx postible combinatieons, the fellowing
foaur in fact Aummarize tha respondenta! opinicnit

world 12177

Ordes 197 2200 2050
We nots, 1n particular, that the hypotheais of a world population in 2050 of sbout 5 piliion
could be the reault of two different puirs of assumptions, namely, wither s rapid drop in the
birth Tate coupled with a slight Ascline in the deAth rate, or & mére moderate drop in the
birth rate coupled with an sventual [tamine—induced) rilac in the death rata.

b. Tn concluding the present inquiry, we are asking you to Teconsider the pros and cons far
high or low birth and death ratee and to glve us your (poasibly revised) satlmate of
population trends from now untll 2050. This time we ape aaking you to de this by Auper—
impoaing & CUTF¥e representing your estimate on each of the three dimgrams on this page and
the preceding one. (Or draw any two of the three curvam, and we will approximately com—
pute the third from them.)

¢. Do you wiah to add any comments? In particular, is there anything further you wiah to
aay in support of your view aa Tepresentad by tha curves drawn in responae to Part BP




—11—

PART A3

QUESTIONNAIRES ADDRESSED TO PANEL 3 ON
AUTOMATION



IONG-BANGE FORECABTING STUDY

Questionnaire 1

3.1, AUTGMATION TANLE 3.2a 9 3| o 2 8 & g ,_.;g
m =
There has been much discussion in recent years mbout the EARE) i'g el 8 & gﬁ?
iapsct of industrial sutomation on the world's economy. £Himilar Buan Convenleace (contioued)
discusalon has centered on the application of automatic devices 1, Automatic language tranglator - j
in fields auch as medicine, communication, education, data hand. crude model
ling, ete. 2. Automatic language translator -
t grammer
Would you pleass composs a list, giving your opinion as to corres
the major developments 1n the field of sutomation to be expscted 3. ““mf'm“;;du:’:ﬂ“' 1ocking up
over the next 50 years, in approximate order of cccurrsuce, with — reproducln, ;°W
estimated datea: . espread ““n:! simple
5. Bophisticated teaching machines,
with pext question based on
analysis of last r
Do you know of the existence of any information, in the form 6. futomated schools based on
of tabulations or snalyses, that might be particularly wvaluable m‘-""‘; O et atie
in reaching projectiona of the kind requested? 7. Education Ag & respac
B. Automated looking up of legal
information
Questionnalre 2 9. Development of cooputer aystems
which make most lagal decisions
10. Auk #d Inter
3.2 AUTOMATION medical mymptoms of
8. Listed below in Table 3.2a are most of the developments in automstion H. Afonated mdical 4 e
suggested by the respondsmts ms being potentially possible in the N
next 50 years. Flemse indicats your judgment of probability of iz m’"”":m’"d"“l instrmentaticn
inplementation during esch period shovn. Note that the numbers L -
1nserbedbyyon1nmhrwshaulﬂu(mwtolm. In the case of 3 cn'd:i‘ll; Hions by oresit
itemz involving gradual development (such as autcmtion of farm % Direct Link
equipwent), "implementation” should be interpreted ms refarring to o check c“g:“.;r’;';:o:““
the tims from which the effect on our eociety will no longer be transactions
negligible. 15, Fermmnent phone number for each
individual
b. Coogldering the developments suggested in Table 3.2a, are there 5. Phoneme Gy Tor
other items which you would care to add? When do you believe they H{ Avtoasted mm‘ W Tod
will ccour? Please make your mdditions in Table 3.2b. " pelling of wobecs compm
c. One paneliat suggested thet unewployment would entatl s revolution 18. ulu.‘l.tln:t:n} :::D:d““["tm':';:im'
againet automation. Clearly some industries which have receatly county and state units
automated have increased productivity while decreasing personnel. ]&—kx—mlm_w
Do you believe that revolutionary socisl uphesvals are likely to ters
result from our current drive toward sutomstion? 26. femote facelmile nEvapapers Wod
magazinca, printed in home
Yea No
d. If yes, vhat means might be employed to benefit from mutomtion while sic"“:ocm exploaion dus to Them-
minimizing the impact of the unemployment thereby produced$ resulting from automat
2. Anti-sutomtion leglalation
3. Centralized vire
e, If no, wvhat factors do you believe vill mitigate against technological (possibly on a yandom basis)
unewmployment 7 + Creation of a society which
Table 3.28 certain e
wminime to the world populstion
DEVELOPMENTS IN AUTOMATION 85 & result of high production
from automation
Probability of lmplementation 5. Ualversal 1 from tad
During the Perdod communication |
8 €. Couputing mchines becoming the
‘$ o m 2 3 mst significant intelligence on
§$¢§ﬁ$$su? ==rth
L' a)
Manufacture, Busineas and Commerce ~| 0o s ~| -~ 3 ; .!8
1. Riee by an order of magnitude Man-Machine
in sutomated procesas control 1. Man-comgputer-machine gymbiosis
2. Automated rapld tranoit using elgectrical brain pick-offs
3. Automation of office work sod T‘ﬂ%%m -
services lesding to displacemsnt . rain
of 26% of the current wvork force functions, based ch the study of
k. High-epeed facsimile handling of computers
mail
5., Afr traffic control - positive
and predictive track on all Teble 3.20
airermlt OTHER POTENTTAL DEVELOPHENTS IN AUFOMATT
. Construction of & Production i o
Line of computers with motiva-
tion by "education” {poasibly
vith individual differences
T. Automated highways and $
adaptive sutownblle sutoplilots ol * R by
"y
B, Widespread use of computers in 3 VIR T8
tax collection, with accesa to !’ EIB(E|BIR K|

all buginess records - automatic
single tax deductions

9. Fobot services - refuss collec-
tion, household slaves, esver
inspectors, etc.

10. Wideapread use of automatic
decision-making at management
level for industrial and
national planning.
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to the panel and judgsd to be wufficicntly important to deseTve further exglora[iﬂn. plus &
few nfterthoughts suggasted by panel membera in responae Lo Questionnaive 2.
asked Lo reeatimate the rime of ocenrrence of each ﬁ:n and in certain cases to stace brie
your prineipal ressvn for thie opinion.

You ate b!mil
¥

Questionnatre 13 Table 3.3
3.3 AUTOMATION , Uekcription of Conaentun I _your apinien, If your 50 estimate falls within
N A N patencia or diasensus what yedr does wither the earlier or the later
0f the List of potentisl develep in br gha submitted Ta you previously farict
we are now proposing to drop a large fraction from further consideration. Some $o nol écem developaenc w0 date ‘E:J:'i‘:.'.?:l::zcﬁf P"u:dr::f::\‘:;:’::ﬂ'n ;tato
‘imporcant enough to warcant further examination. On others some form of consensus has sliready 508 0% e opinion
cmerged (see Part (1) below). Those resubnitted to you (as Items 1-11) in Par{,‘.(c) h.l::'
therafore, are potentisl braakrhroughs on which no satimfactory consendua has been ohrainad to 1T Increase by a Majoric in- .
date but which Ara Lmportant smough to justify looking for #n explanation Lo why opinions Factor of {u in loi‘x n..! i? ::wu?i:‘;“l,‘i;ggg
on their occcurrence diffar so widely. capital lnvescment|will occur =
in computers used (during the
a. The following summdvy Tepresants i conaensus of a large majority of respondenca: for automated Sevent 1es
Tahle 3.3m process cantrol
Iten —_Deserlptlon Eredicted tize of oecurrencel
Manuf/Bus/Comm 5 |Alr rraffic contral - pomitive and pradiccive 2 Automation of Majorlty opin- Why before 1973
track on mll airerafc office work and fon that ic or after 19787
Manuf/Bua/Comn 8 |Wideepresd ude of computers in tax colleccion, sarvices, leading |will occur -
with accese to all business records — automa- m displacement | during the
ric single Lax deductions of 253% of current |Seventies
Manuf/Bus/Comm 1D|Widespread use of auromatic decision-making work force
at panagenant level for Industrial and
national planning | -
Human Conv 2 Sophipticated sutomatic language tTanalator Within 25 years 3 Widespread use of |Consensus thac Why befors 1979
Human Conv J Automaric libravies, looking up and robot services, it will eeccur; | or afrer 15977
reproducing copy for refuse col- disagreement
Human Conv 4 Widespread vae of simple teaching machinee legrion, as houwe-| a8 o whenm
Human Gonv 10 Automated [nterpretation of medical aymptoms hold slaves, as
Human Cenv L& Direct link from srores ro banks to check aewer ingpeccora,
credit and record rranssctions etc.
Punuf/Bus/Cosm 2 | Automated rapld translit — -
Hanuf/But/Coma & ‘::‘;:f‘“;:}gst‘i:“‘hgfﬁ:gﬁz:‘:'l‘ui.':“' of computecs & didespraad use Nore Wy before 1973
hiszicated ot naver?
Ruman Gonv 7 Education beceming 4 respectable lelsure Net withia ¥ but el sop o3
pastina within 35 yesrs teaching machlines
Human Conv & Aucomated locking up of legal informacion
Manuf/Bus/Comm ? | Auromaced highways and adaptive automobile Mot within L5 yea
autopileots but eventually
Human Conv 20 Remote facylmile newspapers and magazines, Not within 25 yea 5 Davelopment of Consensuf Chat, Why before 1987
printed at home but evenLually compUteT syatems 1f at all. it or afrer 2013 (ar never)?
which make most will poc occur
Do you, by and large. sgree with the opinion tepresented by the conkentus tabulation &iven legal declsions within 15 yeats
on the precading page? 1f you digagree with any particular irem, pleade indicate which,
and briefly atate your Teason for your differing opinionm:
b. To reeume consideration of the problem of unemployment resultlng from automation, it seems
fair to sumarize the opinions Of che panel membera as follows: Almost all agresd that the & Automated voting Home y before 1979
problem {s a very serlous one. While one third of the panel felt that social upheavals B by computed or afrar 2013 {or never)?
will accompany aucomabion, the majority opinion indicated thac suitable counLer-meaBures, polling of voters
taken either preventively or at least therapeuticaily, will foresca 1 severs soclal disrup-
cioms.
1in this present phase of our inquiry, we would like you to asaess the reiative merita of
such remedies. 1In 80 doing. you may wish ro keep in mind the following decrimental effects
of unempla L which thesy remedies seck o oveTcOme: 1 Centralized Hone why hefore 1879
l; the reduction Lo narlomal productivity; ' (posaibly random} ar never?
i1} the failure to provlde a livelihoed for the yneaployed Llndividual; wire tapping
{11i) the demoralization resulting from lnacrivicy.
There 18 na intended !lmplication chat these decriseatal stfects should be weliphad equally;
by all meanz give each the weight in your wind that Ln your opinlon iE deserves.
In the following table, plesze check one box sach under “Effectivenyss”, "Destzabiliry",
and “Probabiliby™: International Majority Why before 1996
agreemcnts which opinion chat ot afrer 2011 (or naver)?
Table 3.3b goarantee certain | it will occur,
- —_— —_—_——— economic minims byt not within
Conntructive Steps for Reduclng Uncmployment Resulting from Automation to the worid's 15 years
population as a
Effect lvensss in reducing Overall desirabliliLy Frobabillity of result of high pro—
Proposed measure _amemployment _of proposed meazures implementation ducrion from auto-
]nﬁ w;nnrl wod Thigh | meg | meut wod | high [nil jpaybe furtaio mation L .
Iy H T . | 9 Evalution of & Majority Why before 1373
Legislation shorten- | | , | . unlversal langusge | oplnion’char or never?
ing the work week frum automate it will not
by 208 . ; 1 communicarion aceur for 25
2 Legislation lowering H N | ) vears, If ever
the retiremenl age i ' !
by 5 years | { | 1
T Twe years of compul- ‘ ! [0 Avaiiabiiicy of Canseneus, Why before 157
fary post-hlg | | a maching which with regard to ot never?
fd educstion : | comprahends a differently
4 Legislarion protectT- X T 1 standatd 1Q worded ques-
ing household wnd | tests and scores tion, that Lt
other service jobs | | ) | above 150 I{l}l\‘nogsnccur
from automatian i i within years
|8 Retraining of per- | 1 T _f_ ) 4‘7 : - —
Retraining of per- ! . : L T Wan-machine aye- | DIvetgent 6pin- : Wy Betore 1987
a0ns unemployed be- . 1 ' ! bicsis. enabling ians pr never?T
cause of automation i n { ' man to extend his | due to differ-
§ All-out vocational T [ 1 T T intelligence by ent intarpre-
training programs ' | | | i direce electra- tationa of the
o + mechanical incer- priginal
7 Education for berrer [ | ‘ action bacwaen quastion
leisure time enjoy- | ‘ ] nis brain and a
meni —
. ; computing maghine
§ Maaslve WPA-Eype ‘ H I (2 Elcctromic pros- e Ltem Wny bafore 1979
programs | i L L | i : thesis (radar or alter 2013 (or never)?
9 Hasslve aid to under- | I T for rhe blind,
developed yegions ' wervomechanicsl
(including parts of limbs. ere.}
the II.5.) |
10 Creation of new |
cypes of ruployment* I3 Zeif-reproducing Rew item why \Eefou 198 )
- machiness (as a er after 2013 (or nevaer
117 Ocher {#pecify:) manufac ruring
technique)
I
* Aty suggescional;
¢. The following table gives & List of potantial developnents Ln automarion on which thue far no 47 TV telephones Hew item Way befora 1387
satisfactory consensus haa been gbtajned. It consisty mostly of itema previously submitied o1 never?




Questicsnnatlre ¥

B0 AUTOMATION
This 1s the last guestionnaire in our present inquiry into opinions om the future of suto—
watien.

Before glving you & swmary of the result of the preceding round mnd putting aoms further
substantive questions bafors you, we would llke to aek your prefarenca s £o whether or not
& report on this study should mention your partlcipation ma a vespondent. Dnder no olrtul
atancen will any direct quotations be attributed to you.

a. Check here 1f you have ho objection to having your name
mentionad as that of a respondent in this current atudy:

We beglh Our rport on the cutcome of Queationnaire 3 with s summary of the reaponass to
Queation 3b on conntructive 8teps for reducing unemployment resulting from autowation.

Tt has turhed out that the averages of the estimates of effectivencas, desirmbility, and
probability for the ten propessd meamurss are highly correlated. Thia has ensbled us to
relist the messurea in such an orer that those st tha top af the 1ist are considered
effective, deslrable, and probable, while thoae At the battom are considered inefTectlva,
undesirabla, and improbahie:

Average Average

i Ereposcd Mepaurs L Effectivencss) | robabLlity
10 | Creation of new types of employment mod/high [2:3
5 | Retrainlng of yersons unemployed through automatlon mod Box
& | All-out vocational training programs min/mod E\u
7 | Education for beter lelsure time enjoyment min/mod 5%
9 | mssive ald to underdeveloped regiona {including mod 2%

parts of U5} 1
% | Twe yaars of eompulmary post—high achosl educabiem mod H mod. aEE
1 | Legtpintion shortening the work week by 203 mtn/mod nout fmod e
B | Mssive WPA-type Programs nin/mod neut ?g
2 | Legialation lowering the retirement age by 5 yoars nin/mod neut
& | Leaialation protecting houschold and ssrvice Joba nilfnin neg 21%

from automation

*mcd = modernte, min = minor, neut = neatral, neg - pagetive

Buggeations lor the creatior of now Lypes of amployment (Item 10) included the following:

Arts and labor—intenaive crafts (gardening, decormting, ste.)

Companions for ¢lder people

Changing the social-atatua image of service peroonnel (mmida, gardeners, ete.)

Changing attitudes regarding civic beauty; twenty blllion dollars could be
spent oh massive park and road landscaping development and on getting
utilitles undergraund

Organized lelaure time, development of akilla for personal enjoyment

Of the fourtesn Apecific potential developments in automatien t before the panel in the
previoua nuestlonnalra, Items 5 {¢omputers ror legal decisiona) and 13 {self—reproducing
machipes} are being dropped from lurther considaration because of thelr relative unimpor—
tanze In the face of g conslderable divergence of opimiona.

On nine other ltsma & auffislent conazenaus haa been esteblished to warrant our bringing
thelr consideration to a slgse, — unleas you wiah to take explicit axception to any one
of them. They nre llated on the neXt page (Table 3.85), together with the majority
opinion on the expected tima of thelr occurrence.

b, Please mark with a rross in the last celumm of Table 3.5b (on the next pape) any items
regatding which you ln? yourtelf in sabotantiol disagresmant with the stated majority
opinlen. For each such case, state below the naturs of your difugreement and, very
brrlefly, the reason for your differing cpinfom:

Table 3.4b

Itema on which at least & moderate conaensys geema to have besn obtained

There ATe now thres residual items from our former liat of potentlsl developments requiring
further examination {nasely Items 6, B, and 10), They are liated in Table 3.bc below. The
table 3180 imcludea, as Itews 15 and lé. two ltems about which & tentative consenmua had
slready been anmounced in Table 3.3a of the pruvious questionnaire; their commidsration 13
belng resumed hert Decause im each case zsvaral respondents sxplicitly wvoloed dimegreement
with the opinion stated.
¢. Pleane reconsider the potential developments in automation listed Lin the fellewing table.
“hey are the Temalning ltems on which thus far no satlafactory conssnaus has been obtalned.
In aame cases, the deacripticn Mad been reworded 1n an effort to eliminate vagueneas (which
may have been partly responsible for the apparent discrepancy of opinions).
In giving us once BOTe your catimates of the years when the probahliity of accurrence
and

reaches Q0% respectively, pleass take such reformulations into ascount, as well
as the marits of any statements of minerity opiniona:
Table 3.%¢
Tesaription of M jority con— sinority opinien S05—year [F0F—year
# [potential development mensus to date
£ [Automatsd woting, in the By tha year 2000 | The network required to remch up
senze of legizlating {with some doudt,|to 100 miilion voters is 8o

through automated plebis—

r howaver, whethar | large that thiz may, for that
clte

the reapomdents reason, not occur until arter
intsrpreted this [2000

item &3 now re-
Pormulated)

Intermational agreementa
which guarantee certaln
ceonomic oinimk te the
world's population as a
reault of high production
from ~ytomation

Wet in this
century, LI ever

10

Avallebility of a machine
which comprehends standard
1q tentn And mcores above
150 {where “tomprehend” 18
to be Interpreted behavion—
inkically am the ability

to reapond to questions
printed in English and
possibly accompanied by
Atagrama)

Not for at lsaat
20 yaars, but
eventually

Within 20 years, since such pro—
blems as genarmlized patterm
recogriition will have been solvad
before then

Widespread use of com— Withirn 25 yeara
puters In tax tolleetion,
with accesa to all bumi—
neas racords — automatic
vingle tax deductions
{former "Munufacturs/Busi—
neas/Coumarca” B)

Mot within 25 years, because
of legal difficultien and
political conscrvatism

L2

automated interpretation
of medical symptoms {for-
mer "Pumn Convenienge 10")

Within 25 years |Not within 26 years, beomuae
2ome SymptomA do not lend them—
selves to quantification and
becauze the adaptability of
bacteria and viruses necewsi-—
tates continual revizlon of the
kind of judgment on which auto—
wated diagnoeis would have to
be bazed

d. Do yeu wiah to mad any comucnts? In particular, 1s therr anything further you wish to
aay in support of your views a3 arpressed in your entrice in the foregoing fable?

[ " Description of development M jority oplnion .
1 | Increass by a factor &f 10 In capital Within 5 to 10 ycars
investment in computers used for auto—
mated progesa control
2 | Automation of office work and aervices, | Withln 7 to 1P vyears
leading to dlsplacement of 25% of the
current work fores
3 | Kidespraad uac of robot servicea, for Withln 15 to 30 years 1
refuse cclleatlon, as houarkold slaves,
a8 gewep Inapectora, ete.
4 [4ideapread use of sophisticated teach— dithin 10 te 15 years
ing machines
L. i
| 7 |Centrallzed wire tapping MHever

9 | Evolution of o univerasl language From

Fraalbllity within P5 ysavs, actual develap—
autompted communication

ment nevar, bacausc dutomated comunicatien
makes 4 universal language leaa neceasary

Not in thism century, {f ever

11 | Man—machine symbloala, enabling man to
extend his Intelligsnas by dtpcet
elactro-mechanical interectlon betwaen
nis brain and a compuiing rachine

17 | Electroniz premthesla (radar for the
tlind, servomechanical limbe, etc.)

1% | TV telephones

In rudimantary form avellablc now; widespre®d
use of sophisticated devicss by 1990

Withia 10 to 20 years
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PART A4

QUESTIONNAIRES ADDRESSED TO PANEL 4 ON
SPACE PROGRESS



LONG=-RANGE FUHECAATING STUDT

Questionnaire 1

4.1, SPACE FROGRESS

In the past several years, predictions about future ITORTeas
in apace have orlgineted from many sources. For instance, the
National isronautics and Space Administration has published a
time table projecting planetary voyages; a RARD raport to the U.8,
House of Representatives (Space Handbook, edited by B ¥ Buchheim,
Random Houss, 1959) has predicted a space time table; the present
Administration has forecast an American on the Moon by 1970,

Would you please 1list the majer events and devalomments in
space wiich, in your opinion, may be expected over the next 50
Jears, in approximate order of OCEUrT4nce, with satimated datss:

Do you know of the sxistence of any information, in the form
of tabulations or analyssd, that might be particularly wmluable
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in reaching projectionm of the kind requanted?

Questionneire 2

L.2 SPACE PROTRESS

a. Table 4,a contains & summary of space developments suggested
by the panel in the first round of questions, In Table b4.pa
plesse check the interval during which you believe attalzment
will be moat likely. Wote thst the final colume ask for your
Judgment of the effect of certain changes in the political
climate on the date of space accawplishmentq,

b. Coneidering the Items suggeated in Table 4.Pa, are there other
items you would care to &dd? Please list thess in Teble h.2h
indicating the date you believe these will be attained under
the sape assumptions.

c. Do you believe that afforts to explore Gpace are justifisd
in terms of expected pignificant scientific or technological
by=products?

Tea No

If yes, what apecific potentia) benefits do you foresse?
Table 4. 2a
SPACE PROGRESS

MOET LIKELY DATE OF OCCURKENCE

1963-65
1965-68
1668-T2
1572-78
1578-86
1986-97
199T=13%
Iater
Improbable

Interval of
Occurrenge 1if:

V=50 [US Budgat

Cogperate| Sharply
In Space | Reduced

5. Bolid-care muclear

resttor propulsion
+ Oo# core muclear

reactor dlom

T. First husan barn

extra-terrestriaily
+ Radiation fmmunizat{on

pill

4. Youfz propulsion

(tuclenr-generator

Ppowerad

"I0. Hlostat for eqilitriem
af plants acd life -
earbon dioxide and oxygen

marufactured on planets

1. Pusion-tnergy propulsion

12. Long-duration coma to
pernit & form of time travel

13. Non-rocket space drive =

anti-gravit:

18 Development of reusabls
mancuverable arbiting
apacecrafy

15, Develomment of Iatel-
lgent decialonmaking
robots for exploration

of hostile enviromments
. Compercial global
ballistic transport

17. Space hydrogen ram jet
+ Inter-gallactic eommni-

cation

19, Pulsed nuclear propulsion
{85 i3 Orion project}

20. Earth vesther centrol -
"magnetosplieric meddling”

MILTTARY IR SPACE

1. Uopenned inepection and
capabllity for destructicn
of satellftea

2. Mammed eo-orbital
loepection of patellites

3, Military space station

*For simplicity, unmenned planetary proves have been deletsd from this 1ist.

aperational
8] Trpermlet 11 B M{litary nutléar-propeiied
& $ [ $ 5im K] acout ships raving cislunar
£ e] 1 VI ul® Us-5U |US Budget space
2 g E § s E. Cooperate | Sharply 5. Capabllity Tor mliitary
EARTH CRBYT OPFRATIONS B e B I =19 In Space combat In apace
1. 5.U. orbita] rendezvous 6. Military force on Moon
2. U.5. orbital rendezvous 7. Space-to-apace attack
3. Rescuc of asironauts fleats
stranded ip orbit "B. Geocentric Dombardment
4. Establishment of global fleet
satellite commmnication 9. Hellocentric strategic
syateq fleat,
5. Manned scientific orbital 10. Pirst extra-terrestrial
__ statfon - 10 men var
6. Incresased ure of near-earth
sstellites for weather -
prediction and control L LAR SYSTEM
T. Manned orbital sanftarium 1. 5.UV. manned lunar fly-
2. U.5. manned lunar Tiy-by
3. Manned lunar landing
USE OF MATERYALS OF THE SOLAR and return
1. Manufacturing ef propellsnts + Temporary lunar base
Bnd raw maserials on Moon {2 men; 1 month
2. Permanent” lunar calany 5. Mannad Mars and Venus
. (500 men indefinitely) fly-by
3. High-cost comptreial - Distovery of life
lunar traffic on Mars
' High-cost rescrt papseOger T. Communication with extra-
traffic to Moon terrestrials
5. Econcmically competibive [: Terporary Mare base
use of lunar materials on {2 men, 1 month)
earth 9. Permanent bage
« Regularly scheduied established on MWoon
comrereial traffic to (10 men, indefinite
lunar colony stay)
T. Permanent resemrch 10. Manned Saturn £ly-by
stations ¢n near planets 11. Manned Ianding on
8. Competition for planstary astaroids
raw materials 12. Manned landing on
9. Extra-terrestrfal farming Saturn's mcona
10. Teepspace laberatories 13. Manned landing on
and cbaervatoriea Mere
11. Routlne use of moon as 4. Sclentific probe
Solar syptem launching bage __._%to the sun
12, Astercid mining 15. PermAnent bage
eatablished on Mars
{10 men, fndefinite
sta
INMGVATIONS TN SPACE 16, Manned Venus landing
1. Development of reusable ] l 17. Menned lsnding on
booster launch vehicle viter's moona
2. Operational readiness of T I8, r.u., Tiyeny
lager for space commnications . 19. Probes out of the
3. Meaningful international solar syptem
l=gal agreement on 23. Rendezvous with a
colonization of planets comet
k. Lunar-besed laser beanm 21. Manned smulti-generation
for use in space vehicle mlssion to other solar
. propulaion aystens
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Questionnaire 3

4.3 SPACE PROGRESS

a.

Table 4.3a, on the following page, presents the consensus of a large majority of the panel
members with regard to some of the potential developments in space listed in the preceding
questionnaire. Do you, by and large, agree with the opinion represented by this consensus?
If you disagree with any particular item, or with the order of any particular pair of
items, indicate which, and briefly state your reason for your differing opinion:

Table 4.3b pives a list of potential developments in space exploration on which thus far

no satisfactory consensus has been obtained. It consists mostly of items previously
submitted to the panel and judged to be sufficiently important to deserve further examina-
tion, plus a few afterthoughts suggested by panel members in response to Questionnaire 2.
You are being asked to reestimate the time of occurrence of each item and, in certain cases,
to state briefly your principal reason for this opinion.

Table 4,3a: CONSEITSUS ON SPACE FROGRESS

Comparatively precise dates Less precise dates

19|63

15.U. orbital rendazvous

1 9 65 Unmnned satellite inapastion and dastruction
M capability
Global commmication system
[U.S. orbital rendegvous Increased use of szatellites for weathar predietion
and control
S.U, marnad luner fly-ty
1 9 68 A .5, manned lunar fly=by
Resous of la‘tru!u__ts gtranded in orbit

Marmed solentifis orbitel atatiom (may, 10 men)
v lLaser for zpeos commnications

1ai72 Merned lunar landing and return

Va3 Marned ocorbital satellite inspeetion
Solid-oore miclasr remotor vropulsion

[ Tamporery lumar tase (say, 2 mon for 1 month) Reusable booster lameh vehicle

¥ Tonis provulsion

1 9 78 Reusabls mansuvershls orbiting spacecrafd

~—-——{ Pormanent base on Moon (#ay 10 men, indsfinits stay) |

W
1S 86
1997
N
__._.._.__{&rto fly=by ).
201 5 M Long—dursetion com
Extra~terrastrial farning
IIn'tcr@lh.ctlu oommniost ion Ragular sommeroisl traffic to Moon
Commmioation with extra=terrestrials
\b Manned multi-gensration miasion to other soler
o » aystems
Orbital sanitarium
lundr-bapsed laser bsam for spase propulsion N Compatitieon for planetary rmw materials
Radiation immunization pill E Anti-gravity space driwe
Commercial global ballistio transport v Pulsed nuolemr propulsion
Geocantrise bombardment flest E Military fares om Moon
telicoentric strategio flaet R (7] Menned Verus landing
|
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Arastionaire 3 (eomtisssd)

TABLE 4.7

Denscpiption of potantial

development

Consensus or
dissensus to date

In your opipion,
what ryear does

he probability of]

poourrence ra
¥

If your 50% sstimate lalls
within sither the ecarlier
or the later period im
ch dicated, briefly state your
reason for thls opinlon

Mgnufacturlng of
propellents and raw
materials on moon

Widely divergant
opinion, many
believing that

Why before 1587
or naver?

this is not
fansible
2 Establishmant of ¥irtuzl consensum Why befare 1590
permansnt ressarch that it wlll aecur ar after 2013 (or npever}?
R atations on near (thou,i-,h arter 15
planets yuars;; disegree—
mant as to whan
3 Deep spate Hrtual consensus Why beforw 1
laboratories and that 1t wlll acoun or artar 2013 (or npever}?
observatorles for (the nftar 15
high vacuum, years]; dissgrese—
teroc—g, and apace bent a2 to when
Tesmarch
5 Mamningful internatimal )| §o consanaus Why before 1673
lagal agreemant on or nevar?
colonization of planets
5 Developmant of Virtual conaensua Why baforse 1987

intalligent declasion:
making robots for
exploring hostlle
environments

that It will oceur
{thavgh arter 15
years); dloagrese—
ment an to when

ar after 2013 (or never)?

€ Earth weather contro 1déTy diver—
f"ugnetoupherlc medd— lgent opinlons,
1inz") in the sense of |possibly aue

having & highly rellabl
ability to causs pre—
cipitation from certatn

to differing
interprota—
tions of the

Why before 1
or after 2013 [or never)?

Questionnalre 4
3,5 SPACE PROORESS
This 13 the last quastionnaire 1in our pressnt inguiry inte epinlens on future progrean in
space.

Before giving you & wumeary of the result of the preceding round and putting moma furthan
subatantive questions before you, we would like o azk your preference a8 to whather on
not & report on this study should mention your perticipation as a respondent. tnder ng
circunatances will any direct quotations e abitributad to Fou.

a. Cheek here If you have no objecticn £0 having your name
mentionsd &8 that of & respondent in thim current study: D

On aix of the thirteen apecific Items concerning spuce davelopments that had been put bafore
the pancl in the previous questlonmaire & aufficient conssmaus has been eptablinhad to mar—
rant ¢ur bringing thelr conaldaration to a eloae, — umlaam ¥ou wish to take expiicit ex—
¢eptlon to mny one of them. They are listed below {Tavle 4.4b) together with the majority
opinlen on the expected time af their scourrence.

Table ¥.4b

Items on which at least & moderute consenaus seems to have bmen pbtained

Description of development

[} Me fority opinian X
7 | Mnned Marz and Venus fly—by

[]

3

Between 10 mnd 20 yaars from now
Bttween 12 and 25 years from now
Betwesn 17 and 25 years from naw

Manned landing on Mars and meturn
Detpapace manned laboratorles and
obaervatorias for high—vacuum,
zero—g, nd space research (“dasp—
space” in the sense of higher than
orbital

10 | Probez (gmall lnetrumented unmAnned
raylosds) out of the solar system

11 | Re—execution of eritical experiments
In deep apace (Michelzon—Moriay,
speed of light, equality of grmvi-
tational and inertial masa, etc.)

12 | sweeping up Barth-trapped rmdiation
2onen

During the 1980's

By 1390

Never, since not sconomically practizal; it
will probably ba chsaper to build radlatien—
Tesiatant equlpment

b. Please mark with a cross in the last column of the preceding table any items regarding
which you find yourself in substantlal disagreement with the stated mejJority opinion.
Far emch such case, state balow the nature of your dimagreement and, very briefly,
the reason for your differing opiniom:

Of the remiining 7 of the 13 items of Queaticnnaire ? we shall drop Item % (on Intar—
national sgreamante regarding planctary colonization) and Item & [on Intelligent dectsion—
maklng robota for exploring hestlle environments) from further conaldermtion, because in
both cases the widely divergent rexponses muggest that we may sxpact a gradual develop—
ment, with ne apecific dates that can be mesningfully attachad unless the questlons were
(rather arbitrarily) phrased much move apecifica 11x.

types of clouds original
uzat ion
Thiz leaves us with 5 residual ltems from our former liat of potential mpace developmenta
s 3 and Verug  |Kalarity opin- Why after 1997 (or naver)? that require further cxamlnation. They are listed in Table 4.4c on the following page,
Iy—by ien that 1t The table 8lsc includas, as Ttems 14 Bo 16, threc ltems about which & tentative consonous
will oceur had already been sanomced in Table 4.3a of the previcus queaticrmaire; their comsidere-—
batwees 1972 tlon 13 being resumed hare, bscause 11 cach case sevaral Tespondents explicitly volced
and 1986 disagresment with the opinion stated,
€. FPlease Teconsider the potential space developments liptad in tha following table.
8 Manned land on Newly propose They are the remaining items, on which thus far ne satiafactory comsenaun has been
Karo dnd ratoen Tren Tropesed o arren S01s {or mvar)2 obinined. Tn some cases, the description has been reworded in an effort to eliminate
- ) vaguen:a? (which may have been pmrtly responsibie for the apparent discrepancy of
opiniona).
In glving us one: more your estimaten of the years when the probability of occurrence
reaches and regpectivaly, plemde take auch reformulations into aceount, &s
wall a8 the merit I any atatemento of mi 1ty oplnions:
9 Perbanent base estab~ [Majority opin— Wny befora 1568 Fite o i ntm‘nle 'o'."?: ¥ o
iéamu cx;nga;-ing:ay, lon that it or after 2013 (or never)? . R
oen, L3 3 jwill even— - Description of MaJority con— -
stay) ;::1'1]&0:::;-, tential development | nehmus fo date | Minority spinion Wi—year BO%—year
fure 1967 1'Manuracturing ortgmpdA By 1586 :oe far ;;.o to 50 years, 1{ o
lants =nd raw mateplal ecaune tranaport of require
10 Probes (emall lnatru—  [Widely diver— Why before 19 on the Moon machinery to the Moon would be
mented uwimannad pay— [get opinions, or after 2013 {or never)® prohibitively expensive i
loads) out of the posibly due 2 [Estubliatment of permanent] Between 1980 | Not for &t least 50 years because :
zolar system o differing remearch stations on near | and 2000 ar extremely difficult loglatica
{nterpreta— plansts
tlony of Lhe
original er co ET T n » be
1g L) € [Earth weath ntrol, in | Not for 20 o Within 15 ywars, because current
lquest lun the sense of having a MOre years techniguea are promising, and
highly reliable ability efforta for expanding them zre
to cause precipltation in progress
11 Re—exacution of eriti- [ Newiy pro— Vhy before 168 nl-uud:artlln types of
cal experimentn in posad ttem or after 2013 (or never)® L fclouds
Boriey tpect of Light P nent Rara base (aye 10 anasony T |t for e Jeman 0 yrare because
orley, speed o, B 8 base (=ay, Lt of axtreme ol tica
equal{by of grawlta— rn::: for an 1n§er1:¥te £ ¥ o i
ticnal and inertial period]
mags, et L
weeplng TP ™ Newly pro— ore 1507 -
1 - 13 |manufacturing of atmos— Could be done Hot until 2000 ¢r later, because
trapped radiation posed item on affier 2013 (or never)? pheres suitable for &t any tima; tranaport of required facilitles
monan be%ng! an Moon or wlll be done would be prohibltively expensive
planets (nc implication when First per—
of surrcunding entire wanent lunar
b Moon or planst with m’ base is(estﬂb—
- In
13 Manufactuping of Hawly pro— Why befors 2013 atmosphers i intended lianed {(that
atmospheres sultabla | pozed item or navar? probably by 1585) B
for human baings 1% |Radiation immmization Hever befinitely sventually, at least
un Moon ar planets {through pills er other in the mense of a statistically
reans ) mignificant improvement: thia
view 15 supported by recent
Soviet claima of elready having
condurted suscessl sxperimenta
in this regard o
15[Commeraial global ballio— |Never Derfinitely within this century,
tic trenaport (including by botat plus booat—glide method,
booat—glide techniques) at least Cor mall and for military
purposen, and to remote sreas such
43 polar regions .
16| Manned minguverabla geo— | Never Probably not in this century, but
esntric bombardment fleet by no means to be ruled out en—
tirely

d. Do you wish te¢ add any comments? In particular, is there anything further you wish
to say in support of your views am expresacd In your emtriee in the foregoing table?
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PART A5

QUESTIONNAIRES ADDRESSED TO PANEL 5 ON
WAR PREVENTION



Questionnaeire 1

5.1, WAR FREVENTION

In recent years the conviction has growa in scas quarters
that another major war, involving direct confrontation of st least
two of the great powers, is most unlikely to occur except possibvly
through inadvertence {such as a nuclear accident or a misinter-
pretation of signala), or % an escalation (mutuslly undesired)
of a political crisis situation, leading to a preenptive attack
out of the fear of an sneny attack being imminent,

()} Do you agree or disagres with this view? In fact, if a
Rajor wer wers %o ocour, #4y, during the next 10 years, how do you
assess the probabllity that ita cutbreak would be due to:

(1) !.n-durtenc!............D
(11) wescelation of & political erisis ., . [:,
(411} escalation in the levsl of wviclence
unon—soin;ninorvu'......m
(iv) surprise stteck at a time vhen thers
18 no ostensible mcute crisis . . . [:]
(¥)  other rsasons [Bpecify) . . . « . « D

8

(b) In your opinion, how high is the probability that another
major war will, in fact, break out

{1) within the next 10 years . . . . . .
{41) within the pext 25 years . . . . . .

{¢) Fumerous idess have, of ccurss, besn t forth as to how
one might go abeout reducing this probabllity of snother msjor war,
They range all the way Iros attalnsble but inadequate to adequate
but unsttainables, In your opinicn, and in view of your estimates
glven above in response to (a}, what specific measures that you
regard as both realletic and effective might be underteken in the
future, and by vhom, in order to reduce the overall probability of
the occurrence of another major war?

(]
C

[Use reverse mide for more spaca)
Do you know of the existence of any information, in the form
of tabulations or enalyses, that might be particularly valuable
in reachiog projectione of the kind requested?
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Questioonaire 2
5.2 WAR PREVENTION

a. Table 5.2e contains a mummsry of most of Lhe suggestions mede for
reducing the probability of the occwrrence of another major war.
Please indicate your sppraisal of the effectiveness of the items
isted. In the second column, indicate your evaluation of the
probability that the measure suggested will be enacted.

b. Are there any additional mespures vhich you vould now care to

add to the 1ist? How would you regard their effectivensss and
probabllity? Please indicate these additions ion Table 5.2b.

TABLE 5.2@

SUGGESTED METHODG OF LOMERING THE PROBABILITY OF WAR

Bffectiveness Probability
if inplemented of implementation
MILITARY MEASURES ail (minor derate; high never | maybejcertaln

1. Inereased security of
compand & eontrol and
retaliatory capability

2. UITer of nuclefr WEApOns
to countris=s that agree
to support cur stated
nationel policies

3. oirengthening of NATO
alliance to insure &
guaranteed response to
prastated provocations

3 Bulld-up of convertional
forces

§. Improved defenelve
warfare techniques to
reduce probability of
escolation in limited
warg

6. Development of Lnvul-
neroble delayed-reeponse
weapons that are incap-

attack

T. Establishment of
meaningful world-wide
U.N. police force

POLITICAL MEASURES

1. US-Initiated unilateral
steps_toward disarmament

2. Hlateral arms contrel
agreements

3. Bilatersl reduction of
armapents enforced by
U,N, police force

T,. Strateglc arms cohtrol
{halt production but
not R and D)

5. SU-fnitiated gradual
improvewsnt of political
atmogphers

TAHIE 5.2m
Effectiveness Probability
ir \ of ismplementation
POLITICAL MEASURES( contived ) winor |modarate high never | maybe|certain|

§. B0 ;ﬂ'ﬁm Agree-
mnt to sesk psace and
reatrein othar nations
frem developing muclear

mgg
T political sasocis-

tion against China or

military activity,
induced by mn improving
SU-US atmoaphare

9. Bearing of technologi-
eal innovations betveen
US and 50

10, Holding the status quo
against even minor
anloas

11. Clear US statemgnt as
to vhich naticaml
interests are to be
protected by ouclear
deterrents, and orienta-
tion of our policies
to that end

12. Esteblisheent of Mational]
Aspegapent Centers which
would evaluate crisis
eituations and tranemit
policy statements to the
potential enemy tc clari-
£y US intent; etatemsnts
vould be unpublished to
prevent his “losas of
face™ but would contain
contingency plans to
show cur c¢lear intent,

13, Creation of buffer zones
to avoid direct coafron- |

tation of mejor powers |
1%,  Development of a new N
system of {nternational
political cue “signals”
which would indicate
real intent o go to
war unless political
asituation chacges, such
ag "general mobilization™

in the t
15. Support of RATO, SEATO &

0A5 to increase mmber of
world forums vhere poll-
tical differences can be
resolved vith minimu

"

faps"

16. US or SU demonstration
of the iotent to use forcy
of ineremsing levels {in
identifinble inerewents)
to specific provocaticns

7. Studdes (T 47
eciences™ {sociclogy,
group peychology) seeking

clues to var prevention
. Strengthening of the UN

vith the objactive of

forping & world govermment

19, Institute populeion com-
trol in all nations
according to UR decisions

ECONOMIC MEASURES

1, Rezopnition of Communist
China apd East Germany -
creation of a realistic

E uﬁ% T trade barri
2. L 0 eT'E

with Communist countries

3. Greater political and

econemic unfty among free '

advanced democracies

%. UN economic and military .

aid to areas threatened
by palitical upheaval

5. US—pramoted rapld
technological and

economic advancement of
underdeveloped nations

&. Increasad cooperative
seonowic, political mod
military ventures with
the USSR & China to
nromote interdependency

7. Develspwent of a cadre of
internatiopal UK civil
servants dedicated to
world values

B, Fostering educatiocnal &
propagands messures
deaigned to mmend or
establish values of
mutual tolseration of
various fdeologies and
the right to self-
determination

|
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Jurrntionnalrs 3
able 5.3a (aontimued)
.3 AR PREVENTION - - e iy
of panel's Your Your
In the previous questiennaice you had been asked to evaluate the patentlal effectivencss and the Previcus azsessments of uffegt— proba— Deoire|
protat'lity of implementation of cestaln Juggested methoda of lowering the Drobabllity of anctner potential | provability |lvaness Reason bllity Reason BIlity
Tejor wAr. Thesse roeAsurel have mow besn ranked by 8 combined index of the avermge offectlve— #ffective— [ of lmple— |estimmtel jestimate mank
T43T Br o AVATARe probanility assipned to them by the pmnel. Table 5.3a (p.3) rebreduces the ness mhtation ! '
Ciftesn top-ranking a—ony these measuses, LIn thelr ranked order; in mddition, 1t 118ts elght - d =y |
nowly preposed meaaures for your tonalderallorn. B Eatablishment of | B f 355 '
The Mt [ifteen entrlcs of Table 5,30 eay be resarded &3 represanting o tentative formsiation washnding Merld- :
of & consensus of the mujorfty of tne pansl members a3 to the more promiming among the 11at of i 1
umgested messuTen,
46 BPc now msking wo: o reappralss Lhrss suggeationa. While you may have given aome thought
19 Tuturs #23pan Gy8Tecd 10 vour pravious appraizal, we would now 1lke you to give expitatt o .
conslareation ta m111tary deyizea which, tn the opinion of Fanel 6, are likely to be Y Studles by aeci— % =
available to "omth the sesterr And Ehe Gov tloza in the neat future: ology, £roup :
payrholiny, stc,,
Crhiting Ipace reconnaissance 3tatlons areKing cltes to !
Temporurily [ncupu:italing as well s 2ethal blological agents war prevention i
Logery used both of funsivvly and A8 anti-ICEM weapona
Small taziical nuclear weapons - I R - : R R
: of 2ibmarines and anti-aubmarine devices FrnRtheRing of 35
fapl an1 hichly automated 1imitsd—wAr farcas the I with the obd
bew bechnizues of thourht control sand opinion manipulation Jretive af farming
& world governnent
4. For vech of Mcssures l—l2, Table 5.3 Lialy the avereses of the ganel’s previeus assessments I .
8 the menjurc's potential effe-ilveness and of the protubliiity of its lmplementation. The l _ L
aTPecilvenesa 13 measured on a seals of —
© for "nil", -} for "mino! 5 for "moderate”, 10 for “migh. L1 Dewelopment of a § ’ 1 T
i L . radee of ntere i
prata Prortven dnopereant. mational UN vivil | i
Flnase TU11 tn jour own, peasttly reviaed, rocerizal esti-ates, usieg the same scales. T waaprate : '
fran-was one af yone extimates Mffera subatar:lally fror the previous panel Bverage, "
azate your veassn fer this opinlon in the adfacent column. (You might interpret ! | . § . .
antin] difference” nn one of 3 or mors in effectiveness or of 208 or rore in B Atlazesal Ua/Su 5 ML !
s 2ontrel
iar mumerizal esti-ates of potenllial effectiveness and provalility of RRreements
on or Meagures 1t 7.
ur aielsor o teo Re :r* of the 1.5., Ir wiat omder would you be Inclined i
Laplementationg of She @3 fean listed™  Ansior rarks fror 1 te 27 arcord— B ) ¥, 0T T T N * - T
1 the Soluma heads | "Dealratbtiiny rank®, asing Bank 1 for the mopt desirable measure. Bt o ptatas D B
I makle - roese “vecsmmendationa”, canalier the overal} effects of sach measure, including 21 y .
It ~ort. Tinor agicesatons |
. - 045 questionnalrc, py of which 13 belm: returned Lo yeu For o farenne, :
3uTes aled g prraent L 1lon rave bec 1
further measure, beeguae of |15 Tmbroved T fepe 5 i 5 -
eruilon oo s{ve warfn 1 '
S.ha, anl techniguas to 1 |
Sate your rasen far cotace propanil_ . , |
. 1tz of evzala— !
Tau) rote 11
. SN i ra JRP —————
o 1 dre of garels | Your ! i 15 4550 politiral 5 -
) i prAvinus asseazments of| erfwi_ Destra-! ann0r1atien .
Dpotential | probability fivensaa Feason Reason BEltny asatnat Chira : .
LT etives | el lrple= | 2utlrate rani | or other thind { \
nega entatlon \ ] | Rarty ;
| : 1 JER )
: : ¥
Meaaure | Irplecentatton
- 1% Invitutlor to other nallony
1 - —_— t - —_— Lo Leo-ore e vuoof
‘ H Lhe
| ‘ : D ET Sarpert ard +F T 1
: the thited
Africa, latin
Burope, Azla 1
18 | t
R pe— - . . o - - _— 1 = i
“rv-lopment on o .
Toth 51lss of
“nvalnerable
tnmapatle ot The v Lo - B - - . N I
o witatk SR PRRARNLAG AMARE We s tepr
— e - . [ ; Alltrn of yratiaa of
- Er.d H Nu-lear warfare, by
i ; 3
| - ——e e "
; | 20
... B B
[ Ih—pramakey P T Eold
rapii teshne—
1 [EE—— o —_——
. 1 1
: || :
™ 13 | | - —_— e . ——— e )
tRF Qreanized encouraderent of
i | ~enscientious shiaction on |,
| the pert of asiertlsts to |
. Sooperation in the l=prowe—| )
. . temt m? acdper gegti-s |
*7 . ' ——— —————— - - - —_—
T prees T P35 ciftmulatad /AN war games, | |
‘ ‘ i plaged ty profrasional H :
! milltary plasners of tolh |
. | i s {posntlly with alaes | |
. ‘ ; Reason for |
1 | a [LES n |
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Questlonnatrae &
5.4 WAR FREVENTIOR

This iz the last questionnalre in our prwasnt inquiry into opfniors on war Prevention.

Before gj.vxn% u an account of what further consensus scems {0 MAYe smarged in the preceding
roand and pu ting aome Murther subntantive questions before you, we Would 1ike to ask your
preference as $0 whether or not a report on this study sheuld bentlon your participation as

& respondent. Under no circumstances will any direct quotations be attributed to you,

&, Chack hare if you have no gblection t¢ having your name D
mentioned as that of a respondent 1n thia current study:

To tumn now to aubstantive mattcrn, we begin this last questiontsire in the meries by
tially repeating the baslc quastiona put before thia panel in the cpening round. We are

deing this, rirstly, becauns a few respondents, having Jeincd the panal mftsr the fipst
questionnaires rad been praceassd, have had no chance te exprass their opiniena in this regard.
Secondly, the puraage of time sinoe the beginning of this Inquiry may, in the opiniot of some
tespondento, have brought about & change in the world aitustion warranting an adjustment of

ven—

This lenves us with nine suggented measures on which s comsidarable dvergente of opinions
has been recorded. We would llke you to rwconaider these, giving consideration te the brief
indications of ressons stated in suppert of minerity opinions,

£. Pleass indleate, by writing "N°, "-", or "4" ip the 1ast colum of the following table,
Whether your opinlon falls in the middleground (M), whather you are definitely cpposed to
the eeasure (=), or whether you are definitely in favor of 1t (+). (It should be unden-
stood that writing "—* or "+" does not mean that you ere necesssrily subseribing te the
stated reason against oF for the mewsure.) You ape reminded once more thAt Effectiveneaa
rungss over the scale frwm O té 10, with 10 as most effective, and the Deolrablllty mank
from 1 to 23, with 1 moet desirable.

Table 5.5¢
ested measunes for loweri the bability of war

on_which opinTens dlverge

the origlnal ::_:Mlteu. And Tinally, some reapondants way simply have chinged their minds, " Tour
poraibly by g ng considerstion bte some of the thoughta ¢f the panel's othar membsrs, which Middleground repre— | Minority reason | Winority yeason in opinian
have been transmifted to tham via the present and earlier questionnaires by impliastion. * | suemested mempure | NiddIcRITIRS repre againat measure | favor of measura {writa
ETTect] elra— ="
B, In ywr;ziniun; h:v]hiﬁz 15 th; tpxbabiltty that an::lin: uﬂm- :u, involving & swet iveness| bility (b11ity or "+“$
com. on of & 1 $4° v
fro e o great powar:, . Teak ou 5 [ US—promoted rapld 2 308 5 Topatisnt nd— This already 1s
(1) within the next 10 yearw . . . . . , , tuchnnznglgal and to _t,cam to mc;l;entlnr current US polley
11 £ t e . +conomio advance— s 15 underdeveloped and has proved
{11) within the next 25 years #ent of under— dountries may elfectiva; politi—
. [f much a major war should break out during the maxt 10 years, bow do you asawss the developed nationa not be condu— | oAl preventatives
Probability £hat 1ts utbreak would be due to: clve to lowaz— | Lo war wust not be
ing ths probs— underestimated
(1) Inadvertence [such a3 a nualear accident, a misinterpratation biliky of wap
of 31 13, unauthorized action b individual, initiat i
Sy a Enind power ["eacalyise wars] opei o Tidual, initiatien D 6| U.N, economic and 3 35K g The UN could This fa consistent
military aid to ta ta to not agree as to | with current po—
{11) sscalation of & political crisis {including s unilateral O arcas threatened 5 | 5ok 13 what countries | licy; 1t impiies
AGMEEELE CPLBL8) « 4 4 4 v e e e e e e e s e b ow e e v e s by political up— are threatened; | a atronger IN and
seal 1 of viol neaval supporting the | tharefore ix da—
() shrsattam in the Jerel of violence nanengote ] siafo mo af | sieasle
doubt ful nations
(1v) planned surprise attack &t & Time when there is no oxtensibla D wAy not promote
L L wAr prevention;
100% The 1M has in—
sufficlent Mands
We next peturn 0 the twenby-three guggested methods of lowering the probability of
major war, that had been submitted for your appraisal fn the preceding gueationnaire. They
now sgem to fall into three groups, namely, those on Which there 13 a consenaus that they 9 | Studiea by mnaio— 3 54 7 A waste of time | A betler cndsr—
ought to be relectad, thoss on whizh there i1m & conSeénsus that they are commendable, and 1bgY, Zroup pay— to to to and effort standing of the
thoas on which a considerable divergence of oplniecns 1s apparent. chology, ete., T Bez 16 causes of war 1a
The first group, of rejectcd measures, cansiats of the following four, which we gre 118ting :f_“égv:;:::"“ m:‘::::;; :u;""u
in Table 5.49 together with the median estimates of their effectivenens and of thelr probe— Produce bresk.
bility of Lmplementation aa well as the medlan of the deslrability rank attributed to them. Enrough Idean
{It should be remembersd that effectiveness ranges over the scale from O to 10, with 10 an -
moat effective, and deairability over 1 to 23, with 1 asm moat desirmble.} 1% | Strengthening of 5 308 T Extremely whn— ‘T™is 1s eur only
the UN with the ta to to likely, unless | hope
Table 5.%d objfectlve of B a0k 13 nuclear war
formi; 4
Suggeated messures for lowering the probabllity of nar that were rejected by the majority e oseurm
T e e = - -
11 | Development of a 3 So% 13 Civil marvants Deajrable 1F only
115ty|
+ Suggeated menaure et rrans | proreet ey | A ey cadve of Inter— to o to Inck political | in view of the
—lrones s e adan national N elvil 5 ™ | 20 pawar benef1c1al intlu-
16 | Invitation to othep metions to become member 2 108 20 servanta dedl— ence these people
atates of the U,5.A. . cated to world wIll exert when
17 | Support and promotion of the Tnited States 3 208 19 valuss . they g9 back home
of Africa, latin America, Furope, Asia . 13 | Holdlnz the 1 20% a Continunl fur policy to thia
22 | o izrd enecou ement of conaclent. 2 1 status quo agalnat to to to fighting would effect thus rar
abjmstion on the mart of scientiste fa soom o B even minor 7 s | 17 incrcase ten— | has been aucceas—
#ration in the improvement of weapon systems . AgEreEalona Sion; fhe risk | ful
23 | Simulated US/SY war zames, played by pro— 2 208 22 would be in—
fesslonal military planners of both aldes aranxed
1bly with n1d hang -
{possibly with sides interchanged) . 15 | Us—s0 political z 06 | 10 It might dissi- | This could mean
9. Pleape mark with a crosa in the last colums of the abowe table any ftems regarding whish fssociation agalnst| tg e | B e the S aag | "7 Stebility
¥ou find yourself in substantinl disagreement with the stated majortty spinion that they pii il 3 i A
ought to be rejected. For each such cese, atate balow the natuse of vour dlsagroement parey oo moae eomima
briefly, th :
and, very briefly, the reason why you think the measure should not be rejected af China’s Lrra.
Table 5.4e below similarly 1ists those ten suggesbed measures ragarding the desirability tlonality and
of which there seems to be & consensus: the pesalbllity
Table 5.he of a desperate
SRRAE grf 4 b the e reaction
E ted bab £
Suggested measyres for lowering the probability of war that were accaptad by ma jority 15 | Developmant of & 2 ok ) 3 mere pipe Tasential for
. eatan el . irealistic under. to to to dream effectiveness of
Suggested measure effectiveness |probadility| - meAlan T T | 18 the NATC alliance
. western ~8
T[ Increasad U.8. sscurlty of command and control and of T ] H | dymomios oF mut.
retaliabory capabliity i lear waplare, by
2 | Bulldup of Western—hloc conventional forces & o 1 . techniques Includ—
—o ' ing jJolnt US/Alllad
3 | Develapment on bath aldes of invulnerable delayed— T To¥ 4 rrisis— und war—
rTeaponie waapons that are incapable of surprise attack Egmlrag and systems
% [ Greater pollitlcal and economic unity among free as— [ 554 3 { analyses
vanced democracles 21 T wrs .
21 [ Military alliance L) 108 17 Not possible This could mean
7| US/SD pelitical agreement to seeX peace And reatrain [ 0% [ Petwesn U5 wnd 50 to to to short of fight- | world stability
| | other nationy Frem developing nuclear wehpona {plua pasainly T I5% 21 ing a wapr
8 E:t-‘ausmen:_nor a standéng world—wide O.4. police ] 338 5 Indim) together
foree, not subject to veto -
7'1-’ = Tn conclumion we would llke you to make an estimate of the potential overall effect of puraulng
12 | Blateral US,/SU army eontrol agreements 5 503 certain of the measures that have been considered abova. When you stated the probabilities of
14 | Itproved defensive warfare technlguea to reduce 5 0% T = maJor var sceurring within 10 or 25 years in reaponse to Queatlon (b} on p.l you presumably
probability of eatalstion in limited wara . mde some implicit aasumption aa to which of these meapures would in fect be part of the policy
18 | Davelopment of & oode af fatermational Law And catad 5 0% L] oF wur governmant and with whet suceeos they were likely to meet. : ¥
t of affectf 1d rourts of justice and a
ié:‘me:up:em: l::n‘:rt“ varie cou 1 B- Assuming now that thoza mepaurves 1fsted ip Tables S.%¢ and 5.47 for which you expressed 2
bo s ttl- & of the dlvision of Germany om % aveephe 3 ok s {nmmhle OPpinlon ware pursusd vigorously-by our Administration in the yeara tc come, then,
cttlemant of the diviaion e rran; crms
iyt ot the Svialen oL OrTeny, o o n view of the succems you would expect such efforts to have, what a e
membeT=hip in WATO (1) the probability of war within the next 10 years .

e. Please mark with a cross in the last column of the abave table any items regarding which
you_ find yourself in aubatantial disagraement with the steted majority opinion that they
Hauld be =ffective and/or deairable, For each such case, state below the nature of your
disagreement and, very brlefly, the reason for your differing opinlon:

{11) the probability of war within the naxt 25 yeara .

h. Do you wish to add any ¢oimenta? In particular, fs there anything further you wioh to may
in suppert of your vicws aa expreased in your responaes?
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LONG-RANGE POEXCASTING STUDY
Questionnaire 1
€.1. WEAFON SYSTENB Operaticoal
TAKLE 6.2n dnte
Having Te#liable predictions about future wam| unde
would be :? great lmportance for planning in the afea uf mttoml gfn“"ﬂ" Feanibility raah| ager
security. This spplies aqually te lilktll’% procuremsnt plaoning e lopad 3 “"'-'-"l"“frn pro- |status)
and to ita counterpart, the organizatica ¢ cootral, OFFERSIVE VEAPORE {cont'd il P | mods ra e h}a wlmple [peasible [@Airficult | grax |quo
In your opinion, what major dcvolop-nn in the fisld of 1%, Agent-carried tharmo.
noval weapod systsms have of occurring io Rlag L »
the next 50 years? [In tiom, by &11 I--n. 5. Developmest of
include 1B your co 1y nhive and & nutlear
wespons, Sut also p nilitary m:-nu-u-. »1th 2 pactiongl
warning devices, and "para*-military esd outrl@t political blast reies
weapon l?“"'-j Ballistic transport
Do_you know of the sxilatence of any information, in the form of troops
of tabujations or anslyess, that & m: ba particularly valuable 17. Tuclear wesgoas vith
in resching projeations of the kind requested? no or greatly reduoed
fadlous
8. bambe
Questioansiras 2 ToT WElitary dicle
syotama, with di-
6.2 WEAMGK STSTME recticn by sutommtad
cntrel Detile-
a. Table 6.2¢ coutalns s listing of =odt of the veapoos sugpeated ,_.,_,:w“n
Ty the panslis respoosas Lo tha first questioonaire.
Tirat colmec plessa indicate your judgmant of the SCTECTIveRss
of the weapoc. (Bere, “eff * e Lhat
political advantages vill accrmpany the scquisition of the sywtem). e
Tr Uw secand colusn indicate youwr Judgpmnt of the techalonl bilisy vitk tactical
faanibility of developing the Wapon 10 optratiopal status, Io tattlafisld com-
the third columr indicate Your opinion about two datas: sarlisst Puters, robot
possible cpermtional date glveo & crash progres, aod operaticml santries. TV sur-
date . qua political velllante of
b. Conaidering b weapoms sugftsted 1o Tubla €,2u, plsase List in :'::‘:""" cauntries,
Tanle G.2b any Mﬂnr suggestions you vould care to sAd, com- 2. Tactical kilston ! -
pletiig tha table s above. Guclser waapons for ]
TARLE 6.Pm nea by ground Lyoope H
Bugprated Veagoo Syatans J. Use of lasers for il
= ke o redar type ohogr
Oparsticoal sensors, Lllumi- ;
“:“ oaters, Sommnl- J
Effecti Paasibill dd ——atloza . .
if doveioped of a-nm?nt crraby uader L. Davioms wuch ua
vy | Fro- atatus selactive mstans of

perERTVE vRarom il jminor high |simple{possidis [a1rTiculs| gres |quo destroying nutomatic

1. Massive civilian da- . Computers |
fengt and post-var 9. loogtr-sedursoce
ecovery plan aircreft, perbaps

7. Underground location cuclear-povered, for [
of key productios loglstic spply or
Iacilivies Mm qpimmraer il

3. Rapidly wobila publl . - Deve -
vorka & logistics Tective systems 10
unita far var recov- v a0 and Light

& refuges suppord veapons Fapidly e
_l_'uﬂw' r-gcean bases & lm'pln%un-nh
Zactopiey to promsts varld-

5. Effective terminal H _ _wide pojlcs action
defenpe by ground- H 7. Peru.h-hh =mm=-r-
launched watl- |
miasiles | i . 3. Acwnu Tnteliic !

g, Bffective terminal geace carrelation
defenpe by wir- through wea of
laucched wnti- Compatare
migeile

7. Effective teyminal VRAPORS.
defease by directad roumea i N
enerey brams 1. Exvensive uss of T T ) T 7

B. MWiitary coatrol of devices which par- | |
space close TO eapth suade without kill-
for setcllite in- ing, wth ma vater | .
apeetion wad demtruc caancas, fire bowss, | |
slog electric vands, tear| | ‘

%. Orbiticg space recon [-1]
ralssance station Mioiaturé and im- | ‘F — b N 1

IG5 Bigger or invuioer- Froved sansors wad : |
able deterrents, transmitters for : !
approwching the saooping, recoanala- ‘
4ocmeday mmchice - oance, Arfd control i . '

Ao0a 'y of inspectors, stc. | |

11, Bardened low-redia- 3. Use of "economic o :
ticn, fow-blast, sbovmmnahip” (L.e., | |
high-peutren, luay explormtion} | i ‘ !
ruclesr veapoos and naw forelgn-ald | :

T Electron curtain - tachnlgus to ofle- !
foniped sheath to -n:- uuen. i : i
prevest electro- cal agrate * —
mgoetic radiation .rar covert um over H
peoetration long periode .

'r?ﬁh_d-wlﬁr' ' -
f techoigues of !
OFYTNAIVE VEAFUES by |
I, Ll blologteal | T T - Propagiods, BOWEHT : )
o I T T ! h coatrol, .:a oploion 1

2. Intapacitabing i " i _E_mﬂ'-“ tion - ;

biological agents | | J ﬁ—ﬁﬁT‘ — w""’““ = 4
T cal A N » N :

3 ﬂ-:::;lu ::“::u I | k . crultment of forcas ‘

o resiat ' : : from soemy populstiod | ]

. Usr of druge or o - ‘ I . |
lastrical stim- ; : . i ! ]
lation te crestc : | ! NAVAL VEATORS - I |
wreificisl mativaticd | . ! : 1 il
to undertaks super- i . " 1 )

5. ICIK's with other i ; 2. Anigmmt 1o Ry -
than muc ar- i of atrategic sttack k
brada such aa ' o primmy sission . p

& weattar sl H 1 " mawy - ! ! . ‘

. T _man. H . g R RS S JS—

7. Olrected—energy * b Efectivanii H i
weapons locludiag ) : wubaario capablilty, | ;
et oAt 10 i i at lsast againogt i
rediation, particle | : M subs | oy
bemma, vidv-aperturs | : 3. Eomesticated | !

Forpolses or i I |
dolphice for anti- i
é?tml' :‘;‘:w"_ mulmarine recoonats-{ | I
o ARDCE
bused reconngiseaned [ T§. T Deep-iivicg a - '—'lr
9. Dimar vsburimmt ! ! mraibles mde of ! 1
i materials vhich i :

0. ::"ﬂ'm“:“m Ja¢rimer drtaciicn J
For blackmail : . — P b —— 1 |

. Bﬂnﬂ-:-:nu:- ar i otrateglc minmaile L H ‘{ |

i [ \ _s_z_“'-.. |
T;"—:lﬂ{?ﬂl—— 4 § T duu—.x ocoupation TS i T
veupans ¥ith ooo- ' 5. = rmnzp—k l -+

atomic triggers _ _‘ ] oantal uhderses

B Wiltar e oo : ) l [ vracezors pipeiioes [
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Queatilonnailze 3
& 3 WEAPON SYSTEMS

O! the 53 items tubmitted v yuu in Questicnnaize 2 we are now dropping slmost one halt from
turther considerarion
=ither that thelr fempibility 15 40 law sp to make development in the foresecvable furure very
uniikely vr that their effectivenrss. even LE developed, would be too luw, or bor

The remaining itemA are listed fur your reconsideratiom in Table 6.3a. together with four new
irems which represent afcerchoughts sugygesred by panel meabers in reEponse to Questlonnaire Z.
Fur_each ot the uld Irems. Table 6 3u ulso [1ars the aversges of the panel’s previous asscss-
muts of the lcem's potential eitecciveness and of the feadibility of Lta developmenl. ad well
45 the medisn years in which sperationsl readineas has been [orecast wnder the assumptions of
vither 4 cTash program or the stazus quo.

Buth effeceiveness and feasihility have been measured on & scale from O ra 10,

Effereivenes O for "nil'. I-3 tor "minor", § far “moderste’. 10 for "hl R
Feasibility: Q fur "lmpossible’. 2 for "difflculr™, & tor “posnible”,

a3y folluws:

for “atuple”

4 Pleaxe HIL in your owi. pos2ibly revised. nuperical estimates, usin th- same scales, as
expect operational readiness under a crash program or under che
~F wour escimates dLffera scancis from the previcus panel

y stace your reasun for this opinlon in the adlacent coluan
aubstancial differcnec™ as ane of 3 or wore In the case ol Effect-
4 Year prior to 19%C. and aa one of 10 or wore for & Year beyond

(ou might incerpret a
ivencar or Feasibility wr
that. )

b In rhe previous guestionnaire. your cepy of which ia being returned to you for reterence,

the {eems fncluded in thi- present tabulation have been circled in your aepinion. should
any further item from that earlier List, bucause of its feaslbility and porential effecr-
ivensss. have been inc luded in our present listin fur further consideratian? It so.

indicate chese in thy Llanks at the end of Toble
elfecrivensss, lemsibili and years of readiness.
they ought to be Lacludud

and tl1l in your escimaces of

e your rvason for thinking that

This 1% being done on the grownds that a majority consensus has indicated

3 Flease look over the questionnaires which wre buing submirced to Panels 1 (SCLENTLIFIC BREAX—

THRIUGHS) and 5 (HAR PREVEKTLON)

If this perusal suggests any furlher weapon system items

Table 6 3a {(continuad)

LCeocription

Effect|

Fraa

Previnua aversge
Crllh]S

Revizad

Cud

Progr | Quu  [Effect Feas

ssment
Crash
Progr

Status!

Reason

0{f 7 Directed-energyl] 8
weapons (elec-
tro-magneric
radiaclon par-
Cicle Beams,

1

1970

|

1978

off 1Large orbiting 7
setellite wea-
pons for black.
mall

13 you. please list these tov at the end of Table 6,38, and likewise estimare cheir effect-
fvencas. feasiblilry. and years of readiness. und brlefly indicate your reason tor
taelus ton
. Table 6.3a o
Average of pancl's Your Reason for your
Item | Description previous assessment revined agsesiment vpinlon if any aof
Pocen- | Feas| Yeur ready |Poteny Feas| Year ready your assessoents
cial | of under cial| of under differ substantially
. Fffect | Dav Cush!sums Effecq Dav | Crash]Sracus from the previous
v I | Progr, ] Pipgr| Qun panel average
[Det 1 Manatve eivils 7 5 T Teed 1980 ¥
ian defense andi
Lpust war Te- .
covery plan
“pel T Rapldly mobile T 5 T 7 7T 1967} 19R0 T N K B h
publiciworks
and loglstics
units for war !
recovery and
relugee suppurt | | _ . . P — p—
EfTectIve ter- ¥ i 1970° 1977 |
minal defense i : : |
by pround- H ! | .
taunched amti- .
aiesiles
Rffective tar- | b 2 7 190 1980 .
ninal defemsc | !
by air-launched i :
anci-missiles
[ I PR, I J— -
Def 7 Effective ter- © & 3 T 1975 19a% :
winml defenne ! : i i
hy directed i
enezgy beams .
__l SR L
Def % 0rbiting space & 17 1969 [ 1973 |
Teconnailisance
wcarsan
| .
[ . - [ H _.i - — ———
Off 1 ftethal BloTogl-T 4 T8 |1 T I !
I \
| i I
|J ‘ : .
. - - [ ——
Y01t ? [lawapacitating T 5 7 11967 1970 —+ } "
. 1alogical :
MgEnts .
! : | |
ot 5 Biological T I Th | rgzal wer T T T* -
agents destroy-
ing the will tu-|
jpesLat
Ot 5 ILCEHs with T 963 | 1972 7T f * b e o
wther than H
muclear war- |
heads (nuch as |
robat anipers) , . { !
6 Wearber manipu-| 7 4 1973 1980 ' ' ! W[

jlatien
|| i

im L' Au[ ted tac- []

E GT. pabili-
:y (Imnlrﬂ:ld
computers, Too
bot sentries,

:v:LLljnct -

Lim 2 Ilc{hn'l kilo 5
ton nuclear
‘uenpous for u
by groumd
troups

I'—

Lim 3. Usc of lasers %

fur radar-type
runge senzors. |
illuminacorn. F
commmications

Lim § longer-¢ndur- | 5
'ance alrcralte |
| parhaps nuclear
owered. for
cpistic supply:
r bombardment’

| o
Lim b kapid mobillly L]

of men and
Tight weapony
o any point om
Earth for

— - pulice actien
Tin 7 Beristabis 4

Tim Bl Accuraté inid

i counter- {naur- |
Kent arma !

tigence vurre- |
lation through |
une of com-

| puters

—_—t

9

90| 1975

1965 TI9E%

7

963 1970

195, 1972

TiEE 181y

|
| |

Bl ”J

Fol I Extentlve use T [

‘ of devices
which peraunde |
without killing !

(u-:n cannora

proved sensoes
ipd trandoiree
i fur anooping,
reconnaireances,
arws contral i

—
Pol 7

"Ecancmic show-
manship”; new
fore lgn-aid

| techniques to
influence

nat lonk -
Advanced tech- &
niques ot pro-
pagands .

thought concrel,
opinfon manipud’|

___t lation HE
Fhol o Hiad ceodiog 7

Masa hypnotic 7
Tecvultoent of
forces trom

enemy populatiod

Mav & Effwelive anet-"  /
submarine caps-
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Questiennairas &

6.4  WEAPON SYSTEMS

Tnis 13 tha laat questionnaire in our present Laquiry into opinions on wesapon mystemo in
the MNuture.
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PART B: THE RESPONDENTS

Of the 82 respondents, 35 were members of the RAND
staff, 7 were RAND consultants, and the remaining 40 were
unaffiliated with RAND; 8 of the latter were overseas
participants.

The following is a list of those nonmembers of RAND
who gave us explicit permission to mention their partici-

pation:
Clark Abt R, W, Hamming
Isaac Asimov T. C. Helvey
Robert E. Beerstecher Carl G. Hempel
K. A. Brueckner Werner Z, Hirsch
M., C. Bryson Eric Klippenberg
Arthur C. Clarke Ferdinand Lundberg
Starr J. Colby Alexander Mood
Bertrand de Jouvenel Frederick Osborn
Ithiel de Sola Pool John E. Pfeiffer
John D. Durand William H. Pickering
Leonard L. Fischman Martin Shubik
Dennis Gabor Stephen Toulmin
Peter C. Goldmark Warren W, Weaver
Harold Guetzkow E. P. Wheaton
Harold Gumbel J. R. Woolpert

R. J. Gunkel

A breakdown of all panelists by professional background
is as follows:

Economists . . . .+ - + -« . . . 12
Engineers . . o« « « o o « o 20
Mathematicians and logicians . 14
Military officers . . . . . . 1
Operations analysts . . . . . 4
Physical scientists . . . . . 17
Social secientists . . . . . . 9
Writers . . .+ « « « o o 4 4 e 5

Total: 82



=36—

The total number of responses (i.e., at least partly
completed questionnaires) was 348. Many respondents
participated in fewer than 4 rounds of questionnaires; on
the other hand, quite a few volunteered responses to
questionnaires addressed to panels other than their own,
and such volunteers were thereafter considered to be members
of those panels also,

Table 1 gives the total number of responses per round

for each panel.
Table 1

NUMBER OF RESPONSES PER ROUND FOR EACH PANEL

Panel
Round 1 2 3 4 5 6
1 15 12 10 18 18 17
2 11 7 10 10 12 13
3 18 10 15 15 13 15
4 23 13 19 18 17 19
Total 67 42 54 61 60 64

Thus the average number of responses per round was 87, the
averagc per pancl was 58, and the average per questionnaire
was 14%.
To give some idea of the degree of stability of par-
ticipation, we have tabulated below for each panel
(including voluntecers from other panels) the percentage of
its participants who responded to all 4, to 3, to 2, and

to 1 questionnaire, respectively.

Table 2

PERCENTAGE OF EACH PANEL
PARTICIPATING IN VARIOUS NUMBERS OF ROUNDS

Number of Rounds Panel (%)

Participated in 1 2 3 4 5 G
4 5 17 15 21 19 40
3 17 0 19 14 3 12
2 28 30 23 21 25 12
1 47 o2 42 45 53 36
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PART C: QUOTATIONS

As a byproduct of the study we received a large

volume of comments in the form of correspondence or marginal

notes added to the questionnaires. The following quotations

represent a small selection of such comments, which seemed
to us especially noteworthy.
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"The descriptions...are so brief and vague
that most guesses as to effectiveness, feasibility
and earliest date are very hard to interpret...
People who agree on every aspect of technology
and political science might still find themselves
on opposite ends of a range of guesses because
of differences in interpreting the questions."

"We hesitate to call anything impossible...
There seems to be a feeling that hardly anything
is beyond us, that we can solve any precisely
formulated problem...This confidence among
scientists contrasts strangely with the lack of
confidence among 'humanists' in man's future."

*T would prefer the opinion of one expert
to the opinion of several diluted by a multitude
of incompetent guessers."

“i{ believe that one overwhelming breakthrough
which is imminent is in the field of behavioral
science. It will be a realization that we cannot
successfully predict the future because its nature
depends on discoveries as yet unmade and inventions
as yet uninvented."

“There is no relation between level of tech-
nology and level of employment. Technological
change is no more rapid now than it has been over
the past 100 years."

“Most minds aren't worth reading."

“China is working unwittingly toward US-SU
agreement to seek peace and restrain other nations
from developing nuclear weapons."

" ..on some political gquestions I have become
more optimistic...A minimum of sense will be enough
to bring about if not a treaty but at least a
working understanding with the USSR. Only for
God's sake leave Germany divided'l"

"I have seen with great interest the 1ist of
suggestions for lessening the probability of war.
...I have felt compelled to assign negative effi-
ciencies to some of them...'The offer of nuclear
weapons to countries that agree to support our
(U.S.) stated national policies' seems to me of
negative value...(since a) present government
cannot bind its country for the future...I also
regard as of negative value: 'Clear U.S. statement
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as to which national interests are to be pro-
tected by nuclear deterrents, and orientation of
our policies to that end.' Indeed its negative
value seems to me considerable...By implication
you will be giving permission to do all the things
against which you do not promise a given reaction.
The measure to which I attach far the greatest
negative value is 'Strengthening of U.N. with the
objective of forming a world government.' I
regard the establishment of a world government
with the utmost distrust...My concern is not for
the collective independence of the nation but

for the personal liberty of the individual,
Throughout history, men have escaped from a realm
of oppression to one where they were safe from
oppression...If you reduce the planet to one realm,
this escape hatch disappears...But, you will say,
a world government does not mean the collapsing of
all the various States into one realm, only a
general supervision of the various States. That
is what the advocates of World Government believe,
But are they right? Is there a single instance

in history of a super-authority which has not
either become futile (like the Holy Roman Empire)
or moved towards unitarian government..."
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PART D: CONVERGENCE OF OPINIONS

The graphs on the following pages display the conver—
gence of opinions in the case of questions which were asked
more than once. (See Section 16 above.) Solid lines refer
to medians, broken lines to quartiles of opinions. The
numerals shown along the abscissa in Figures 1 and 2 indi-—
cate the questionnaire number. Labels below the figures
identify the particular question.
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