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PREFACE

These proceedings of the Second Svmposium on Long Range Forecasting and
Planning contain the papers which were presented and the discussion of those papers.
The discussion was recorded during the symposium, and has been edited to clarify the
discussants’ meaning., However, during the editing process, a conscious attempt was
made to retain the flavor of free discussion which ma-' »d tae symposium. We feel that
the interchange of information and opinion during tne discussion adds significantly to
the formal presentations, and we hope that both the papers and the discussion will prove
to be of value to all those concerned with methods of long-range forecasting and
planning. The reader should remember that the opinions presented by the :peakers,
particularly during the discussion, are their own, and do not necessarily represent the
official position of their organizations. ‘

Special thanks are due to Mrs. F. E. Carter, from the Office of the Staff Judge
Advocate, Holloman AFB, for recording the discussion of the formal papers; and to
Colonel Weldon, the Staff Judge Advocate, for making Mrs. Carter available for this
task. Als> we wish to acknowledge the valuable assistance of Majors Claude Stephenson
and Eugene Erb in editing the transcript of the discussions.

We wish to acknowledge the efforts of Mrs, Ann C. Masi, Mrs. Wanda Climenhaga,
and Mrs. Patricia Mergler in preparing the manuscript for publication,

Maj. Josera P. MaRTINO,
Air Force Office of Scientific Research.

Dr. THoMAS OBERBECK,
Office of Research Analyses.
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The Delphi procedure was developed as 1 tool for helping a panel of experts reach
a consensus. While this consensus may be about any subject at all, one of the interesting
applications of the Delphi procedure is producing forecasts. Dr. Dalkey describes the
procedure, with some information about its history and current usage.
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DELPHI

Norman C. Dalkey, Rand Corp.

INTRODUCTION

Delphi is the name of a set of procedures for eliciting
and refining the opinions of a group of people. in prac-
tice, the procedures would be used with a group of
experts or especially knowledgeable individuals.

The significance of the Delphi technique should be
examined in the context of what I call the advice com-
munity. Both industry and government are served by a
large group of consultants who purvey information,
predictions, and analyses to aid the formation of policy
and making decisions. The community is a highly mis.
cellaneous assortment of in-house advisors, and exter-
nal consultants from academia, other industries, non-
profit corporations, and, of course, any other walk of
life that appears reievant to the problem facing the
decisionmaker. Some of this advice is based on solid
generalizations from observation, either of the crude
empirical variety of somewhat more prestigious deduc-
tions from established scientific principles. A great deal
of it is opinion.

The notion of opinion is extremely fuzzy, but with
your indulgence, I would prefer not to try to make it
ptecise. With respect to the interests of this conference,
I believe you will agree that in the area of long range
forecasting of technological and social developments
there is an especially large admixture of npinion. For
this area, the creation of techniques for refining opin-
ion is of particular interest.

Pragmatically, a basic characteristic of opinion as
opposed to more solid knowledge is the fact that if you
interrogate several equally competent individuals, you
are likely to get a divergence of answers. This i obvi-
ously not a defining characteristic, since uniformity of

response does not suarantee the solidity of that,

response. From the standpoint of the decisionmaker, a
divergence of estimate creates a problem of how to use
the estimates in fashioning his policies. There are sev-
eral heuristic devices that are traditional in the advic«

community. One is to select a single advisor on some .

grounds (ranging all the way from personal friendship
to lustre within the community). This usually guaran.
tees a certain uniformity. Another is to involve several
knowledgeable individuals and employ some method of
group interaction to arrive at a common opiniori. The
most popular of such methods is that of the committee,
or commission, with a.variety of informal ways to
arrive at the sense of the committee.

Selection of a singie advisor in soft areas is clearly
fraught with danger; on *the other hand, committees
have certain drawbacks which have been dramatized
by a large number of investigations by psychologists
and small-group sociologists over the past two decades
(1). One major drawback is the influence of the domi-
nant individual. A quite convincing series of studies
have shown that the group opinion is likely to be highly
influenced, if not determined, by the views of the mem-
ber of the group who does the most talking, and 'that

there is no significant correlation between success in

influencing the group and competence in the problem
being discussed. Another difficnlty which has not re-
ceived as much attention in the literature is noise—
irrelevant or redundant material that obscures the di-
rectly relevant material offered by participants. A third
difficulty is the group pressure that overvalues reaching
a consensus (“A committee is something that designs a
camel when you want a horse.”)

DELPHI PROCEDURES )

The Delphi procedures have been designed to reduce
the effects of these undesirable aspects of group inter-
action, The procedure has three distinctive character-
istics:

1. Anonymity.

2. Controlled feedback.

3. Statistical group response.

Aronymity is a cevice to reduce the effoct of the

1
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socially dominant individual. It is maintained by elicit-
ing separate and private answers to prepared questions.
Ordinarily, the procedure is carried out by written
questionnaire; on-line computers have been used for
some exercises. All other interactions between respond-
ents is through formal communication channels con-
trolled by the experimenters.

Controlled feedback is a device to reduce noise
(among other things). A Delphi exercise wii usually
consist of several iterations where the results of the
previous iteration are fed back to the respondents, nor-
mally in summarized form.

As a representative of the group opinion, some form
of statistical index is reported. For cases where the
group task is to estimate a numerical quantity, the
median of individual estimates has turned out to be the
most usefu] index tried to date. Thus, there is no par-
ticular attempt to arrive at unanimity among the re-
spondents, and a spread of opinions on the final round
is the normal outcome, This is a further device to
reduce group pressure toward conformity.

A typical exercise is initiated by a questionnaire
which requests estimates of a set of numerical quanti-
ties, e.g., dates at which technological possibilities will
be realized, or probabilities of realization by given
dates, levels of performance, and the like. The results
of the first round will be summarized, e.g., as the
median and interquartile range of the responses, and
fed back with a request to revise the first estimates
where appropriate. On succeeding rounds, those indi-
viduals whose answers deviate markedly from the
median (e.g., outside the interquartile range) are re-
quested to justify their estimates. These justifications
are summarized, fed back, and counterarguments elic-
ited. The counterargmnents arz m turn fed back and

alditional reappraisals collected. This basic pattern
has, of course, many possible variants, only a few of

which have been tried.

The procedure has been exercised with material
where there is no immediate way to evaluate the re-
sults—e.g., long-range technological and social develop-
ments—and also with material where there is the possi-
bility of checking, such as short-range economic
predictions and estimates of quantities where the actual
figures are obtainable, typically almanac-type material.
For material where confirmation is possible, typical
outcomes are that opinions tend to converge during the
experiment, and more frequently than not, the median
response moves in the direction of the true answer. In
the case of material where confirmation is not possible,
all we can say is that opinions do converge during the
exercise (2), (3). /

One additional feature of present Delphi procedures
should be mentioned. Respondents are requested to
make some form of self-rating with respect to the
questions. Several different kinds of self-ratings have
been tried—ranking the questions in the order of the
respondents judgment as to his competence to answer
them; furnishing an absolute estime of the respondent’s
confidence in his answer; estimating a relative self-
confidence with respect to some reference group. In
general there has been no significant co:celation dis-
covered between sucn self-ratings and individual per-
formance for confirmable estimates. However, it has
usually been possible to use the self-ratings to select a
subgroup of relatively more confident individuals where
the performance of the subgroup has been slightly, but
consistently better than the group as a whole. In one
very thorough study, the improvement was obtained
only by combining two self-rating indices—ranking of
questions, and absolute estimates of confidence (4).

RESULTS OF EXPERIMENTS

There ar¢ many things we do not understand as yet
about the information processing going on during a
Delpki exercise. Thus, we cannot as yet determine how
much of the convergence is due to three different fac-
tors which are clearly at work: (1) Social pressure,
(2) rethinking the problem, (3) transfer of informa-
tion during feedback. Several exercises have been con-
ducted that throw some light on this. In one (5}, a set
of 20 almanac-type questions were posed to a group of
23 respondents. A control group of 11 respondents were
given the same questions, but on the second round were
simply asked to reassess their answers, with no feed-
back whatsoever. They were not even told what their

2

previous responses had been. In general, except for two
questions, the amount of convergence was comparable
for the two groups, and the accuracy of responses for
the ~ontrol group was as good as for the second-round
responses of the experimental group. This would appear
to indicate that a major facter in this exercise was re-
thinking. However, the effect of social pressure and/or
inforination transfer is also indicated by the fact that
for the experimental group the interquartile ranges of
the sccond round responses were uniformly contained
in the interquartile ranges of the initial responses,
whereas for the control group the second-round ranges




were contained in the initial ranges for only 13 out of
the 20 questions.

To try to pin down a little more the factors involved,
we conducted ait experiment this summer comparing
the performance of structured face-to-face discussion
groups and the anonymous questiornaire technique.
The experiment was guided by two presumptions.
(Hypotheses is too pretentious a notion in this rather
unstructured subject.) The first presumption was that
in a face-to-face situation, information transfer is likely
to be much greater than in the anonymous controlled
communication situation, This would presumably tend
toward greater accuracy on the part of the conference
estimates. The second presumption was thut the effect
of undesirable social interactions could be ameliorated
by imposing a specific format for the discussions. The
format employed was: for each question a new discus-
sion leader was selected by chance; the leader listed on
a blackboard all relevant information (including opin-
ions) suggested by members of the group; he then
listed as many different approaches (little models) for
answering the question as the group could devise; esti-
mates were made by each approach; and finally a group
consensus was arrived at by inform-1 agreement.

The presumption to be tested was that a structured
conference of this sort would produce more accurate
estimates than the questionnaire technique. The experi-
ment was performed using a group of graduate students
engaged in summer consultant activities at RAND.
There were 10 participants, divided into two groups of
five. There were 20 questions, of the almanac sort,
divided into four groups of five. Each participant group
answered 10 of the questions by questionnaire, and 10
by structured discussion. The only innovation in the
Delphi procedure was to interpose a pure information
round between the first and second estimation ronnd.
Each respondent was allowed to ask the group two

questions and the group replies were fed back before
the second estimate was made.

The major outcome of the experiment was that the
presumption that the structured discussion would turn
in a better performance was not borne out; in fact, the
questionnaire responses were, if anything, somewhat
more accurate than the structured conference responses.
The difference was not significant except for one meas-
ure, namely the sums of ranks of standard scores,! in
which the questionnaire technique showed up as better.

For the discussion groups, no adequate measure was
obtained for the role of dominant members, noise, and
pressure for consensus; but it v ~s clear from observa-
tion of the discussions that the st.uciure imposed was
inadequate to eliminate these effec...

An interesting anomaly appeared in the performance
of the questionnaire groups; namely, the responses on
the second round were more accurate than the responses
on the fourth (and final) round. Whether this was due
to fatigue—for each set of five questions, the entire set
of responses was obtained in one afternoon session—
or due to a saturation effect (all of the relevant infor-
mation elicited by the second round, and simply wan-
dering estimates from then on) cannot be determined
from the data.

Perhaps the significance of the experiment can be
most sharply summed up by the following conclusion:
If the conference groups had been requested to open
their session with anonymous individual guestimates
of the answer to each question, the median of these
off-the-cuff guesses would have been more accurate than
the group consensus obtained after a more or less
thorough discussion of the subject.

*Standard scores were computed by dividing the group esti-
mate by the true answer. The 40 responses were ranked in order
of accuracy, and the sums of these ranks taken for each configu-
ration (group, method, question set). The unalysis of variance
for the sums of ranks indicated a difference between the two
methods significant at the .05 level.

DISCUSSION

Delphi procedures are still in an experimental stage
with regard to applications to the advice process, The
evidence is mounting that systematic processing of
expert opinion can produce significant improvements
both in accuracy and reliability (using the notion of
reliability to refer to the range of estimates). However,
the role of Delphi procedures within the corpus of fore.
casting techniques-—extrapolation, simulation, demand
analysis, gaming, etc.-—has not been estabiished. In
particular, there are no cases that 1 know of where

Delphi procedures have been explicitly employed to
support specific policy decisions. Hence, there a1e no
direct comparisons of the r lative eftectiveness of the
procedures versus other mote traditional forms of
advice. Perhaps Mr. North will have some examples to
fill this void. The studies that 1 am familiar with in
areas relevant to policy have been more like exploratory
exercises to test the feasibility and manageability of tue
procedures with extensive subject matters and geo-
graphically scattered experts. In thie respect, the pro-
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cedures have turned out to be manageable, but often
rather cumbersome.

A common reaction is to imagine Delphi as a method
of obtaining inputs for some kind of formal estimating
structure—e.g., inputs for a simulation model. I must
confess that at times I find this is an appealing notion,
but it cannot be the full story. Most often, for those areas
where data is lacking, a formal model is lacking as well.
As a matter of fact, the Delphi procedure is one of the
most efficient ways I know for uncovering the implicii
models that lie behind opinicns in the soft areas. One
of the most valuable side products of a Delphi exercise
concerned with strategic bombing was the skeleton of a
model which was later fleshed out in great detail (2).

There are several tautologies which are directly rele-
vant to the group estimation process: (¢) The total
amount of information available to a group is at least
as great as that available to any member, (b) the
median response to a numerical estimate is at least as
good as that of one half of the respondents, (c) the
amount of misinformation available o the group is at
least as great as that available to any member (this one
is usually overlooked in discussions of the advantages

of groups versus individuals), (d) the number of ap-
proaches (or informal models) for arriving at an esti-
mate is at least as great for the group as for any
member, (e) corresponding item for approaches as
(¢) for information. For simplicity I have included
noise in misinformation and poor approaches.

These tautologies do not add up to anything like a
theory of the group estimation process, but they are
suggestive. For example, (c) and (e) hint that there
may be an optimal size of group for a given kind of
estimation. This would be in accordance with some
experimental results with small discussion groups. They
also suggest that part of the group estimation process
should be concerned with active suppression of misin-
formation as well as filling voids in information.

We have no way at present of determining whether
the questionnaire-feedback procedure is anything like
an optimal use of the information available to a group,
or whether it includes a mechanism for reducing the
effect of misinformation. Nox can we say that it is most
effectively used in isolation, or within the context of
other methodologies. In short, there is a very large field
waiting for the plow.
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Mr. IRwN. You touched rather briefly on one topic
that I wondered if you would expand on. You men-
tioned the variance to the questions, in your twenty
questions, was greater than the variance between the
control groups. Since the control feedback would ob-
viously be a very important factor in Delphi technique,
the person who controls the controls and his attitude
would be important. Specifically, I was wondering in
some or all of the experiments you conducted, do the
people who control the controls know the answers?

Dr. DaLKEY. The answer is they, at least, have the
answer available and probably know something about
it. If you are asking the question whether we made a
study of the influence of that, we haven't. I would like
to say that s an important factor certainly which has
not been looked at. You are quite right insofar as the
feedback is controlled. is, in fact, manipulaied by the
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Forecasting Study,” the Rand Corp., p-2982, September
1964.

(4) CampseLr, Rosert, “A Methodological Study of the Utili-
zation of Experts in Business Forecasting,” unj-ublished
Ph. D. dissertation, UCLA, 1966.
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Fstimates Obtained from a Consensus of Experts,” the
Rand Corp., p. 2986, September 1964.

experimenter. The experimenter is part of the experi-
mental situation in this case. And he should be con-
trolled. He has not been controlled in the experiments
we have conducted.

Mr. Irwin. Tt seemed to me particularly important
that if he knows the answer, he is going to filter out
some noise which he knows is noise but nobody else
does.

Dr. Darkiy. Thst’s correct.

Dr. TavLOR. We were just visited by Richard Suit-
man and we were having a discussion on what is calied
criterial learning versus noncriterial learning. This
means in one case we are playii 2 with the unknowns—
no one knows the answer yet-—e- _he other case where
the experimenter knows the answer and these may be
radically different arcas of performance and different
areas of experimentation. This is & very young field in
which you are working, as you indicate, and 1 think we
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should make this distinction and at times if we take
truly long range forecasting and planning, 1 think we
are playing with this noncriteria! type of thing. This is
just an observation,

Dr. DALKEY. I couldn’t agree with you more, and we
have made some attempts to distinguish between these
two types of material in the studies we have made.
Unfortunately, we are too impatient to wait 20 years to
check some of the results. It is clear for a number of
very important issues, you simply have to think in terms
of experiments that will stretch over 20 or 30 years,
there is no way around it.

Colonel Davis. Perhaps this would be a good time to
mention briefly a small amount of work we, at OAR,
have been doing in the Directorate of Plans which
seems to indicate there might be some connection be-
tween the Delphi technique, for example, and use of the
growth curve or logistic function in order to describe
the evolution of a technology or series of technologies.
I have a couple of viewgraphs and it might be appro-
priate to show them at this time. First of all, you re-

Ficure I-1

a. The Cumulative Logistic Distribution
(Hypothesis for Helmer Forecast)

-
0= 1+-exp ( —\g_ t)

where =

x—p
a

and  p—mean of the x values (15.75 yr)
o-=standard deviation of the x vaiues

{8.43 yr)
dG 1
~zt—~——v_~§_0(l—0)

member the report by Gordon and Helmer :om the
Rand Corp. which was entitled “Report on Long-Range
Forecasting Study.” We would like to have some way
of getting an analytical description of the evolution of
technology using one of the Delphi group’s predictions.
In this case, we chose the predicted progress in space,
a set of predictions. In the report there was a graphical
display of the predicted progress in space. One of the
axes was time in years and the other was the events
which we tool to be arranged in some degree of tech-
nological difficulty. An example of some of the events
predicted, for those who don’t happen to remember
them in detai! is: Soviet Union orbital and U.S. orbital
rendezvous. They were 1904 and 1967 respectively.
1970, for example, U.S. manned lunar flight bv
manned scientific orbital atation, 10 .nen; 1975,
something hike ionic propulsion, man to Mars, Venus

flyby, and so on. In trying, at least, to get some kind of
exponential growth relsted to this, we tried to plot it
and found that a plain exponential growth didn’t work
but a cumulative logistic distribution of events did, in
fact, fit within some reasonable statistical sense.
First, let me show you the equation (see fig. I-1).
(1-G) indicates the availability of knowledge to
be exploited which is occurring in a random fashion
whereas G is the actual growth of the technology. The
abscissa on the second chart (fig. I-2) is made up of
years, O up to 40 and is keyed to the year 1960 which is
the year 0, goin; to the year 2000; the ordinate repre-
sents a measure of the technological difficulty and was
obtained from Gordon and Helmer’s results. This is
simply an assumption from the results they had ob-
tained in an arbitrary fashion up to 1984. If you get
the arithmetic mean of these events for the different
years and plot a continuous line connecting them, you
have a line that is reminiscent of a cumnlative distribu-
tion of some quantity. Take the expression just shown
and make the appropriate substitutions then yocu get
the dashed line (fig. I-2) which, when you apply the
chi square test to indicate statistically the difference
between one and the other, is not unreasonable. If you
wanted to reevaluate when the events might have oc-
curred, which are above and below the arithmetic mean,
you might shift one this way and push one that way and
get a reevaluation of the actual times. In conclusion,
the result gives an indication there might be some
connection between the Delphi technique results and a
previously used method of technological forecasting.
The cumaulative logistic distribution has been used to
describe the growth of populations and growth or
development of other events, the evolution of other
quantities; and is indicated by Dr. de Sola Price and
other writers as having some validity; that is, a cumu-
lative logistic distribution describes the evolution even
of science as a whole and presumably this is associated
technology.

Dr. DaLkEY. There are two possible hypotheses we
can make, one is that this is an estimate on the part of
experis as to the way in which technology will go and
the other, that this is a statement about the psychology
of the experts.

Colone! Davis. Not only that but you could elucidate
a theory of growth of technology as described by the
product of a couple of terms, (1-&) being interpretable
as the cumulative distribution of availability of knowl-
edge when it is being exploited against time. It is being
sxpivii d by technology. In other words, it starts out at
value 1 and drops on down. In turn, the technology

goes to its maximum capability according to this hypo-
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thesis and levels off. Also 1-C is recognizable in the
distribution of physics. The distributing of quantum
states, some type of order situation, where only one
particular level can be occupied by one particular
quantum state. There is something which leads you
little further which we have not done up to this point to
see if there is further correspondence that might be
interesting.

Dr. Jonnston. With respect to this logistic curve, we
have had, before my time, a very unfortunate experi-

ence in using logistics for a reason that may be relevant -

in technological control—that is, in demography you
don’t really have a closed space except in some ultimate
sense that has to be defined out of the physical, perhaps
the psychological, so where you are on the curve today
cannot be specified nor can you fix the indexes. There
may be an ultimate maximum level, In the field of tech-
nology, if you restricted the argument to a particular
area of development, it makes sense to say that us you
approach the ultimate which you agree exists, you are
going to have a harder time, like saying to get 1 percent
down is a lot tougher than when it is already fairly
high. You start introducing soap and you get good
results. Now you are dealing with cancer and getting
very tiny resuits. I don’t know if you are talking about
technology without an upper limit or whether it is
appropriate.

Colonel Davis The upper limit appears to be pro-
vided, at this time, by the estimates of the Delphi group
involved in this particular exercise and some of the
results came out “never,” which puts a level on it; how-
ever, the upper limit is $omewhat in doubt and will, of
course, influence the whole shape of the curve.

Dr. LinsTonE. I would like to ask a question of Dr.
Dalkey. I had some trouble with the Delphi method
going back to this question of th- first two sociological
statements. Information was missing which gets down
to the problem in some areas: Is the majority or con.
sensus more correct than the maverick opinion? It
seems to me some areas can apply—I'll just mention
two: The scientific breakthroughs beyond the year 2000
on the scale; another area: military long-range plan.
Consider as an example the military area. If you tried
to get a consensus.in 1956 on army mobility in 1966,

most of it would be consensus based on 1956 which

would be misleading an1 not valid. The same, for
example, in an historical instance, in the area of science
when the gas turbine began in 1940; where we began,
the maverick opinion was collecting most of .the
records. I don’t know whether Delphi would have
helped; when you get such problems as the inbreeding
of experts you get the fact that breakthrough is un.

predictable by definition and it very often comes in
another disciplinary area. The estimates are in one area
and something else comes from the outside. I wonder if
the almanac or Lincoln or the questions you mentioned
are valid tests for these kinds of applications because it
is one thing to test known data, obvious to the expert;
if he is interrogated properly you would expect a group
of this type would be better in determining it than an
open meeting. By putting the first two tautologies
together, what do you get? I would like a comment.

Dr. DALKEY. Yes, I am hoping Dr. Taylor will raise
and discuss more thoroughly the area of evaluating
experts. We haven’t done a great deal of work on this
at Rand and it is clearly a very difficult subject. We
haven’t done anything about this problem of intreed-
ing you mention which I think is very serious. There
are = large number of aspects of the advice community
which has some drawbacks similar to those of smaller
committees. The community itself pertains to some of
these drawbacks which raises difficulties—difficulties
that I shall not comment on at the moment. The con-
servatism of the established member of a community is
very undesirable. With regard to the long-range fore-
casting type of material, obviously, we haven’t been
able to do anything experimental in that area. The
question whether the results we derive from experi-
ments with confirmable material is applicable to the
nonconfirmable material; 1 think to some extent it is
applicable. That is, the difference between postdiction
and prediction is not as great as we sometimes would
like to think. A question like the popular vote for
Lincoln, in a sense that was trying to make a prediction
backwards. I don’t believe that’s enormously different
from making a prediction, but there are differences.
As far as using a group consensus, the use of a sta-
tistical measure like the median rather than a more
direct way of ‘getting group agreement, I believe the
results we have obtained from the experiments are
directly applicable in that case. I think no matter what
material you are dealing with, the use of a more ob-
jective technique for arriving at the group response will
increase the accuracy of what you get from the group.
I feel that what it does is to get rid of, or at least
mollify, ameliorate, the willingness of members of a
group to throw away information they know in order
to arrive at a group response by allowing differences
of opinions to remain and simply reporting, Here’s the
range of opinions that we got, and the median seems to
be about the best way of putting it together. By doing
that, we allow a- maximum of information to remain
in the decision.
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- Commander HAMILTON. Several of us are a little un-
familiar with the Delphi technique. We are wondering
about the background and development. Do you, at
Rand, have a special group involved in this technique
or is this a sideline? You may have touched on this at
your symposium last year.

Dr. TayLor. Can we get the reports from last year
describing the Delphi technique?

Dr. DALKEY. In my paper I have some references
with which you can obtain some background on
Delphi. As far as historical questions, there are
studies on the subject that have been going on at Rand
since the beginning of Rand in a rather low key. By
low key, I mean, rarely have there been more than two
or three senior people involved. It has been inter-
mittent. We started in 1948—1949—1looking just at
this aspect of anonymity. We asked whether it was
possible to take a set of estimates from a group and
improve them by statistical advice. This was applied to
all kinds of questions such as forecasting the outcome
of horseracing among other things. We found that it
was possible to use statistical averaging techniques to
get results that were better than most responses of the
respondents. What do I mean by that? This tautology
says the median is better than half of the estimates.
That’s tautology. You can always be sure that’s true;
however, in most of the experimental results you will
find the following: This is a set of estimates; that is,
the quantity we are trying to estimate and you receive
some type of distribution in answers, the true answer
will be somewhere on this scale. In most of the experi-
ments the median is closer to the true answer than more
than half of the respondents. It would be closer to the
true answer in, say, three-quarters, five-eights of the
cases. It’s not something you can derive from logic but
it is something that turns out, to come from experiment,
and we have found that we were just looking for statis-
tical group responses. That is a rather crude way of
going at the problem and we gradually introduced the
feedback way of refining the opinions around 1953-54.
There was a little hiatus around that time. The reason
for the hiatus was, we were exploiting some of the
models I mentioned earlier which we discovered by the
Delphi technique. I think it is fair to say that this is
the reason for an increased interest in Rand and else-
where in this techniquc has been ‘he emergence of
a greater interest in long-range forecasting. The rcason
for that is, this is an area where we don’t have a great
deal of information. We don’t have a large number of
theories. If you are going to make decisions based on
long-range forecasts you are going to use opinions and,
therefore, a way of refining those opinions seems to be
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particularly important. I don't know whether that
answers your question.

Mr. CeTrRoN. There is a book which you may find
useful by Gordon and Helmer, “Social Technology”
published by Basic Books (1966), that would answer
your question. I am one of the believers that hindsight
is better than foresight by a damned sight and I believe
the real key question is control. As you mentioned, you
can control results if you know what the results were
when you check your information from past per-
formances. If you know something happens and have
the information you can also control the future pretty
well. One of our admirals said he can make these fore-
cast self-fulfilling by controlling the expenditures of
the money. I think we find that some of these things
are feasible but may never be picked up. Your forecast-
ing is strictly what is possible, and what will happen
depends on what resources are put in. Is there any
information or background work on this particular
area?

Dr. DaLkEY. Not a great deal. Let me make this com-
ment on the role of Delphi with regard to decision
processing itself. Normally, the decision process is laid
out like this: You have a series of strategies, policies,
courses of action, that you can carry out; a set of
possible states of nature over the future, which will
influence the outcome of those strategies and the
general decision process then consists in finding a
figure of merit for strategy versus the outcome. One
way is to find some estimate of the likelihood or
probability of the state of nature, and then use some
expected value as a way of scoring the strategies and
deciding on them. There are a couple of features we
have not gotten and have not appeared a great deal in
the literature so far, but are obviously on the periphery
and very important. First of all, the kinds of discount
rates you are going to use in scoring policies for events
that are far in the future. If you look at the normal
social process, you would swear that for many social
developments, it is enormously high. For example, the
standard one I use for this purpose is: Probably one
of the elements of the long-rapge picture that is most
sharpiy etched in the minds of long-range {orecasters
is the population explosion. It is also one of the things
that in some sense has the greatest social value of any
of the kinds of events that are talked about. It is a
disaster of the first order that we are looking forward
to with a great deal of certainty. The question is how
miuch is being done about it at the present time. If you
want to look at this question as a social discount rate,
how much of our resources are we actually spending,
at the present time, with regard to that problem and
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the answer is practically none. Most of the investment
we are making at the present time with regard to that
problem has to do with birth control and you can see
it is possible to discount most of what is being done
regarding birth control in terms of prcsent demand. If
women in the United States weren'’t interested in birth
control devices, we probably wouldn’t be doing any-
thing about it. If we didn’t think the population of
India was already too big, we probably wouldn’t be
doing anything about it. In short, here is this great
looming disaster facing us with a very high probability
and we are investing practically nothing. In that case,
the social discount rate is enormous. That’s the kind
of problem where we can use Delphi techniques and
I don’t know any other technique that would give us a
handle. 1 don’t know whether that answers your
question,

Dr. Cuacko. You raised the question about the

‘relationship between Delphi techniques with other

means of forerasting and as I listened to you, I thought
there was one large area where Delphi could be used
and has not been, at least you didn't tell us, namely,
your examples of almanac situtations, such as Lincoln’s
popular vote in 1860. I believe you are probably throw-
ing away a considerable amount of information which
relates not to the outcome or the ultimate results, but
to the logical process which this group has. The role of
the maverick is denied when you use the median of
the numbers. Have you worked on the logical process
of the participants in your experiments?

Dr. DaLkey. The answer is no. We think it is im-
portant but we haven’t dug into it in an experimental
fashion.

Dr. Cuacko. I have done a limited experiment in
this connection. In your speech you mentioned the
application of Delphi to business and government,
however, I will leave the business part to Dr. North.
T will report on what I attempted with respect to the
basis of forecasting for national policy making. The
features I wanted were: (1) Situations should refer to
the highest policy matters; (2).the process underlying
the policy recominendation should be highlighted; and
(3) the maverick responses should be highlighted and
not ignored.

What I developed is a bluff-threat matrix. Every
cvent in the cold war was identified in terms of one
or more of 110 blufls. The blufis are simply any
characterizations of situations. When someone says,
“There is a bomb in this building,” it is a bluff irre.
spective of the truth of the matter. Tt becomes a threal
the instant you look for an exit even though you may
break your leg trying to escape.

What 1 did was identify 110 categories which all
conceivable cvents of control could again be cate-
gorized. Please feel free to add to the 110 bluffs,
Corresponding to the characterizations, I identified 90
responses, and I am glad it came out as a 110 times
90 matrix rather than 100 times 100.

I presented these characterizations to the team at
Bendix, at the University of Michigan, arms control
group. It was a group of scientists whose reaction was
quite favorable. Two weeks later, I gave it to the Joint
War Games Agency people. There we had, of course,
representatives from all agencies and after explaining
the rules, I had them play the Vietnam game using only
unclassified information as the bluff: how do you see
the war situation and what are the objectives. The
amazing thing was that in spite of the most outlandish
hypotheses such as Cuba having a hand in Vietnam,
and the resolutions they wanted to make, I was able to
show that each man had a large matrix. When it was
put together, there was a reasonable area of consensus.
First, if there was anyone who suggested tactical nu-
clear weapons, that would show up as a different “X”
and would not be discarded. Secondly, we are forcing
each man to say why he indicated such action, which I
think you are losing if you merely look at the quaitity
results. So he says, “because of these, therefore I say
such and such.”

The merit of this approach is that instead of 15
volumes of 500 or 600 pages, the President of the
United States can look at one matrix representing not
only the policy recommendations but also the logic
leading to the recommendation.

With the 500- or 600-page volume, the President is
damned if he doesn’t follow the advice on the last
page but he is also damned if he does, because the
499 pages preceding contain caveats. But, with the
bluff-threat matrix, both the reasoning and the recom-
mendation are shown and any maverick is not ignored
but recognized. The orientation is toward substantial
policy matters of national concern.

Major MaRTINO. I’d like to say something regarding
the control exerted by the experimenter. From the
standpoint of the use of the ‘Delphi procedure as an
advice giving or advice gaining instruraent for the
yolicymaker, his role is different from that of an
experimenter in an experiment determining the be-
havior of people in the Delphi situation. If he wants
to alter the feedback or control the information in a
way which gives predetermined results, if he wants to
kid himself, he doesn’t need to go through the elabora.
tion of the Delphi procedure. The real danger, as I
see it, is a man may be kidding himself unconsciously.

9
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When I ran a Delphi experiment, I made a deliberate
decision at the outset not to include any responses of
my own or to sneak in any predictions of my own
because I believed I ran the danger of kidding myself
consciously or unconsciously. In short, I hired a team
of experts and if I had been an expert I wouldn’t have
hired them. So I stayed out of it. But I would like i0
inquire of Dr. Dalkey if any other attempts have been
made, or if you have looked to the problem of un.
consciously fooling yourself when you are the policy-
maker who has hired experts to run through a Delphi
sequence and give you advice.

Dr. DALKEY. Let me first distinguish between experi-
ments and technical applications of the procedure.
There is a big difference between using the Delphi
procedure as a tool of investigation for methodology
and using it as a tool for putting information in a form
which is useful to a decisionmaker. These are two dif-
ferent types of operation. One is an application of the
techniques and the other is a study of the techniques
and the information processing situation. In the past
this distinction hasn’ been as sharp as we would like it
to have been, but a number of exercises which have
been run using the Delphi techniques have really not
been experiments. They have been =pplications of the
procedure. As far as I am conrzrmed, when you are ap-
plying the techniques ther are no holds barred. If the
experimenter wants #, think of himself as being part
of the expert cor.munity, it seems to me that is a
perfectly reasons.ble thing to do. In some of the exer-
cises we have 7un, of the applied sort, our feeling was
that after the exercise was finished, the group had in
some sense a kind of expertise which none of the re-
spondents had. They had a better grasp of the entire
field, and of the interrelationship of the factors than
any single respondent. It is a way of helping a very
small group of experts to become more expert. It is a

way for them to become acquainted with all the rich-

ness of the field; to become as clear as possible as to
the structure of that field. As a device for a small group
of experts who want to, in a sense, become as rapidly

acquainted with all the richness of the field as they can,’

it seems to me it would be an extremely valuable device.
That's irrespective of the other qualities of the tech-
nique. In that case, it is not only reasonable for the
experimenter to manipulate the material before he feeds
it back, it is reasonable for him to impose some struc-
ture on the feedback material. In short, if you think in
terms of several rounds, by the end of the second
round of the experiment, you can say, “A pattern is
emerging. I begin to see what this field looks like. Now
let me check my intuitions against the whole panel of
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experts.” However, aa I say, that application is not an
experiment. I think you have to be very careful in
interpreting the results of that kind of an exercise. In
the material which I presented this morning, I tried to
be careful to refer to exercises where we felt the amount
of interference of the experimenter had been sufficiently
small so we could say we were dealing with an experi-
ment and not with a sure exercise. ’

Dr. OBerBECK. My question is aimed at focusing
attention on what is an expert and what do'you mean
by the accuracy which you defined with respect to the
almanac event. My question is: In what respect do the
Gallup polls meet your criteria with the exception of
the last point and if the Gallup poll is a Delphi tech-
nique? However, if we know exactly how the Gallup
polis are run, then what does expert mean there; and
what does accuracy mean there; and what do we know
about accuracy in respect to the Gallup polls?

Dr. DALKEY. I am not an expert on experts. We
haven’t done any studies which really illuminate this
enormously. First of all, presumably an expert is some-
one who just has a fair amount of miscellaneous back-
ground information in the field; and if you take the
standard type of definition in the selection of experts,
you will find that’s usually the kind of criteria used.
It usually comes down to a simpler one which is the
number of publications a mun has put out. It is a
standard academic type of criterion, and that is a
measure of the amount of background information
people have. But there is a point which is extremely im-
portant. No work has been done, but there is some in-
formal analyses of what we have done in this area and
there is a big distinction between having a wide range
of background information and being able to use that
information to estimate the answers to new questions.
In short, there seem to be two characteristics involved
in what you would like to think of as an expert: A lot
of background information and then some kind of skill
in putting that information together. Let me give the
result of one study we made when we were working
with the statistical response itself with the almanac
type of question. There it was possible to ask a very
large number of questions in order to make statistical
analysis of the results. In one study, we asked a rather
intricate question. The kind of response we were getting
from individuals was in terms of the probability of a
statement being true. These were statements where the
answer could be obtained. We deliberately mixed true
and false statements and we simply asked the respond-
ents to estimate the probability that the statement was
true. We then introduced a notion of precision, the
idea of precision was the following: Suppose you take
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all the responses of a given individual in whici he said
the likelihood of this statement being true is 75 percent.
We took all of the responses in groups. For evample,
take 75-80, count the number of questions where he
responded 75-80, then ask what was the proportion
of true statements in that group. The idea was that a
good predictor was one where, roughly speaking, if
you said 75--80, then 75-80 percent of the statements
in that group would be true. We discovered that almost
all of the respondents were good in this respect. If you
used just this measure, they all did very well. This was

rather startling; however, it turned out that there were
a few who almost never used 50 or 60 percent. They
always stayed quite well up in the 75’s 80’s, and 90’s,
Others were very fond of 50, 60, or 40. There was one
individual who was very fond of 95 and gave a very
high proportion. Well, 95 and 5, 5-0, 95-100. It turned
out that he also was very good in the sense that when
he said something had a probability of 95, it was very
likely true. If he said it had a probability of 5, it was
very likely false. He is the kind of chap we like to call
an expert. We didn't find very many.

One frequently used methcd of generating forecasts is to ask an expert in the field.
This leaves another problem, however. How does one go about identifying an expert?
Professor Taylor describes some of his research on means for identifying various
kinds of talents in individuals. This can be extremely important, as his work has
shown that evervone is good at something, and no one is good at everything. An expert

in the field to be forecast may well turn out to have no talent at all for forecasting. He

would thus be an unfortunate choice as a source of forecasts.

-—Editor
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UNSO.VED PROBLEMS IN SELECTING EXPERTS IN
PLANNING AND LONG-RANGE FORECASTING

Calvin W. Taylor, University of Utah

It has been both an opportunity and a challenge to
prepare a presentation on this topic. Dr. Dalkey opened
the field in an excellent manner with his clear com.
munications. In fact, he provoked enough thought in
me for a second entirely different speech from the one
I will give. I particularly liked his analogy that the
field is ready for the plow, with which 1 strongly agree.

First let me mention briefly some other fields of
talent which we have already plowed and show how
these enable us to be more ready now to plow the
fields of planning and forecasting. My approach will
be a more broad theoretical one. However, the many
specifics that he has been citing would provide many
research opportunities to learn more about those who
are more expert from those less expert. His last com-
ment indicated clearly that people differ quite widely
in their planning and forecasting talents, which is the
heart of the selection problem. Let us extrapolate from
what we know in some other high-level talent areas and
from what little we know in planning and forecasting
talents as a way to anticipate what likely will happen
as we do more R. & D. work on these newer talent areas.

First, let me make an apology for our field for
having made a contribution some 60 years ago and
then having oversold the public, or perhaps used in-
appropriate words to have misled the public. If we
should sketch a large circle to represent all the various
things that this tremendously complex brain, or man’s
mind, can do, we put together some 6( years ago a test
and we called it by the big word “intelligence.” Now
that we have hindsight, which is far|better than our
foresight, we can see that intelligence definitely does
not measure that entire large circle Hut measures only
one small circle within the much lgrger circle. With
this little circle being intelligenc¢ but with people
thinking we are talking about the big circle instead of
the little circle, then you realize the confusion that we
have created. The total research to date indicates that
something like two-thirds of that large circle has been
explored. We have found 7’ least six or seven other

’

circles {or talents) in the areas of the known, which,
on the average, might be equal in size and importance
to that first talent which we called intelligence. These
other talents as yet have been largely ignored in pro-
grams for identifying the talented. They have also been
neglected in educational programs, too, because we
have oversold educators on the word “intelligence.”

The plan for the intelligence test was to measure what
was already occurring in schools. So we produced a
closed system of intelligence intercorrelated with grades
and grades intercorrelated with intelligence—but un-
fortunately grades do not correlate very well with
what one does in the work world. This is the dilemma
that exists and our profession has probably been ac
tardy as anyone in finding out that this is a closed
system. The academic world is one world and the world
of the professions and other high-level .talents is an-
other world and there is comparstively little relation-
ships between these two worlds. In one case, we have
800 correlations between performances in the academic
world and the professional world and the average of
these correlations is .00, with a random error curve
around zero describing very well the histogram display
of all these correlations.

We have also looked at educational practice in terms
of the basic research on human characteristics. We took
several views of it, one of which states that in this third
perspective, education is viewed in relation to the actual
world-of-work requirements. Then we talk about the
Ph. D. on-the-job being a higher degree than the Ph. D.
in the academic world and how certain effects of the
academic world have to wear off before a person can
attain the real degree which is only earned by becoming
truly productive scientists.,

My doctoral professor was L. L. Thurstone, a
mechanical engineer who worked for Edison before
becoming a psychologist. He did most of the initial
basic work on what were called primary mental abili-
ties, stretching the number of these talents or abilities
beyond the seven or so in intelligence tests to about 20
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before his death, Guilford and his students have since
picked this up and developed it much further. If we
want to consider Guilford’s periodic table of the mind
(The Structure of Intellect, see Taylor, 1964), approxi-
mately 80 out of a possible 120 vells in his periodic
table can be identified to date. The intelligence test
includes about six to eight or if we are very generous,
we could say almost 10 out of the 80. That gives you a
feeling that we have gone a long ways in the talent arca
beyond what we knew 60 years ago, except i com-
municating this to the public and in widening the
practices.

One of these other new talent areas on which we have
been working very hard is creativity and another one
is communication abilities. A further talent area which
we zre now tiying to open up .oncerns planning abili-
ties or talents. Frankly, we have not yet paid much
attention to the equally challenging talent area of
long-range forecasting.

Incidentally, my most recent experience in planning
was in planuing this spcech. At times I couldn’t help
but wonder if I had a gocd enough plan and pondered
if I should abanden it and start over. As indicated
earlier, I was sparked to a new set of notes from the
first presentation and maybe I will wish afterward that
I had changed the plan in order to speak from these
newest and freshest notes.

Let me tell about some of these later approaches our
profession” has generally used in these newer talent
areas. Creativity, very appropriately by its nature,
represents our breakaway talent. Through our findings
on creativity we are trying to hreak away irom this
si:ongly held but erroneous notion of one and only
one kind of talent, onz and only one kind of giftedness,
Contrary .o this wicely held notion, the overwhelming
evidence is for multiple types of talent and multiple
types of giftedr. -ss.

Let me open up the work on creativity with my story
about a plan for geeti: g rich quickly, though obviously
I haven't put the plan into effect yet. | will tell you
about how it all starts, in terms of life and creative
talent on this earth for a given ind‘vidual. I have a
pian to open a nationa! chain of schools, so although
I am here officially to make this presentation, on the
side | um laying the groundwork to open another one
of my new schools. That is my real agenda here. Of
course, when we think about schools, we ask at what
level should we start applying our creativity work. We
always come up with the answer of starting at preschool
levels. I will use the hest paychological advertising. All
at once I will open up a nationwide chain of these
nursery schools and turn on flashing nwon signs across
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the Nation. The signs will advertise: “A Nursery School
for Creative Children Only.” Then someone says, “You
still have a problem in selecting the children. How are
you going to select them?” I have a very simple
answer: “I'm just going to let the parents decide.”
That’s how it all starts as far as creative talent in one’s
life is concerned.

There has been a lot of research on what happens to
potential creative talent as people move through their
academic world and into the world of work. Every time
we review these findings, we always want to go back as
early as possible to start at preschool ages and shoot
the works to implement all we have learned about cre-
ativity so far. Tomorrow I will work with the Colorado
State program for g'fted and creative children. Colo-
rado is a leader in being aware of and recognizing
officially at least two kinds of giftedness. We are going
to try and open further tomorrow this awareness of
their 450 workers throughout their State to include
multiple types of giftedness.

Researchers in creativity huve been asked how to
start having our findingz izaplemented into classrooms.
One way I responded was by writing a series on some
clues to creative teaching, on some hints about teaching
for creating activities in the students. This is a pattern
I would like to see followed in planning, too, by writing
a series and hy developing demonstrations on teaching
for planning activities in the students. Through these
steps eventually the students can have the opportunity
to experience creative processes and planning processes
and can develop their creative talents and also their
planning talents during their regular classroom
programs.

Recently we have been doing mary biographical
studies, life history studies of creative people, especially
scientists and engineers (as published Mar. 3, 1967 in
“Science”). From studying their life programs, i.e.
how they have been programed to date, one can fore-
cast whether they are likely to be creative or productive
or not. This is probatly cs good a single approach as
wailsble for forecasting whether a person will be pro-
ductive and even creatively productive in science. It
is also our best single approuch for forecasting perfor-
mances beyond the academic world in any field. Inside
the academic world, the usual study has been to predict
school grades. Most studies have done that and most
studies aren’t worth very mucl. because grades don't
forecast other things well, except other acsdemic
grades. This is one of the real dilemmas in the field, so
I am plepsed to work with you to start breaking further
away from forecasting performances only within the
academic world.



Recently we have finished some work for the Peace
Corps in which we were trying to identify those with
talents and characteristics that are needed overseas in
the Peace Corps, new talents like sensing problems,
resourcefulness, iritiating action, innovativeness, and
creativity. We have been studying what characteristics
are needed to be top performing physicians and nurses,
too, so we are not studying low level and applied fields
after one leaves a so-called high-level academic world.
but instead we are focusing vpon very high level fields
and professional performances and accomplishments.

With AFOSR support we have done several studies
on communication abilities and creative abilities just
published as a GPO monograph (Taylor, Ghiselin, and
Yagi, 1967). In these studies of ;ommunication abil-
ities necded in large organizations we found several
high-level talents, such as revision abilities and talking
abilities, to be needed in several important supervisory

and executive activities; we also found that many of
these important communication talents are often being
ignored in usual educational programs. Suck programs
tend to emphasize reading end writing much more than
revision or oral communication, including talking and
listening abilities, Even though students do take Eng-
lish and language arts courses from 12 tn 16 years in
school, we have evidence that the kind of communica-
tion abilities which are important in the world of work
are not ones in which they get much training. Revision
abilities is our best single example of a high-level
talent in the total complex set of communication abili-
ties which is generally neglected in educational
programs,

As shown in figure 1, our theory for education entails
a muliiple-talent approach. We are learning how to
develop creative and other new talents in classrooms.
We have strong evidence from many demonstration
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studies that two things are happening simultaneously
in the students. One is that they are acquiring subject
matter and the other is they are using some internal
processes to deal with and acquire that subject matter.
There are many different internal processes that stu-
dents could use while they are acquiring subject matter
and these different processes could be and are right-
fully celled different talents. So students can acquire
subject matter by the academic talents (sometimes
facetiously called the tape recorder talents) or they can
acquire subject matter by creative talents or they can
acquire knowledge by decisionmaking talents or by
their planning talents or by their forecasting talents,

and so forth.

Some early evidence even suggests that '{ students

are given opportunities to practice these talents or
processes, these talent processes are likely to show more
transfer of training and be more valuable in later life
than will the sheer knowledge that they acquired,
partly because of the exploding and changing nature of
man’s knowledge. We suspect that schools have focused
almost so highly on knowledge acquisition that much
of the meaning of knowledge has been loat to students;
too often we teach them the dead corpse of knowledge
after all the “life”” is out of it. We now have some fairly
strong hints that if we focus more cn talent develop-
ment in students than we do in knowledge acquisition,
then interestingly enough, the students acquire more
knowledge as a by-preduct than when we have them
focus so highly and directly on its acquisition.

The X’s in the first column in figure 1 shows that
generally students have developed primarily their
academic talents and have stayed within this narrow
band of talents while they are acquiring subject matter.
As a breakaway we are doing all we can to learn how
to add another column of X’s by having them develop
their creative talents while they are acquiring subject
matter. We have made similar progress with com-
munication talents. We are now starting to get ready
so we can give students experience in developing their
planning talents, their forecasting talents, and their
judgmental or evaluative (decisionmaking) talents, as
referred to earlier.

! the classroom demonstrations are

All research an
leading to the conclusion that  hat is needed in educa-
tion is not just more of the same, but instead to trv 1o
develop creative and plannirg and other taients. One of
our demonstration studies by Hutchinson is quite de-
vastating to some educators. He had two comparison
groups. One was the typiral classroom where students
are thought of as learners. The second type of class.

room which was found to be quite a different type with
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different people bring the star students; it was one
where students are thought of as thinkers rather than
merely learners, or absorbers. So, we are ready for
another type where the students are to be thought of
as planners, and still another where they are to be
forecasters. Those gifted in the learners classroom are
not those who are gifted in the thinkers classroom and
they in turn are not those who will be gifted in the
planners classroom or in the forecasters classroom. So
much for my introduction to the matter of talent identi-
fication and c:ltivation in education. Let us now move
toward the world of work.

As a consultant with the Stanford Research Inatitute
I have had many challenges in dealing with several
groups of vice presidents in charge of planning. This
has been a delightful experience. After working with
people of all ages, I must honestly say that I have
rarely run into a group of people more hungry for
information and insight. who are more searching for
capabilities and techniques on how to do things. than
this group of vice presidents in charge of planning.

Let m= explain with a brief story which will illurai-
nate, through perhaps exaggerate their predicament. It
goes like this: Whenever a person holds jealcusly unto
himself any activity as his own sole prerogative, all
others around him will be deprived of experiencing
whatever that activitv is. In other words. whatever
talerts are called for in those activities will tend to
remain dormant in other persons who are deprived of
participating in those activities,

When a person is born into this world, he has poten-
tial planning talents that could b.come active and he
used. But he soon finds that a< an infant and as a child.
he does not get too much of a chance in his own home
to do much planning hecause someone else considers
planning to be their function and duty and holds this
planning function jealously unto themselves. But he
soon grows up and finally he gets a chance to ieave his
home during the day and go to school. When he gets
in school, he may think, “New 1 will be able to use my
planning talents and thev will become active instead of
dormant talents” But he soon discovers that someone
rlse does all the planning around there. In fact the
evidence is that he is probablv working under ex
tremely elose supervision in school and is highly domi-
nated by the teacher. In ahout 80 pereent or so of the
time, the teacher is talking or ctherwise dominating the
class. So apparently he doesnt get oo much of a
chance to do anyv planning there.

After he finishes school, he gets a job and hires in at
the Lottom of the ladder and thinks, "Now Tl get a

chanee to do some planning.” But <uddenly he discovers
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that someone else does all the planning there. (One of
the audience suggested the next possibility to me.) So
the person decides to get married and does so, but he
soon discovers that someone else does the planning
there, too. (Incidentally, it has been said that two
people get married and they become one. The problems
start when they try to decide which one.)

If he is a good worker, he eventually is promoted to
be a first-level supervisor. Now he feels he is going to
do the planning, except he soon finds that the first-level
supervisor doesn’t do the planning. It is apparently
done higher in the company. So he continues to be a
good worker without doing any planning and he again
is promoted upwards. After 30 or 40 or more years of
his life in programs where he is deprived of all experi-
ences in planning and by having done so well in non-
planning activities, he suddenly is rewarded by being
appointed vice president in charge of planning. And
believe me, he and others like him are hungry for
information and skills in planning.

In our educational chart (fig. II-1) let me give you
an example of how we might fill out one of those X’s for
planning talents in students while they are acquiring
subject matter. I will deal with a known rather than
unknown area of subject matter, since teachers, by and
large, are not yet prepared to deal in areas either at the
fringe of knowledge or out beyond where no one yet
knows the answer. One possibility is to give students a
map of the physical and biological resources of our
Nation withou: any markings about the population
distribution. Show them where the mountains, forests,
rivers, the fertile ground, and all the natural resources
are. Then ask them to plan a nation, saying: “Where
would the people start cities and where would they be
doing different kinds of things.” Let the students plan
where the people would be and what kind of activities
would occur in which places in the nation. The teacher
would keep secret from them where these things have
already occurred. After they map out the whole thing,
chances are that they will be eager to check up to see
to what degree the nation had really developed accord-
ing to their plan. We suspect that they will be much
more interested in acquiring this information than they
would be if we had just dished out all the answers to
them as is often customary, on a silver pletter to learn
(memorize). Then, after you did that, you could lead
them into the unknowns which will emerge from popu-
lation explosions by having them make long-range
forecasts through these instructions: Now, where is the
rest of the expanding population going to go? What
are we going to do now in light of man’s latest knowl-
edge—in terms of what he can now do in the way of

utilization of resources and new means of production of
energy and so on? Where will the populations of the
future be located and distributed?

This gives you an example of how they could both
plan and check up on their plans from the past and in
the second case, how they could map out a long-range
forecast or plan for the future. We could also check and
see if any of their future plans were any better than
the plan of the moment of our exper:s. Maybe they can
think more freely. There is some evidence that when
students get into school, they learn how not to be
inquiring as they go further through school. Maybe
the earlier that we get them started, the better they can
use their natural planning and forecasting talents
without built-in restrictions from their negative life
experiences and training. No doubt, all of you could
suggest many more planning tasks that could be used
in testing and training the planning and the fore-
casting talents of students. We should soon need such
suggestions.

As we look at these multiple types of talent, there is
a possibility that the really top persons, the “true
experts,” are those who have a high profile not only in
planning talents, but also in one or more of these other
pertinent talent areas, too, such as creativity (including
flexibility) ‘and communicating and decision making,
and in effective integration of these various types of
talent activities. So particular talent combinations
could produce a very interesting approach for studying
the selection of experts.

I think we should realize that whether we have used
good experts or poor experts, in any event we do have
a plan and this plan can and usually does shape the
future to some large or small extent. It does affect
people and most of them tend to work within the plan,
not outside the plan, and the plan is imposed almost
as a restriction upon them, So the future is partly
shaped by a plan, whether the plan was produced by
people with a high degree of planning talent or not.

In the same vein, I am told that the President of the
United States can always guarantee that he can get
advice. What he cannot guarantee is that he can get
wise advice. So you see some of the talents that the
psychologists of the past have ignored and postponed
for the future have been some of these other high-level
talents, like exist in the wise men or in those that have
great foresight and vision and prophecy ability and
judgmental ability, creative ability, and so on. We are
starting to move more vigorously into plowing these
fertile talent areas that were largely ignored until a
decade ago.

Man has a tendency to narrow a problem down so he
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can cope with it, so some people often work in a very
narrow frame. Certain persons may have fewer ideas
and can only juggle fewer ideas and less information
and less variables in their minds at one time. This is
one of the potential bases for differences in people’s
creativity and it may be true about differences in
ability to plan and also to make iong-range forecasts.
If a person deals with fewer variables at one time, his
resulting plan or forecast may be equally restricted by
his lack of dealing with all pertinent variables. Maybe
those who are best are those who can juggle and
manipulate many more variables at one time, and
eventually work with them all at once and then sud-
denly pull them together into a plan or a forecast.

One incident in the history of the behavioral sciences
in this Nation should be recalled in which they made
some forecasts. After the forecasts, they got together
and took stock nationally and professionally about this
business of forecasting. This was the time when the
newspapers erroneously printed that Thomas Dewey
had been elected President of the United States. One
bit of advice that the forecasters from the behavioral
science gave themselves was that it would be quite
possible to retreat into only these areas of forecasting
where there is no severe checkup on their work and
where they still would be able to make a good living.
Or they could carefully avoid making anything but the
longest range forecasts which would be so far ahead
that they would be safe since few of their generation
would still be around alive to check up on them. In-
stead, they argued to stay in the election and other
tough forecasting arenas where they would continue to
encounter severe checkups on their forecasts.

A great deal of our research effort is spent on the
criterion problem of measuring the total complexity of
career performances and accomplishments of profes-
sional and other people. For example, we obtained 50
measures of what research -enter scientists had con-
tribited in their career. We have 80 measures of what
physicians accomplish in their career and we are tald
we didn’t cover enough, so we have a new project to
move further into measuring their performances and
achievements. We have a somewhat different set of 80
measures to date for medical faculty than we do for
specialists in medicine, and also a particular set of 80
speciaily for general practitioners. Thus, we are strug-
gling with a great complexity of human performances
and human characteristics in anv given profession.

Another result that we always find when we study
human heings is that there are always individual differ-
ences and often they can be great differences. So 1 am
persuaded that we will find great complegities in the
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performances plus .arge individual differences in the
various planning and forecasting activities. I felt that
Dr. Dalkey presented some evidence on this point of
great individual diiferences. In a lot of his group
studies, it might be quite possible to tease out studies
of individuals as well as of groups. Perhaps ways
should be found for some of my research staff to team
up with Dr. Dalkey’s group so that findings on
individual differencer can also be extracted from his
group studies.

Another feature in which we are interested is what
would he called variability within a person from one
time to another. This variability is in contrast to what
we are most often seeking, namely consistency and
relinbility within a person. In some cases, variability
within a person might alternately be described as flexi-
bility instead of ‘nconsistency or unreliability within a
person {rom one time to another time. Some of Thur-
stone’s last projects before his death dealt with psycho-
physical mecsures of what might prove to be important
temperamental traits such as flexibility in individuals.
I noted in listening to Dalkey’s comments that we have
a lot of psychophysical techniques which could be
applied to the kinds of things that are now occurring
in his on-going planning and forecasting activities.

When groups of prople are making judgments and
we see that they differ individualiy, one of the things
we might ask is Should we weigh their opinions equally
or should we give them some differential weight? Some
might facetiously say, “One way we can give them
differential weight is to give greater weight to those
who had higher school grades or who have higher
1Q scores.” But, as the previous speaker indicated, it
is amazing how their talents in one area are not par-
ticularly related to their talents and performances in
another, This is our finding, too. Good things go to-
gether slightly, and not by any means synonymously.
This is indicated by a little bit of overlap between
circles sketched to measure talents, with only 10 percent
overlap between two talent circles —and you know 10 or
less percent is not much overlap. With good things
going together only slightly, we must avoid or he very
cautious about weighting according to what may be an
almost irrelevant characteristic. For example, we
should try to avoeid letting the greatest weight he given
to the person who talks the most on the topic in the
group. Just the fact that he talks the most does not
mean ke is the best planner or the best forecaster or
the hest judge or the one with the most creative ideas
or with the highest quality of creativeness of ideas.

I honestly have the impression that there are very,

very few psychologists who are workiag in these im-
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portant live world-of-work planning and forecasting
situations. Many others would defend themselves by
saying such things as, “You are playing with prob-
lems that are too applied or too uncontrolled,” and so
on. We almost walked alone when we initially started
to study the world-of-work performances of scientists,
of physicians, of medical faculty, and of nurses. Almost
everyone told us that it couldn’t be done, but we tried
anyway. One of the deficiencies of our profession is
this overstrong tendency to continue to work only back
in the old areas and not being very willing or able to
move into new untouched areas. The notion that the
field is ready to be plowed is a good notion. There are
lots of old fields now being plowed, but some of the
potentially most fertilc ones are oftimes the ones that
are not being touched at all.

We do have, 1 think, a lot of techniques that might
be effective in helping us delve into these new fields.
1 sense in all of Dalkey’s cases, that we could obtain
multiple scores on the performances of each of these
people on an individual basis. Most of the few tests in
the field of planning so far are largely restricted to
paper-and-pencil (schoollike) tests. From our research
experiences with situational and other tests, we could
also set up situations of various kinds of planning
activities from which we could obtain multiple scores
as an effective means to analyze the behaviors. of ex-
perts in practice. In our recent study of Peace Corps
abilities we built some live situational tests and found
they called for a lot of abilities (or talents) that paper-
and-pencil tests could not or at least did not get at.
These abilities tend to be the live complex, world-of-
work situations and activities because they do not
overlap much with the academic world where most of
the psychological research work on talents has been
done so far.

In our work on scientists, self-ratings on creativity
were very good, compared to other scores, and we could
get them almost instantaneously. Our hunch from this
is that self-ratings are very promising, but with one
most important condition: people have to be given
many opportunities to experience their talents on which
we eventually want their self ratings. For example, if
the students who started in my hypothetical nursery
school were to practice their planning talents and to
continue such practicing throughout their school and
work careers, by the time they got to where they were
contenders for vice presidents in charge of planning or
vice presidents in any other kind of activity, these
people would be able to give you quite valid self-ratings
on their planning talents,

I also sensed, in Dalkey’s studies, that irrelevancy

and noise in the discussions were coming out from the
participants. 1 would bet on tremendous individual
differences in how much people contribute to the
irrelevancy and noise because some have a strong
screening process before they speak, while others are
almost nonstop talkers and at times have no barriers
on what flows out. (There are even suspicions that some
people talk maybe even faster than they think, although
the reverse is most usual) To the degree that this
irrelevancy is going on, the ability to select relevant
from irrelevant might be one of the important things
in the group planning activity and therefore one of the
things in the profile of the high-level talented people
upon which we should focus.

Rethinking is also interesting when it occurs because
revision ability in our communication studies was the
best single device we found for predicting performance
in world-of-work communication situations. You can
nearly always rework your communications because
they are usually somewhat ambiguous the first time. If
you don't believe it, start expressing yourself by writ-
ing a long program to a computer and see if you can
ever get it completely clear the first time without
needing any debugging. So this rethinking is one
instance in which we are asking for variability within
a person. Variability is likewise needed in flexibilities,
including the ability to get new information and adjust
oneself and have a change in reactions and plans and
forecasts in light of the new information. Just plain
scrambling is another form of variability in perform-
ance that may appear to be unplanned and disorgan-
ized, but as in the case of quarterbacks it can at times
eventually prove to be quite effective.

A potential complication is that some pecple have
pretty well convinced themselves that they don’t want
to play the revision or rethinking approach because
when they take a test their first overall impression is
often better than their rethinking impression. When
they change their answers, they say they run into
trouble. We should recognize this possibility, too, in
planning and forecasting. If a person already had a
first overall impression before he got into the group
discussions, sometimes his initial impression had more
validity than one he might change to after he looked
in detail at all the relevancies and irrelevancies and
then mixed them all up together as the basis for his
change.

Pressures in a group may be worth studying to see
who produges the group pressures, who gives in to the
group pressures, and how these pressures are related
to the final actions of the group. I do not know what
would happen in the area of planning but in the area
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of creativity, the people who do not give into the group
pressures, and who are willing to tell the truth and
report it as they see it, independently if necessary of
the pressures, are the most creative. So I suspect that
two or three creatives in the group might move farther
away and diverge from the consensus rather than con-
verge when group pressures emerge. I am wondering
whether maybe some of our most expert planners, those
highly gifted in planning, might also show some of
these rugged individualistic tendencies when working
with groups in the area of their own greatest talent. I
doubt if anyone knows; it would be interesting to find
out.

In our communication ability studies, we felt that
much of group activity could be accounted for on an
individual basis—not all but much and probably the
majority of the group phenomena. If we knew each
person’s individual profile of communication talents,
we felt we could account for a lot of what would happen
when groups of such people got together because of
the individual characteristics of each in terms of their
communication talents. I would suspect that we might
also find some of that in the area of planning: That
much of the group behavior could be accounted for if
we knew each individual’s profile of the planning and
other relevant or irrelevant talents elicited in the
groups. Then there would be some other distinctly
group factors above and beyond the individual (non-
group) ones that would remain to be explained, but 1
suspect these remaining aspects would usually entail
only a minor part of the total phenomenon. '

Since all of you are pioneering this new area, may I
comment about problems you may encounter based
upon experiences I have had in trying to help pioneer
in the field of creativity. One idea came to me when 1
was working in the National Research Council, whose
full-time business is research counciling. T sensed that
there was an in-group for each specific science area
who wielded an influence as well as some control on
the progress in their area. I wondered what the chances
were of a new person ever getting invited into the
in-group council meeting and if he did get invited, what
chance would he have to contribute to the short report
of their meeting that went to the outer circle. Further-
more, if he were invited but proved to be a young up-
start who made some comment that didn’t fit the ideas
of the leaders, those who currently owned the field, so
to speak, what chance would he have of getting in his
idea and having it received by the iuner circle and also
included in the writeup sent to the outer circle. On these
points I think you have some protections in this serizs
of two conferences: First, you are rotating members
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and speakers to some degree; secondly, you are record-
ing the discussions, so that they are published instead
of screened out by the inner circle; and, thirdly, you
are using cross fields persons, such as those present,
who will provide a further protection against the type
of errors and distortions described above. At least, this
has been my experience.

In turning to the planning processes within a person,
including the input processes, the central processes, and
the output processes, the cycle can be repeated in terms
of checking up on your plans and your forecasts and
revising them. In other words, you can repeat the input,
central, and output processes in doing planning work.
I suspect that the input can be mighty important. The
input could include the whole past life history and ex-
periences of a person and all the immediate things that
are coming in that do or could bear on what he is now
doing. I suspect this total input, both past and present,
might be much more important than we have given it
credit for. The total reservoir of inner resources of a
person would, at least potentially, be available to draw
upon if a person knew how to do so and had the central
processes working well to use his large inner library of
resources. The central processes, I suspect, can be very
complex and the studies that have been done on plan-
nirg irdicate that the more complex the planning ac-
tivities, the more complex the set of talents that are
needed to work in the activity. Since some of our tests
are very simplified tests, we would have to use a collec-
tion of these tests to get at all aspects of tliese central
processes. The output (expressional) processes, too,
can be full of interesting problems in each area of
human activity, including planning and forecasting.

Let us examine, for a moment, the input processes
together with the flexibility of the person engaged in
planning. Can a person continue to listen and receive
new information as well as he could when he first
started to plan after he has progressed some distance
toward making a plan or even after he has crystallized
a plan?

When a person and /or a group has completed a plan,
to what degrec have they fully and appropriately used
the available inputs. Are the facts, ideas, suggestions,
and even something sc far out as suggested plans of
others fully listened to and utilized? One of the human
tendencies, I fear, is that whenever someone comes up
and makes a suggestion to a person in a crucial posie
tion in the organization who is responsible for plan-
ning, that person in the status position may make a
human reaction such as: “That's my business, not
yours, to make the plan. It's none of your business.”

1t the suggester goes too far by using his own talents to
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form his suggestions into a suggested plan and com-
municates only his suggested plan, the official planner,
of course, may feel threatened or even feel the sug-
gester is trying to sharpshoot him out of his position.
So this kind of complexity can occur in the input
processes.

Apparently one of the most difficult things for any
supervisor to listen to—and it is hard for a supervisor
to listen—is to listen to a subordinate, especially if this
subordinate has a highly creative new idea. Now, maybe
it is equally difficult for a supervisor to listen to an
extremely high quality plan from below. Maybe one of
the problems is that some of the best ideas, best infor-
mation, best suggestions, and maybe the best plans may
occur in the organization but in the wrong minds in the
organization—in the wrong places in the organization
chart, perhaps at the grassroots. How to get the sug-
gested information, ideas, and plans from there through
a set of human communicators to the right place in the
organization and have them be transmitted without
erroneous distortion and be accepted effectively at all
stages, including the last one where the responsibility
resides, will be found to be one of our major problems,
I believe, in this planning area.

Other questions are: Who is included in the plan and
what input is included in the plan? And who is ex-
cluded from the plan and what is excluded from the
plan? The organization may have a screening process
here in which it is screening out those with the higher
level planning talents or screening out or partially dis-
torting the better ideas and better facts. Thus, some of
the best potential information and talent resources in
the crganization may be organized out during the plan-
ning processes.

Let me illustrate these points in terms of our new
field called architectural psychology, in which the archi-
tects design environments and the psychologists, study
the reaction of people to these environments. As the
initial psychologist on this team, I have realized that a
lot of the activities of architects fall into the field of
designing and planning. Our architectural psycholo-
gists, including our graduate students, have made some
plans about hospitals and we have run into the above
problems. We go to multiple sources for information
that might be pertinent to the future plan. As we
worked in hospitals, we have found at times that it was
difficult to get much usable information from physi-
cians. Our work with psychiatrists uncovered that they
did not easily become very explicit in terms of the
architectural problems and secondly, they showed us
almost anything but agreement among themselves. The
further down in the organization that we went for infor-

mation, almost the better the information we were get-
ting from these usually least expected sources. Some of
our best information quite frequently came from the
lowest people in the hospital organization, from nurses’
aides and from maintenance people. They were the ones
who gave us considerable information, but we suspect
that some architects won't listen to these people or per-
heps really the architects do not get a chance to listen
to them. Usually they only work with their client and
their client is up at the top and perbaps the client does
not prove to be a good representative for all the other
persons in the organization and does not listen to them
or even realize he should listen to them so he can repre-
sent them well and make their contributions available
to the architect.

Some of these problems may stem from the fact that
architects often do not have a “live” client in their
training, but only their teacher. So their tendency,
when they get into practice, is to practice like they were
trained to do, except to do without their teacher. There-
fore, an occasional client may, at times, almost have to
fight his way into the architect’s creative and planning
processes to make his points (and I am exaggerating a
little again to make my point).

The planner also has the problem of understanding
the information he is getting, so there is a communica-
tion process here and also one of integrating it after he
gets all of it. In architecture again, one of the things
that comes out of the communication process is a set of
drawings or blueprints, which represent a plan. We
have just realized it is not only s plan—it is a com-
munication device, too, between a second and third
person in the chain. The architect produces this plan for
the sake of the third person in the chain, namely, the
production or construction people. After the client has
communicated in terms of words with the architect, a
problem arises if the client cannot understand the set of
drawings which are the plan. The architect has pro-
duced a visual plan for the production people. but the
client may often have a problem of comprehending the
complex spatial drawings.

To handle some of these communication problems in
design, a project on our campus is planning how to use
a computer in graphic outputs in architectural design.
The computer can potentially handle a lot of input in-
formation, too, and can double check things that are
happening so that it can do a lot of the structural engi-
neering and other technical work. Then the architect
will be free to spend a higher percentage of his time in
creative planning and designing and communicating at
all stages with the client. Potentially he can plan and
design a higher percentage of buildings and the man-
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made space that men will occupy in the future. Thus,
the computer can also be a communicalion device to
clarify the plan to the client and can give feedbeck to
the client, to include him in more throughout all stages
in the planning so he can ask for modifications where
necessarv before the plan comes out in its final form of
solid cement walls.

In terms of city planning, someone recently said that
“cities are people, and not just buildings.” Again this
means that someone in the past has not given enough
of their thoughts to the people, or has not thought
enough of the people, so something has been negiected
or overlooked in the planning as far as the people are
concerned. Yesterday one of my students said, “When
we plan for the heart of our cities, which might become
the slum and crime delinquency aress, we must con-
sider what the place will be iike at night and how many
dark alleys we have produced both inside and around
apartment buildings as well as outside in other places.”
This aspect of planning could have easily heen over-
locked in the past, ieading to plans which have actually
facilitated crimes.

There is a plan for cities of the future called the
Model Cities Plan. The designers have been very proud
and pleased with this plan, except that during the riots
last summer, a statement was made by some of the riot
leaders that they dismissed this plan as worthless. In
effect, they said that it was a white man’s plan instead
of a black man’s plan (even though the planners argue
that Negroes have had some representation). They
want to own thcir own communities, namely, much of
the heart of the cities. When these slum places are reno-
vated, they also want to be invelved in the renovation
process by beirg crucial parts oi the construction team,
and part of those who are making a profit, rather than
having a white man’s construction team come in and
largely exclude them from the work force. They ma,
also have the feeling that they have been included out
in the planning, in spite of the fact that they are the
ones who are going to be the tenants. People who move
into buildings as tenants are often probably not even
selected as tenants when the buildings were being
planned. So we have a real planning problem there.

Another kind of problem which is happening in the
city, is a grassroots movement, which can have a lot
of healthiness to it. The people in the slum area want to
renovate their nwn area for themselves Tistead of being
wiped out and having tu relocate eisewhere while some
new buildings go up and some other groups of people
mave into this newly kuilt area. One aspect is that the
city fathers who have been suceessful in handling ali

these previous community problems mayv now be plan

o)

ning what they are going to do next with the area. But
at the same time other plans are emerging at the grass-
roots level and the question arises: What is going to
happen to these two competing plans and are they ever
going to become synchronized together somehow to
become only one plan?

In our work for the Peace Corps, we have tried to
learn how to select Peace Corps volunteers who, when
they will go overseas, will not be the highly talented
and display their great talents oversess to become the
great performers themselves. Instead we wanted to se-
lect and train them to be subtle catalysts so that the
host country people develop their own talents and
thereby become the great performers. We wanted our
Peace Corps volunteers to spark the people overseas to
become creative themselves, to learn how to sense prob-
lems, how to create plans themselves, and to follow
through and implement those plans. This may be an
interesting challenge in city planning and broad plan-
ning of the future: how can we go in and be the spark-
plugs to help tke other people make their own plars
instead of doing it ourselves and then imposing the
plans on them?

In the magazine industry, the cardinal sin is to follow

. the plan right out the window. I heard this when 1 was

on a 14th floor where it had real meaning to me. So
sometimes there has to be soma continuous checkup
with potential revisions in the plan. In research there
are times when it is wise to have a good tight research
plan and other times when i: is not wise to be so locked
in. Sometimes in power struggles a way that some
neople get control over other people is to build a plan
with the ulterior motive of controt and then try to hold
the other people to it. But the others may not want to
slavishly frllow their plan.

The issue in question is the tentativeness in planniag
and the capability of people te be tentative in their
planning ot in their following of a plan. This may be
highly important for leaders to be capable of producing
only a tentative plan and really function so it is a
tentative instead of a firmlv ecrvstalized plan. Quite
obviously, anv needed revision that may arise is more
likelv to be welcomed if the plan is widely considered
to be tentsiive, Tn contrast, it re.y be a very diflicult
thing to unerystallize a plan that is highlv crystallized.

Recent resea h on human talents mentions divergent
and convergent talents. The divergent tvpe involves
various boiling up and expanding processes whereas
converzent talent entails hoiling down and reduction
processes, focusing and zeroing in and converging
toward a solution. A strong argurent can be made that

the best planning may be divrrzent rather than conver-
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gent. Or maybe the best planning alternates as follows:
converges, diverges, converges, diverges, converges, di-
verges. The need is to find persons whe are flexible in
their planning, who can alternately converge and di-
verge, and open up for further information by unerys-
tallizing the plan to some degree and then converge
again. In this way, the planners are always alert and
can modify the plan, and thus have some degree ~f
tentativeness, but will also have a plan ready that they
can follow, if necessary, at any given time,

Human beings are often not very good at this kind of
flexibility. I used this technique on persons in an or-
ganization that was highly crystallized in its plans, as
the best approach to use to deal with them. T would say,
“OK, we have completed a plan tcday that we can use
and can have ready for use, but now let’s reopen it and
rethink it again.” It was difficult for these people, the
powers that be, to allow us to do this. Yet i: was the
best chance I had to get in other information that had
not yet been includ+d in their planning. After we did
this several times, opened it and then ecrystallized it
again and again, we then put on the show. But we

changed our plan only 30 minutes before we started. Tt
just about scared the wits out of those in power because -
. they said that we still hadn’t figured out two or three

more details of the plan, They asked how did we dare
to.open it up and change it at this late stage when we
hadn’t even quite finished making the plan. But we
never did give the participants an agenda; they never
asked for one; and we were keyed up creating the new
plan as the show kept rolling. We didn’t schedule our
coffebreaks or anything else but let them happen when
it was timely to do so, we just kept everything rolling
and the people enjoyed it very much. Admittedly, a
couple of people who were helping us run it were under
some strain; they came up to us, quite upset, because
we weren't following specific enough plans. Later one
friendly critic said, “Gee, you look so.unplanned and
relaxed. Tell us how long did you have to plan to get
that way?”

Let me go a little into the problems of selection. As
indicated earlier, we would probably use a biographical
inventory as our best single basis for selecting those
high on either planning or long-range forecasting. By
learning to read appropriate parts of the life program
of a person, we already know how to forecast the future
creativity of a person. If in the past a person has largely
kept his creating processes dormant and has not used
them, then he is not a good prospect next year to be a
creative person, whereas another person who has had
his creative processes working and has been in climates
and situational experiences where year after year these

processes are functioning, then we can forecast that
during the next 5 years he is going to be a good pras-
pect to be creative. We should likewise work very hard
to build an inventory for measuring planning talents
(and another one for forecasting talents) along this
same kind of line. First, we would generate a thousand
multiple choice items and try to find 150 of the best
ones that we could find that display a life history lead-
ing to a high degree of effective planning talents. We
could also select among those experienced in planning
to try to get some measure of the batting average of
those experienced in each of these activities. Then we
would find the biographical items that select the better
planners from the rest and then repeat the procedure

‘to find the better forecasters from the rest.

Let me point out some highlights in the work of
Guilford and his staff (1964-65)- at the University of
Southern California in ‘a study of planning abilities.
They did a first general study of basic planning talents,
so let me give you some titles of the sets of character-
istics they were studying. One was orientation, includ-
ing sensitivity to order, discovery of conceptual rela-
tions, and recognition of variables. A second was elab-
oration including specifying details, producing ideas
and alternate methods, and symbolizing ideas. The
third was ordering, erranging, and integrating includ-
ing both temporal and hierarchial ordering. The fourth
was originality and ingenuity in new methods and ap-
plications and adaptive flexibility. The fifth included
an ability to put all this together into a prediction
where you have to use such talents as visualizing things
you can’t actually see, or having foresight through
ideas and through things you can perceive; and extra-
polating from the knowns to the knowns, And finally,
things like judging and evaluating (a high degree of
which would be wisdom), including seeing shortcom-
ings in plans, and judging the importance of variables.
In summary, there are a lot of talents and processes
and activities in planning, as best understood so far,
and the beginnings of measurement exist in these above
areas. ]

One consulting group is working vigorously in the
field of planning. They feel that if they would put to-
gether everything now known about planning, it would
make a major book. Through such a book they feel
they could get planning training into all management
departments in schools of business across the Nation in
about 3 years elapsed time. But is someone doesn’t ac-
tively take such steps, they feel it will take about 30
years to get what is now known into the system because
of the slowness of the bridging process now going on.

We have an organization with a group of students and
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former students who are ready not only to work in
creativity and to handle the snowballing of activity
there, but also to move into these other areas of high
level talents as they really occur in the world of work.

respond properly to creative individuals and to the
creative processes and creative ideas from within
themselves; and (3) when they should become flexible
and adjust themselves away from their old plans toward

Let us think briefly about the combination 6f plan- ~— new plans-and in-directions indicated by brilliant new

ning, creativity, and flexibility in planning. I have indi-

cated certain problems of communication which I think
are very important: The ability to listen to new infor-
mation and new ideas from others, and also to listen
to yourself, to find value and use for that which you
already have within yourself, so it is not only listening
and receiving from outside but also receiving from
inside. Some of the great creative people are the ones
who so fully use the stuff, the inner resources already
within themselves. Perhaps the same thing is true of
great planners and of great forecasters. They must
know how to use their own full background of experi-
ence as well as the immediate surrounding information
that is available to them.

Let me tell you a sad finding in creativity, which may

also be true in planning. If you try in turn to stand in
the shoes of the two types of people who are involved,
the person with the idea and the other persor, often
with the higher status, you may get a better feel of the
phenomenon. The finding goes like this: the more
highly creative an idea a person has at any time in his
life, the more likely he is to be in trouble. Both he and
his creative idea will probably be in trouble with other
people and with the system or establishment and its
features.

A new creative idea is likely to run into an old plan
and usually someone else’s plan who probably is higher
in the organization. Likewise, a new idea will run into
an old system built by someone else who usually is in
greater power than the suggester of the new idea.

Maybe along the same vein, the more unexpected
though high-quality plan a person has at any time in
his life (if he isn't sitting as vice president in charge of
planning) and the more unexpected it is and the less it
resembles the present schenie of things, and the more
likely he and his plan are'to be in trouble with other
people and with the established organization. The peo-
ple and the system will not separate him from his plan
but will tend to clobber them both together.

Results and observations like the above ones strongly
suggest that organizations are often at their best on
matters that are quite routine and of minor importance.
In sharp contrast, however, organizations are often s*
their absolute worst on matters of highest importance,
such as (1) when a quick-reaction capability is sorely
needed in responding to unexpected but marvelous
opportunities; (2) when the organizations are asked to
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ideas.

I have given you a little feel of flexibility in planning.
Some organizations have had an opportunity knock on
the door and theéir individuals could hear that oppor-
tunity and knew it was there, but the organization as a
whole officially would not listen because, for example,
they were already planned and programed for the next
2 years, Instead, they could start thinking about putting
that opportunity in the program 3 or 4 years from now,
but they could not think of adjusting the present pro-
gram right now in terms of that opportunity. They had
what I call a slow reaction capability of at least 2 or 3
years lag time. I am sure some of you have encountered
organizations that say, “Let the present plan run its
course before we consider new ideas.”

There is at least one instance when for 450 years an
organization had shown an incapability of listening
before it finally became capable of listening—but that
lag time is better than infinity. Those currently in the
organization would not live long enough to see their
ideas or plans accepted with a 450-year lag time for the
organization to listen to what might be valuable for it.
You will find individual differences in persons and in
organizations on listening ability and readiness and
receptiveness to new ideas. Two of the slogans you may
have heard are: “Don’t confuse me with further infor-
mation. My plan is already made up.” The other one is,
“If you don’t understand it, oppose it.” The new infor-
mation or new ideas may be difficult to understand
because of fixed ideas about the old plans and they may
mean & new plan or replanning weuld be required
which might be resisted as not being worth the trouble.

We have wondered how to get versatility and flexi-
bility and a variety of plans and quick-reaction capa-
bility into organizations so that instead of having only
one plan, the organization may have multiple plans, In
the military, the cavdinal sin is to have one and only
one plan, without an alternate plan. How can you de-
velop flexible plans so that they will still work in terms
of the whole organization? This iz a very challenging
problem. |

And how do organizations deal with new ideas and
new plans that emerge from below in terms of uncrys-
tallizing plans or of having flexible or tentative plans?
How can one get those in positions of control to be
more flexible concerning plans? They may all need a
high-level profile across talents, but we often have to
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werk with the people who are now in the positions, no
matter what their profile of talents looks like.

Let me give an example, which is both seasonal and
appropriate. In professional football they really have
many, many plans for their entire organization (or
team) to follow. They have many, many plans and
every player is well versed in each and every one of
these plans and knows how to carry each one out fo
form a well-coordinated team. Instead of a single plan,
they have many, many plans, and they also have quar-
terbacks who have a sequence or strategy of plans,
They have a game plan which is a whole series or pat-
tern of plays, including things to carry out which are
supposed to open up the other team. Then the other
thing T Lke about the smooth functioning professional
football team is that they have quick reaction capa-
bility. They aren’t too tightly planned, though, and if
the lay is broken up, they still somehow scramble and
try to make a good play out of it. Also, when they are
in a huddle, the quarterback is open for input from
other players. If one of the players says, “1 see some-
thing unuzual,” they may even create a new play in the
huddle. And at the last moment when the quarterback
comes up to the line of scrimmage, he is still open for
input from the other team’s defensive arrangement.
And the quarterback can and does ofter change a play
at the line of scrimmage. So you see they are well
planned, but they also have great flexibility in their
planning so that they can try to avoid getting into
trouble. Those who don’t have this flexibility in either
offense or defense are vulneralile to being put into
trouble by a more flexible and creative though also well
organized and planned opponent.

This brings up the point that the more we can learn
how to release the creative potentials in people so that
there is more creativity in action, the more exciting and
unpredictable the future can be. Creativity when effec-
tively funtioning can change capabilities and feasibili-
ties. So creativity can thereby upset the long-range

forecasts and may also cel! for a change in the plans,

if only to keep in adjustment with the creative strides.

I wouid like to close with a somewhat subtle story,
which I hope you will enjoy. A young f{ellow had done
well in the acacdemic world in miteorology and felt he
had a promising future in weather forecasting. So he
got his first assignment in a place like New Mexico
where one can nearly always forecast that the sun is
going to shine. He did quite well in his first job and
was really very happy in his work and was moving
along successfully. The Weather Bureau also liked his
work, so when they had an opening in New Lngland,
they decided to select him to fill that spot. They believed
that if they could get the right man in the right place,
their problems would be largely over—but if they got
the wrong man in the right place, their problems would
just begin. So they selected him and sent him to New
England. When he got up there, he found that he had
a different world in which to work. The weather was
much more complex and changeable and unpredictable,
so that “if you didn’t like the weather, you should just
wait a minute.” He worked hard in this new setting and
made his forecasts, but after a while he didn’t have
anywhere near the batting average he had previously
had in this New Mexico sunshine State.

He strugpled with this problem and tried to perfect
his techniques, but could only improve them a very
slight amount under this new and difficult, many-vari-
abled situation. Aftzr a while, some of his neighbors
star'ed kidding him and other people stopped him on
the street and would tease him, and then the newspaper
picked it up and starced making alternate forecasts from
someone’s bunion, and so on. Gradually, all of this
started to trouble him greatly. Finally, he wasn’t thick
skinned enough to handle it all, so it started to really
get to him. He wrote to the Weather Bureau in Wash-
ington, D:C,, and said, “I would like to transfer else-
where.” The Weather Bureau, after having felt that they
had the right man in the right place and could stop
worrying for a long time, were caught by surprise.
They immediately seut a telegram to him stating, “We
don’t understand. Please explain.” He replied with the
simple answer that “The weather doesn’t agree with
me.”

*
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Mr. CetroN. There is an old saying, “in the country
of the blind, the one-eyed man is king.” I don’t really
believe it. I think they’ll poke his eye out. This is a
problem with any man who is ahead of his time, espe-
cially in lsrge organizations. If we take one of these
creative people, that we trained from kindergarten, he’ll
get to the manager, who will say “Fine,” pat him on the
head and forget it. We try to fo e everybody into the
same mold and it’s particularly true in the military.

Dr. TaYLOR. I recall a statement which says, “Divide.

and conquer.” As long as we keep our research going,
where we Jeal with one position at & time, we can get:

cooperation. If we have to deal with the whole organi-
zation, we will have preblems. You might call it in-
formal versos foymal organizations, and we are trying
to work through the informal. This is very central in
my thinking. Our next book is “Climate for Creativity,”
snd my chapter is: “Can organizaticas be creative,
too?” If individuals in organizations can, can organi-
zations as a whole? There is 2 whole series of charac-
teristics you seek in organizations. Can we get organi-
zations functioning at this high level? That’s what I'm
talking about: The whole team having quick reaction

capahility, being able to adjust as a team to the latest -

information. In the competitive game of pro football,
we have reached that and in the competitive game of
organization, it must be functioning this way. One
organization with which I met said, “The things we are
doirg this year, we were not doing last year.” So they
changed almost a hundred percent. Some organizations
.do have very fast reaciion capabilities in planning and
creating They are creating the world of the future. It is
others that aren't adjusting who will be on high and
dry land.

As far as the, “can’t doers” and “it’s impossible,”

our Peace Corps approach we built situational tests
where this could be a dodge and if a person took the
dodge out of the situational test, the sooner he flunked
out of the Peace Corps, as far as cur proposed testing
was concerned. So we've played this game. There are
many people sitting in key positions who know the
reason why it can’t be done and are making no contri-
bution except to kill things. Other people who have the
raputation as can-doers—no matter what you take to
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them—w:ll ﬁnd a way to help you. Like the mayor of
Fairbanks s(ud “We are a can-do community and we're
geing to find ways to plan and carry this out.”

Dr. LINSTOI@E‘ I agrec with Mr. Cetron only there’s
one thing yme mentioned, tentative planning. 1t is very
useful and I qlﬂnk it helps in a great number of situa-
tions. The Vth&)u ht of the planner is that he doesn’t
consider or p gose to the decisionmaker how to get
trom here to = in small steps. He goes there in one
step. This n}ea pi great risk on the part of the decision-
maker. It hel'pe very often, and I found more recep-
tivity, aghen: you %hdlcate not just a plan but also you
might say the! off plans, where, if you are wrong, he
hasn’t commtted himself too much. In other words,
there are additional points on the way. You don’t give
one single best way to get from here to there but a
good way, not as good as the best way, which permits
alternatives. This is nothing more than dynamic pro-
graming in which the decision is made on the informa-
tion available then. You will find he is much less
opposed and is willing to take this risk because he sees
he doesn’t have to commit himself for 15 years, and a
tremendous amount of money, which is obviously im-
portant. This tentative planning is very good.

Dr. TaYLor. I have two comments. First, I have been
working with a composer and he says, “A good com-
poser composes just the right amount; not too much,
not too little. Too little, he ddesi’t give enough of a
pattern and, too much he doesn’t give the person who
is going to carry out the plan a chance for his own
individual imagination to make it really and truly
artistic, to make a creative performance.”

The second, we had a dissertation in the field of
mathematics, in creativity. It's a fascinating one. The
person himself chose to be two different kind of teach-
ers: the typical kind of teacher in the morning, the
learners’ teacher and select story problems in the area
of work, In the afternoon, he was going to be a teacher
where the studexts were thinkers. What happened? In
the morning the students learned the typical way. The
teacher told them the solution to the problem, the one
and only way to get to the solution. There was one and
only one route and that was all they were supposed to
work—the teacher’s way, the textbook 'way, and so on.
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In the afternoon the teacher had to play a different role.
The students generated all the routes they could go to
Rome and learned each other’s routes and so on. In the
end what happened was: the students in the afternoon
didn’t work on nearly as many problems as the students
in the morning. But when tested on an exam guess who

could work the story problems better? The students in.

the afternoon, who enjoyed working story problems.
who had to listen and learn about these different solu-
tions, The teacher had to listen to the students to see if
their solutions were feasible and to think with them,
where before he had pulled out the textbook answer
and said, “Yours doesn’t fit this so it’s wrong,” where
it might have been an alternate route. When the stu-
dents were asked: where did we spend too much time
per problem, which group of students answered this?
The ones in the morning said they spent too much time
on a problem. The afterncon students actually spent
more time on a problem than the morning students but
did noi make this complaint because they enjoyed
studying the routes to Rome and were interested in
finding a solution more than the merning students. The
afternoon students didn’t care how they got the solu-
tion. just so they got one; where the morning students
were more interested in the routes to Rome than the
final sclution. We are products of this kind of training.
If we were trained in that afternoon class, we would all
probably have muitiple routes in mind, if we got this
far, maybe we could go over v another route and so on.
I think we’d have a much greater fiexibility in our-
selves if we would have been trained this way.

Dr. DALKEY. Let me elaborate, Where an individual
is most likely to have highly creative ideas, he is also
most likely to be in trouble. What kind of trouble were
you referring to and were you suggesting that being in
trouble is part of the environment that is favorable to
creativity or the reverse?

Dr. Tavror. In my latest writing, it says it is hard
for this poor guy to read the symbols—the signals
coming back to hira. Belag highly “clobbered” may be
the highest form of recognition some people can get.
There are about eight or 10 research studies that add
up to this picture and one says, if you get youngsters
together, quite small youngsters comparatively, and
have them think up new ideas in a group, and one is
starting to outstrip the others too far, the group will
tend to say——these are group pressures—we've got to
get organized; we aren’t organized. One of the kinds
of thing they will do, will say: we’ve got to write some
rules. When they write the rules, they don’t write them
to facilitate progress but to constrain people and the
one they are trying to constrain is this fellew who is

thinking too fast and far and, I think, unexpectedly for
them. Many times rules are written into organizations
by people who are more interested in controlling
progress, maybe trying to control creative people. The
first thing plan suggestors do is say, “We’ve goi to have
various members of the group,” so they try to organize
again and ge* a chairman, secretary and a recorder and
things of this type. Guess what they do with the fellow
who is outstripping them? Make him the recorder so
this takes care of him since he is busy writing their
ideas down it gets him out of the ball game. They’ve
organized him in, unless he writes a minority report
and doesn’t record it. The other tendency is if they
can’t organize him in, they organize him out, and use
group pressure which I hinted at earlier. The highly
creative people who want to be leaders also want to be
surrounded by a group. The whole world may iollow
them later when the world finally makes enough prog-
ress to get up that way, so, if you bring in a new idea
that barely inches ahead and no one has to do too
much to adjust to it, it is easily communicated because
there is just so much expected and it’s just a wee bit
new. But, if you are bringing a new idea that is highly
unexpected and is going to cause trouble and work,
many people in key positions won’t go that route. You
go to all this work because you have an idea and they
are in a lower status and these are the kind of prob-
lems one runs into. He is all alone, in the first place, he
and his idea, against the world. Whether he can get
other people to join this idea is one of the preblems
and it is sad but the higher the percentage of people
against you may be an indication of the degrec of
unexpectedness and potentially the degree of creative-
riess of new ideas.

Dr. Darkey. There is a big difference between
having a talent and employing it. I was wondering if
you had reflected at all on the long series of studies
which are gradually seeping into public view with
regard to the relationship between child order and
eminence? The studies, for example, demonstrated in
“Who’s Who™, the probability that the first child is
successful much higher than it is for total population,
and that this is a way of increasing the function of the
order of the childbirth pattern.

Dr. TayLor. Incidentally, my latest paper i. called
“Leadership toward Creative Organization and Func-
tioning.” It deals with trying to get a leader to function
so it is the creative function of a whole -organization.
We have done more biographical studies of scientists
and creative people by far, and have gone through the
computer about a hundred times on a hundred different
criteria of performance with 20 or more samples, 15 or
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more aamples. I don’t think we have found this as
strong as you indicate about order and eminence. One
of our problems is we cannot publish this or we spoil
the scoring key. We have people write themselves up in
the form of an application blank. Then we go back in
life history to see what kind of experiences lead to
being & creative person, but I don’t think we found it
as strong. In fact, I can say with confidence, no single
item by itself will give you very strong predictions. We
have to use 150 or more collectively to give a good
solid report.

Mr. Irwin. I was interested in the first point Dr.
Dalkey made—the question of whether the creative
person is beaten down by the group. All of Dr. Taylor’s
responses were very much predicated, it seems to me,
on our own society. What happens in American schools
today or yesterday or even 20 years ago, when a person
or a child showa creativity? I personally want to speak
vigorously against the idea that it is a good th g to
have this -reative person jumped out of the mass in
response to the pressure. This talent is so great that he
achieves his creativity anyway. It’s true; it happens.
But I want to refer, as my authority, to Eric Hoffer
whose ideas affect me a great deal and I offer it for
discussion: Hoffer’s thesis is that everybody is creative
and if you and society encourages the creativity, the
mass creativity that comes from this is enormously
greater and he cites the type of painting that came
from Florence, out of a very small numerical group of
people, who produced a tremendous amount. He cites
the Elizabethan period with their tremendous flowering
in poetry and music and I am very much opposed tc the
idea that it is good for creativity to make him jump
out as a group.

Dr. TayLor. You are saying that some people say
creativity will rear its head no matter what and will
fight its way through. This past summer we had Dr.
Toynbee on our campus, to give two lectures, We are
now in the process of getting out 19,000 copies of the
two lectures in creativity. He defined creativity as that
talent which when turned into activity in enough
people in society, will create history in any field of
human activity they are engaged in, and asks that more
Americans engage in tais because they are at present
neglecting its future history. He says creative talent is
the ultimate capital asset of mankind of any society and
it is a matter of life or death for any society. He said if
Araerica is to have a manifest interest to spark the en-
tire world, then we must use all the creative potential
that we have. All the studies of creativity indicate wide
individual differences in the amount of potential or
actual creative talent that we would have. It doesn’t
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say anyone is zero. Most of the contributions and
studies say the responsibility is on other people’s
shoulders, a whole flock of other people’s shoulders. So
if you can get the whole shoulders raised, you don’t
have as far a hike to go, to go higher. So our attempts
to get creativity in the classroom are consistent with
what you are saying. Some will rear their head no
matter what and others won’t. We want this to rise to
higher levels so we want other talents to go with it. In
American schools evidence shows there is a fourth
grade slump in thinking abilities but there isn’t a slump
in height and weight and so on. When this was tested
in other cultures, a slump was not indicated, however,
Americans go around the world and try to be of help
in other cultures. One place in Samoa, they tried to help
the fourth grade. What did the Americans help the
fourth grade to get? A slump in their thinking abilities.

Mr. Inwin. This is one proof of the point I was
making. 1 have a boy, 5, in kindergarten. Everybody
draws a picture and they are all enormously creative,
very original. There are no restrictions and all their
paintings are exciting. Then they run into the attitude
of society. He is just emerging and hardly knows he is
a person. As soon as he does then he finds there is this
restriction. It has got to be removed. There will be an
enormous increase.

Dr. TAYLOR. Again this is my point. Norman said
there is a strange thing in history, a fraction of society
becomes effective in terms of creativeness and rise to
help make that part of the world rise to a place in
history. The interesting thing is, in the course of his-
tory, that same society starts turning its back on the
very talents that had it rise to its place in history. They
even try to neutralize these talents when they start to
emerge. That’s the alkali on the acid when it starts to
sparkle, so he is saying this is what the natural tend-
ency of history is: Why some people have their names
in history—and you are saying that America is show-
ing too much of this and cannot reverse itself. We
have had our day in history.

Dr. Manz. 1 think I can reconcilc between the two
points if you modify your statement a little, by saying:
I know many great mathematicians and one in par-
ticular, Felix Linewall, has said, on ceveral occasions
that mathematics could be understandable and could
be an intellectual pleasure to everyone but it isn’, be-
cause so many teachers are failures. They do not have
the ability to bring this pleasure to the student. I realize
this in my own son. He hates mathematics and physics
and I cannot help it—he is appalled by it—because of
the miserable way mathematics and physics are taught
in high school. An even worse situation is facing us




today. There have been several articles written that the
present teaching of mathematics at universities indulges
in formalism, ugly emptiness, and therefore does not
really appeal to any creative mind. We have an interest-
ing phenomeon, many of our most intelligent people
turn their backs on science and go into other areas. I
do not mean to degrade, they are important, but we
do have a degradation of our scientific education.
Creativity—when you make the statement “everybody
has creativity,” this I would modify. I would say
creativity is something you either have or you do not
have. Therefore, I am not sure about that statement,
but if you say “talent,” I absolutely agree. Everybody
has talent unless he is a complete idiot and if it so
heppens that a student dislikes a certain field at school
or cniversity then it is the fault of the teacher. As I
said before, mathematics is something that has so much
beauty and intellectual appeal that it must appeal to
everybody and if it isn’t so, then something is wrong
with the system of education.

Dr. TayLoR. My previous statement was a search for
a creative climate. Every study we made indicates what
we have in the way of a climate for creativity is not
ideal. It is not anywhere near. Changes are necessary.
In our proposal of education, we will be developing
the talents of the various students as they go through
acquiring subject matters, we are trying to have these
students experience different talent processes while they
are working with the subject matter. They are using
this infiltration test during the subject matter, trying

to get the youth to vse these new talent processes. The .

students are finding the schools much more interesting
since they get a chance tc use this variety of talents.
The students are ready—it’s the system that isn’s ready.
The siudents are ready for the opportunity.

Dr. Srarkosky. I think in a sense you were mis-
understood. I didn’t think you were saying that it’s a
matter of fact creativity had to spring from a time or
a period of held-down influence. It often has in the past
and it certainly is frequently the case now. An answer
to the question about the function of American culture
is, If you look at the scientific areas or philosophic
areas throughout the centuries, Socrates wasn’t recog-
nized—he had to take the poison. Galileo wasn’t.
Neither was Copernicus. Their contemporaries ridi-
culed them. This is the function not only of our society
but the whole western tradition. Granted we want to
eliminate or ameliorate it, but 1 do think the idea you
were propounding was mainly: Let’s make it easy for
the creativity, first, to be recognized and for it to
flourish. You didn’t necessarily say it had to be done
in adversity. Do I understand you properly?

Mr. Irwin. I didn’t take this as being directed at me.
I thought he was talking to people who had expressed
the idea in the field of creativity because I did not
express the idea he was commenting on. I dedicate my
career to the opposite. I wasn’t aiming at anybody. Dr.
Dzlkey’s question struck me as being fundamental. I
would add, however, that many of these outstanding
people who ran into adversity, arose from a culture
which encouraged the kind of activity they were doing.
In Athens everybody discussed philosophy.

Dr. TAYLOR. We almost used as one of the possible
clues to creativity: how much trouble the idea cost;
and the other is that we are finding we do not have,
at least on a broad scale, highly favorable comment on
creativity in many of our organizations, including
schools. However, we are trying to do all we can in our
studies and enlighten more people. I will be speaking
in Colorado tomorrow and Oregon the next day to
illustrate my attempts to awaken and open the thing
so more people who have talent can come from the
grassroots when they are ready. The youngsters are
ready and are delighted when you try something new.

Colonel VaucaN. I am interested, Professor Taylor,
in whether you have any information or knowledge of
what other nations and cultures are doing or have done
rather recently, keeping in mind, of course, have the
Russians a program for selection of experts and what
is it and how well is it working?

Dr. TAYLOR. Let’s go into the area of creativity not
into planning. We undoubtedly have by far the most
research and most research knowledge of insight of
creativiiy on the globe. I am writing a paper to go to
Holland next summer as a position paper on creativity.
I was chosen as the one in the world to write it and
have had correspondence with many of these places and
find that we are way ahead. That doesn’t mean we are
way ahead in practice, the kind of things he is talking
about necessarily, the culture that is most favorable, but
at least ir the research area, we are way ahead. I
don’t know of anyone that is doing much in other high
level talent aveas other than us. I think we are probably
way ahead there, too. | have pondered a little on cre-
ativity when I received correspondence from the right
places: Warsaw, Moscow, and such, and way before
some of our nations awakened back in 1955, 1957, and
1959 whether we send everything to them for fear they
might implement it faster than we did. Our thoughts in
creativity now is to shoot the works—send them any-
thing we have. It will be one of the hottest things they
ever had in their hands.

Mr. FriepMAN. If I can attempt to translate what you
were talking about in ancient Greece when people were
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talking, philosophizing, from this some people emerged
who were not primarily accepted. Let me turn that to
today in modern times and point to the beatniks, the
hippies, who, I think represent perhaps a throwback in
modern times to those ancient Greeks who sat around
philosophizing. How does our society prepare to accept
and look upon those hippies today? I think there is a
lot of talent and creativity in that group. How are they
accepted ?

Dr. TavLoR. If you think of two circles, conformity
and creativity, they overlap 10 percent. Nonconformity
and creativity overlap about 10 percent and among the
nonconformists you might find some creatives but you
might find many others who are different. We spent
some time this summer with Toynbee— he writes his-
tory in terms of creating and emerging and talks about
the two stages of creativity. Maybe this pattern isn't
always followed but one is called withdrawal and
the other return. He talks about this establishment as
tending to be conserving, conserving what we have.
John Gardner has said:” Too many people in leader-
ship positions spend all their energies attending the old
operations and doing nothing to improve operations.”
Then people who are disenchanted or can’t quite take
what we have in the establishment withdraw sensing
something is not perfect, but can be improved, and
they react sufficiently ir: disenchantment that they break
away and withdraw. You raised the question about the
hippies. If the second stage is going to return or create
a whole new society—he usually thinks of history as
their returning and modifying the establishment suf-
ficiently to make history—he is raising the question:
Will full scale creativity come out of this? They are
showing the first sign—they are a product of this, a
by-product, and are not satisfied with the rat race.
What is it they say? Get out of your mind and come to
your senses. Whether they will be able to come back
and tackle the establishment successfully to make some
change in the establishment is the question. The point
I was trying to make, in response to Dr. Manz’ com-
ment, is not necessarily the university, faculty or the
student; but perhaps the outside, the fringe society
around the university, political, social, whatever it may
be, that is resisting change. Perhaps of teaching
methods or what have you, more than the students, or
the faculty. The constraint here is not with the uni-
versity and teaching methods necessarily but that soci-
ety which surrounds the university and resists change
within the university.

Mr. Irwin. I have a feeling from listening to *he
responses that the solution is not in changing the cur-
riculum but the other factors surrounding it. If we go
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ahead and devise a better curriculum we are not
necessarily solving the problem.

Dr. Manz. I agree as far as curriculum goes. A few
days ago my son came home and had to memorize
symbols of the periodic system of the elements. I re-
member when I was in school, I learned it because I
loved it. I learned it without knowing it but I never had
to sit down and memorize it. When a teacher doesn’t
know what he is doing—he is doing severe damage to
talented people having them memorize completely dead
information.

Mr. CETRON. You mentioned the nonconformists are
only partly overlapping. How many individuals are
way ahead?

Dr. TayLor. You want creativity to emerge. Evidence
from the studies of highly creative people is that we
almost have to go back to energy use. If we want to do
something with minimum expenditure of energy, we get
a habit working for us so we can tie our shoes without
thinking—do you understand what I am saying?—or
we don't pay attention to certain things. We don’t
expend any energy. The highly creative people, accord-
ing to studies today, are rather typical people in many
areas using habitual responses and so on and con-
serving their energies, a high percentage are available
for areas of battle, so to speak. Does that make sense?
They would appear to be conforming according to
many things and quite a few are trying to do all they
can to be nonconforming or conforming to a noncon-
formist pattern.

I said there are killers of creativity. I'm noi sure 1
agreed with that last comment. I think lower down in
the school system, the greater hope—the uriversity can
be our hardest nut to crack. I also think the excuse of
the faculty and principals and so on is the public
because of their lack of leadership. The public wants
the best it can get for their kids. Take the public—they
are with you if you can give them the best—this is
from the research we have on the youngsters.

I made a speech at the PTA that almost all children
are above average, and almost a third of them are
highly gifted in at least one area of talent. The public
and the children will be with us when the system is
better adjusted. It is the system that had adjustments
to make. Let me close with this story: It is an anti-
killer, a kiiler like an antimissile missile. There are
many killers of creativity around. It happens so natur-
ally and humanly that it just kills you to see it happen
especially to you. Someone said: what if we decide this
is a highly important talent in creativity and we should
do all we can to identify and develop it in our children
for the next 15 years, and after we did, would there be




too many creative people? The reply was made: If, at  problem, there will be enough creative people around
that time, there are too many creative people and itisa  to solve it.

In principle, the demographer deals with a simple item, the individual human being,
who in principle should be easily countable. However, Mr. Irwin’s paper shows that
this simplicity is misleading. The actual counting of those humans who are now alive
is a serious enough problem, let alone predicting where they will move, when they will
have children, and when they will die. This discussion of the problems of demographers
should be comforting to those forecasters who have to deal with even more intractable
data.

—Editor
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DEMOGRAPHIC PROJECTION TECHNIQUES

Donald S. Akers and Richard Irwin, Bureau of the Census, Department of Commerce

INTRODUCTION

Those who make projections of population and of the
demographic characteristics of population have made
little use of the methods developed by economists and
by others engaged in forecasting. Rather, they have
developed their own techniques, in response to the
character of vital statistics and population census data.
This paper discusses some of those techniques.

The study of population dynamics has a long history
of which the development of the life table in the 19th
century and of stable population theory later, in the
1920’s, are notable examples. It has some similarities
to the study of depreciation of physical assets, but in
general it has unique features not common to other
disciplines. A population is composed of a finite num-
ber of units (human beings) each progressing from
age to age through time, beginning with birth and
ending with death. Thus age is central to most
demographic projections.

Although once it was common to develop population
projections by fitting curves to the total population.
now it is usual to analyze growth by components of
change, by age, or by age and components of change
combined. Population change is the net sum of births,
deaths, and in- and out-migration. Projections may be
made of each component separately and total change
then obtained by summation. The presumption is that
the determinants of the rumber of births, deaths, and
migrants are independent of each other. This is not
entirely true, but true enough for statistical purposes.

The projections are further defined by making pro-
jections for each age group in the population separately
and obtaining total population by summing all ages.
Each age group is at a different point in the life cycle.
To keep this concept of a life cycle straight, we define
an age cohort. An age cohort is all the population born
in the same year or group of years. The cohort assumes
different ages in different years as it passes through
life. For-example, the cohort born in the years 1895
through 1899 was age 60-64 in 1960 and will be 70-74
in 1970,

In order to provide for an orderly progression of
cohorts from age to age, the age detail and the time
detail must have the same interval. Thus, we must make
projections of 5-year-age groups by 5-year intervals of
time and single years of age by single year intervals of
time.

Let us review, at this point, how population projec-
tions are made by what may be called the cohort-com-
ponent method. One starts with a population at some
base date distributed by age and sex. Then one multi-
plies the number of women in the childbearing ages
by age-specific birth rates to determine the number of
births in the subsequent period. One multiplies the
population and births by survival factors to determine
the number of survivors at the end of the period.
Finally one adds in the number of net migrants td the
survivors. The result is an estimate of population by
age and sex advanced one interval of time and one
interval of age.

In organizing a project calling for population pro-
jections of one or more subgroups of a given popula-
tion, a common procedure is first to develop a
population projection for the largest unit under con-
sideration, called here the parent population. This
parent population is commonly the population of the
Nation as a whole but may be the population of &
State or local area or som= subgroup such as American
Indians or the population living in households. The
population may then be distributed by area, such as by
State, or by characteristics such as school attendance,
marital status, or labor force participation. The pro-
jections for the parent population should be.more
accurate than for the subgroup, for the smaller unit is
subject to all the factors of change that the parent
population is plus the factors that lead to redistribution
of population among the subgroups. The procedure of
estimating the parent population first permits the
separation of the analysis of population change into
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those factors common to all subgroups and those
factors camsing redistribution between them.
This paper will first discuss the problem of making

national population projections, next, of making pro-
jections of demographic characteristics, and then of
making State and local area projections.

NATIONAL PROJECTIONS

In msking projections of the national population,
Projections are first made of birth rates, death rates,
and net immigration distributed by age and sex. It is
believed that mortality and immigration may be
estimated with fair precision.

Internal migration may be the most important com-
ponent for meny subzreas of the population, but immi-
gration is of only secondary importance to the growth
of the United States population. Gver the past 10 years
it has amounted to about 13 percent of total growth.
Furthermore, it is a fairly stable component. The quota
is the most important determinant of annual immigra-
tion. There are many other categories of migrants to be
considered such as arrivals from Puerto Rico, illegal
immigration from Mexico, refugees from Cuba and
elsewhere, citizens who choose expatriation, and the
arrival of children born abroad of American parents.
None of these are important enough to change the
general picture of limited immigration. The most im-
portaat source of error for the projections is the age
and sex distribution assigned to the immigrants.

Mortality is now low, and except for the possibility
of war or national disaster should not vary much. It
cannot be expected to drop much more, for it is now
close to some kind of biological limit dictated by
human longevity. Nor is there any reason to believe
that mortality will increase. There are two schemes for
prejecting mortality rates. One is to extrapolate past
trends and the other is to set some kind of ultimate
level for mortality based on an analysis of specific
cause of death. In the second scheme, period rates are
obtained by interpolation between the present and
ultimate levels.

It is the births that make population projections for
the United States so uncertain. In the last 50 years,
births have fluctuated widelv and proven quite un-
predictable. This may be seen in figures 11I~1 and
-2 which show the total number of births and the
total fertility rate (a measure of births per woman)
from 1925 to 1990. The charts show wide fluctuation in
past births and a wide band in expected births. They
suggest a definite cyclic pattern of about 35 years
duration with peaks in 1922, 1957, and 197084 and
troughe in 1932 and 1967-70. These Auctuations have
been analysed by Whelpton, Ryder, and others, but so
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far, their analysis has not added greatly to the precision
of the projections.

It should be noted that the swings in births do not
follow the swings in economic activity. There have
been marked declines in fertility in the 1920’s and the
1960’s despite economic prosperity in those years.
Births do follow the 4-year business cycle, but these
short term swings add little to the total variance in
fertility. There is some evidence that young adults have
not fully shared the prosperity of the 1960’s. However,
it is dificult to convert this clservation into a forecast
of future fertility. It would not seem thst ecnnomic
forecasts are useful for making national population
projections.

Fertility may be disaggregated analytically into
avarage completed size of family and the age at which
women bear their children. (The ape at which women
bear children is referred to as the timing of births.)
Fluctuations in completed <ize of family are measured
by the completed fertility rate shown in figure HI-3.
The chart shows that size of {.. ily, shown by the com-
pleted fertility rate, has fluctiated less than annual
fertility shown by the total fertil*ty rate. The rest of
the change must be explained by changes in age of
mother at childbearing. Four distributions of age of
mother are shown in figure 111-4. Series A is an ap-
proximation of the experience of the cohort of women
horn in 1930-40, who reached the peak of childbearing
in 1960: Series D is an approximation of the experi-
ence of the cohort of women born in 1910-20 who
reached the peak of childbearing in 1940. It is evident
that historically high fertility has been associated with
young average age of mother and low fertility with au
older average age of mother. These changes in average
age of childbearing may be measurec by the median
age of childbearing shown in figure 111-5. It shows that
the median for the 1910 20 cohort (used for Series D)
was about 27.2 vears and the median for the 193040
cohort {used for Series A} was about 25.3 years.

Age of mother at childbearing affects fertility in two
wavs, In the long run, it determines the length of gen-
eration. The lower the median age of mother, the
shorter is the length of generation, and consequentlv.
the higher is the projevted number of births, In the
shortrun, change« in age of mother cause births to
bunch up or fan out.
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In the 1950’s women wio had delayed having
children during thz depression and war years were
having children at a relatively high rate in their later
childbearing years. Thus, the 1920 cohort had a high
median age 1* ‘ildbearing. At the same time the
younger wome -e having their children at a young
age. Thus, the 1930-35 cohorts had a iower median
age. The high fertility of the 1950™ is to be explamed
in part by this overlapping of cohort fertiliiy, a situa-
tion that could not persist. The downward slone from
the 1920 to the 1940 cohort in figure II1-5 is sympto-
matic of this overlap. Today, the situation is reversed.
Older women are naving fewer children and younger
women are delaying having their families. This is
illustrated once raore by the upward slope after the
1640 cohort. 3

It may seem from this analysis that changes in ‘age
of mother causing peaks and troughs is fertility exceed
the range of variability expectéd for completed size of
family. Disentargling these fluctnations from the his-
torical data an? deciding whether to build the cycles
back into the projected series are two problems to be
resolved in projecting births,
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Two methods of niaking fertility projections that take
account of this complex picture are being tested—the
cohort-feriility method and the parity-progression
method. The cohort-fertility niethod, as the name im-
plies, analyzes fertility in terms of cohort. It assigns an
average size of completed family tv each cokort. It then
distributes by age of mother the differences between
the completed size and the cumulative fert:lity already
experienced by the cohort. The age-specific fertility
rates thus generated are regrouped into an annual
series and then fed into population projections of thc
cohort-component variety described above. The cohort-
fertility method is the one that was used for preparing
the latest set of population pro,ect ons by ihe Bureau
of the Census.

The parity-progression technizue starts with women
of childbearing age 2t some base date distributed by
age, marital status, parity (that is, the number of
children ever born to the wo.nan), and interval since
last child (cr since marriage for childless women). The
women are multiplied »v a corzesponding set o1 birth
probabilities. This op-ration determines both the num-
ber of births and the progress of women fromn one
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parity to the next. If mean parity is high at the base
period, a peak has been passed and fertility should
drop; if mean parity is low a trough has been passed
and fertility should rise. Interval between births is a
measure of timing of births and determines age of
mother. There has been less testing of the parity-
progression method than of the cohort-fertility method.

One distinction between these two methods is similar
to one already made in discussiorr mortality projec-
tions, The parity-progression method is an extrapola-
tion of rates of the recent past whereas the cohort
fertility method starts with an assumption about the
ultirate level of fertility and works backward.

The success of the cohort-fertility method depends in
part on the successful prediction of completed size of
family. Ryder and Lawrence have suggested methods
of doing this by mathematical extrapolation. However,
more reliance has been placed on the results of national
surveys designed to measure expected size of family
by interviewing womer. in the childbearing ages.
Whelpton and Campbell believe that the expectation
t
data are highly predictive. Critics say that women can-
not really assess all the future developments that may
affect fertility. They point out that within 5 years half
the births will occur to women who were young and
unmarried at the time of the survey and thus fall out-
side its scope. Finally, they object to a philosophy that

_ says average expectations are predictive even when it
appears that expectations for individual women are not.

The average size of family expected by the women
surveyed has remained very stable in the last few years

DEMOGRAPHIC

So far, we have been discussing projections of popu-
lation only. We may now consider methods of project-
ing demographic characteristics. These include school
enrollment, educational attainment, labor force par-
ticipation, marital status, and the number of households
and families.

There are two general methods of projecting
demographic characteristics. One is the cohort-com-
ponent method, already discussed in explaining the
manner of projecting the total population. The other is
the participation rate method. In this method, projec-
tions are made of the proportion of the population at
each age in some subgroups of the population. These
proportions are then applied to the total population by
age to obtain the number in that subgroup. For
example, projections may be made of Iabor force par-
ticipation rates by age, and these rates are then applied

40.

despite the sharp drop in feriility. It may be argued
that the drop is due entirely to a change in timing, and
not to a tendency for women to have smaller families.
Experimental calculations show that this is possible.
If this is true, a rebound of fertility is likely. However,
it is hard at this point to give full credence to the
surveys.

The latest projections made by the Bureau of the
Census use the results of the surveys only in a gereral
way. Three different surveys all place average com-
pleted fertility at about 3 children per woman. The
projections assume a range of 245 to 3.35 children
per woman. They also vary the timing of births. As a
result the projections have a grezter range in the short
than in the longrun. We are hopeful that the parity-
progression method will give more reliable shortrun
projections, although probably less reliable longrun
projections, than does the cohort fertility method.
Perhaps eventually we will find some way to splice the
two methods so as to obtain the advantages of both.

There is great uncertainty as to level of future fer-
tility. Despite the considerable current research that
has gone into the subject, much needs to be done. There
is a need for a great deal of mechanical experimenta-
tion with the proposed methods for making the pro-
jeciions. There is a need for more detailed data on
birth interval for the parity-progression method. There
is a need to enlarge and refine the surveys on birth ex-
pectations, and there is a special need to consider the
philosophical underpinnings fer using expectation data
for predicting the future.

CHARACTERISTICS

to the total population to obtain the number in the
labor force.

Let us give two examples; projections may be made
of school enroliment rates by age, and these rates
applied to projections of the total population by age
to obtain the number enrolled. This is the participation-
rate method. Or, grade progression rates may be
applied to the school population distributed by grade
at some base date to project the number left in school.
This is the cohorc-component method.

The second example is of marital status. Projections
may be made of the percent single by age, and these
percentages are then applied to projections of the total
population to determine the distribution between single
and ever-married. This is the participation rate method.
Or; first-marriage rate- may be applied to the single
population at some base date to determine the number
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of marriages. Then first marriages are subtracted from
the single population and added to the ever-married
population to determine the marital status of the
population at the end ot the year.

Each method has advantages and drawbacks. One
consideration is whether there is likely to be a cohort
effect, that is whether the previous experience of a
cohort exerts a significant influence on its future de-
velopment. For example, a cohort that has unusually
high enrollment part way through the education cycle
is likely to continue having high enrollment thereafter
and to achieve high attainment in the future. This
information will be lcst if the projections are made by
the participation-rate method. On the other hand, the
cohort-component method is affected unduly by errors
in the data for the population at the base date and will
accumulate errors through the repeated application of
the transition rates to the population. Where pro-
jections are made by a linked process, as in the cohort-
component method, errors in the data tend to cumulate
until unreasonable results may be obtained. Cumulative

errors may be reduced if a target can be imposed on
each cohort. For example, the proportion ultimately
marrying might be zssigned to each cohort in the
marital projections.

A suitable method for projecting households depends
on the state of the housing market. If housing is in
short supply as is still true in many European countries,
the number of households will depend on the enterprise
of the construction industry. If they are in plentiful
supply, then the number will depend on the numbe . of
adults who decide to establish their own households.
Since the number of households equals the number of
household heads, the latter may be projected like any
other demographic characteristic. Theoretically, either
the cohort-component or the participation-rate tech-
nique may be employed, but the data needed for input
to the cohort component technique are not readily
available. Hence in practice, as with most other demo-
graphic characteristics, the participation-rate method is
more frequently used.

LOCAL PROJECTIONS

Projections for States and local areas may be made
by extrapolating past trends in population growth, by
estimating the response to some future development,
such as the location of new industries, or a change in
the relative attractiveness of different geographic areas
as places of residence. Often there is little really known
about the determinants of future growth, so that some
kind of extrapolation of past trends by component is
the most coinmonly used method. The procedure is
strengthened by reference to projections for a parent
population for the birth and death components.

In developing projections of population or of popu-
lation characteristics for a single area such as a State
or county, a choice can be made between developing
a projecticn independent of outside factors, i.e., de-
veloping a parent population, or treating the area as a
subgroup of & larger unit for which projections already
exist.

If the State or local area is treated as a parent
population the problems faced are similar to those for
national projections,” except that the component of
migration is relatively much more important, and often
insufficient data are available to determine historical
trends in migration accurately. In projecting fertility,
only period fertility analysis can be used, because
migration obliterates cohort fertility analysis, and the

data needed for parity progression techniques are not

available.

If the area is treated as a subgroup of a parent
population, a common procedure is to restate basic
data in terms of their proportion to the parent popula-
tion. A historical series of these proportions may be
extrapolated into the future. This proportion is then
multiplied by the projected figure for the parent popu-
lation to determine the desired figure for the area.
This technique, usually referred to as the ratio method,
is, of course, related io the participation-rate method
described above. The ratio method can be developtd in
widely varying degrees of detail. A single projected
total population for a single area can be obtained in
this manner, or a more detailed projection for all areas
can be obtained. It may also be applied to each age
group, with the total population obtained by sum-
mation. The procedure is simple and assures a degree
of consistency with the parent population,

Even if the cohort-component methed is used, effec-
tive reference to a parent population can be retained,
especially if vrojections for all subgroups of the parent
population caa be developed simultaneously. This is the
procedure used by the Bureau of the Census in develop-
ing population projections for States. To project
deaths, cne national set of age-sex-color specific sur-
vival rates has been used, and the sum of deaths for
all States derived in this manner is forced into agree-

ment with ihe numnber of deaths developed by the

national population projecticns,

41

i oy




L R sy e e

&N

Fertility rates are also linked to national values,
although raies specific to each State are employed. The
ratio of each State’s general fertility rate to the national
rat. at the base date is computed, and projected values
are obtained by assuming convergence to national rates
at some future date, Values for intermediate projection
dates are obtained by interpolation. The births are
generated by multiplying the projected fertility rates by
the appropriate population at any future date. Births
are then summed for all States and forced prorata into
agreement with births projected for the Nation.

The component offering the highest degree of un-
certainty in State and local projections is migration.
Although an error in the projection of the birth com-
ponent over u 10-year period could cause a deviation
of up to 10 percent from the total population that
actually develops, the error would tend to be of the
same sign for all areas, thus not changing their relative
position a great deal. The migration component could
cause a deviation of from 10 to 20 percent of the total
population or even more, and the differences in the
actual growth rates from thosc projected would be
accentuated from area to area, since the gain of one
State through migration is a loss to the others. Further-
more, net migration rates are subject to much greater
fluctuation in the shortrun than is the case with birth
rates. For these reasons, considerable attention has
been given to the anaiysis of internal migration by
demographers, and by economists-and members of the

.business community. The economists and businessmen

are drawn into this field by the desire to forecast
economic variables, many of which are heavily
dependent on population size and composition.

In making population projections migration between
areas within a parent population can be calculated
either as net migration, that is the excess or deficiency
of inmigration as oppos~d to outmigration, or as gross
migration, where separate computations are made for
out- and inmigration.

Under the gross migration procedure the sum of the
projected outmigrants must equal the sum of all in-
migrants, and when net migration is used the sum of
the net values for all areas must be zero. Thus migra-
tion for ome area cannot logically be calculated in
isolation, for it must affect the migration for some other
area.

Projections of net migration have been more com-
mon than projections of gross migration, because the
data for estimating net migration have been more
readily available. Since the mobility of persons in the
United States is free of political restrictions, event
reporting of migration has been meager. Net migration,
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however, can be obtained by noting population change
from one census to another, explaining some of the
change by reference to registered births and deaths,
and inferring that the remaining change is due to net
migration. Net migration determined in this fashion is
sometimes called residual net migration. Unfortunately
migration values obtained in this manner include errors
of census underenumeration, age misreporting, or
errors in the registration of vital statistics. None the
less, net interstate migration is often so heavy as to
dominate the picture.

Although net migration statistics are readily avail-
able, their use in population projections is not entirely
satisfactory. There are certain technical difficulties
(discussed below) in balancing the sum of net migra-
tion for all areas to zero. More fundamentally, net-
migration represents only the surface effect of two
powerful streams of out- and inmigration. When one
probes for causes of migration, the search leads not to
one question, “Why is the net effect of migration thus
or thus?” but to two questions, “Why do certain
people move out, and others move in?” For example,
even in areas of heavy net outmigration, there is con-
siderable gross inmigration, and in areas of heavy net
inmigration the rate of gross outmigration may be as
high as for areas of net outmigration. Thus gross
migration has recently come under increasing scrutiny.
If the necessary basic statistics are available, gross
migration as greatly to be preferred over net migration
as a basic projection technique.

Projections of gross migration can be handled either
by calculating the migration streams between each
pair of areas, or by calculating outmigration regardless
of destination, and inmigration regardless of source.
By this latter technique a “migration pool” is developed
by first computing outmigration for all areas and then
distributing this pool back to the areas as inmigrants.

To our mind, the pool method of projecting migra-
tion is to be preferred at this time over the place to
place stream method, taking into consideration the
character of the basic statistics and the imprecise
nature of present knowledge about the determinants of
migration. it is believed that outmigration is a function
of specific population characteristics, especially age,
and is relativelv consiant from area to area, while in-
migration is moic¢ sensitive to the different levels of
attractiveness of alternative destinations. But the
precise functicnal relationships involved are not known,
and it may be impossible to determine them without
more precise data. If place to place migration streams
by age are projected a complex model with a very
large number of cells is the inevitable result. On the




other hand, the migration pool method separates
migration into the two chief dynamic factors of out-
and inmigration, yet remains simple enough to permit
the analysis of the relationships involved and to correct
for shortcomings of the data with relative ease.

A number of problems exist in connection with the
basic gross migration data obtained in the 1960
Census. Only 92 percent of those persons found in a
reinterview study to have been interstate migrants were
so indicated by the regular census results. This repre-
sents misclassification of those enumerated by the
census. The overall 3 percent net undercount for the
1960 census may be presumed to be considerably
heavier for migrants. Of those enumerated, another 3.3
percent of those who moved did not indicate their place
of former residence, hence are not included in the out-
migrant statistics. Only partial information was ob-
tained about mobility of members of the Armed Force,
college students, and institutional inmates, yet move-
ments of these special groups often obsgure migration
more directly relatéd to basic economic and social
factors.

When migration is projected for all areas of a parent
population by the application of rates, the sum of the
inmigrants projected for the areas tends to exceed total
outmigrants and the values for the various areas must
then be adjusted to zero (or to a control total repre-
senting net immigration to the parent population). As
the projection proczeds, the imbalance becomes pro-
gressively larger, requiring larger and larger adjust-
ments. This difficulty is brought about by a paradox
implicit in the use of migration rates. Specifically, for
areas of net inmigration, which grow faster than the
national average, the computations produce larger and
larger numbers of net inmigrants. For the outmigrant
States, however, the computed number of net out-
migranst increases less rapidly, since their populaiion
base is growing more slowly than the national average.
Since the sum of net interstate migration for all areas
must equal zero, it is necessary to adjust the computed
in- and ontmigraticn in some way.

Various techniques have been employed to bring the
computed number of migrants into balance. When
working with net migration rates none of the techniques
available for this adjustment is entirely satisfactory,
but we have found one that seems quite satisfactory for
the gioss migration pool method. In this met'iod, out-
migration is computed from gross outmigration rates
applied to the population of each area to form a pool of
internal migrants. This pool is distributed as in-
jnigrants among the areas in proportion to the distribu-

‘tion of inmigrants during the base period. Thus each

outmigrant becomes an inmigrant, and the sum of net
migrants for all areas is zero. Net immigration to the
parent population can be added to the migrant pool
for distribution among the areas, or handled separately.
Due to the distinctive character of net immigration into
the United States, the Bureau of the Census makes a
separate allocation of this component in its projections
of State population.

The same set of proportions can be used without
change throughout the projection period. This pro-
cedure has the automatic result that net migration for
each of the areas tends toward a level common to all,
as the projection proceeds through time. An area grow-
ing more rapidly than the average because of net
inmigration tends to have its rate of net inmigration
decreased as its population: base grows. By contrast the
slower growing areas fare better as time passes since
they retain a constunt propo-tion of the inmigrant pool
while their relative share of outmigration is declining.

The tendency toward equilibrium obtained by treat-
ing out- and inmigration in this manner is in accord
with the general assumption that net migration streams
will tend to eliminate differentials existing among the
areas at the beginning of the projection period. I this
assumption is not desired, rates of inmigration can be
developed for the base period, and inmigration com-
puted for each projection period, with the resulting
values converted to proportions of overall inmigration
for the purpose of distributing the out-migrant pool.
The sum of net migrants for all the areas will still
balance with the overall total, but the migration as-
sumption here would he of continuation of net
migration differentials among the areas.

We have said that internal migration is best pro-
jected by the application of rates to a population base.
This is true of the majority of migrants who move as
individuals or families in response to economic oppor-
tunity or social factors. It is not true for certain large
groups of migrants who move in response to admin-
istrative decision, and are often concentrated in large
group quarters such as military barracks, college
dormitories, or institutions. Regardless of whether the
projection is in terms of net migration, gross migra-
tion, gross migration, or place-to-place streams, account
should be taken of movements involving the Armed
Forces, and if possible, college students and inmates
of institutions. It is particularly important to remove
these groups from the base data from which the rates
are calculated. The need to take account of these special
populations becomes more acute as the geographic
detail and ag: detail becomes more precise. Thus at the
county level, the presence of a major university can
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dominate migration statistics for the age groups in-
volved. To leave these statistics unadjusted, thus
allowing them to be converted to rates of the population
of the area, can seriously distort the results of a poyu-
lation projection. Interstate movement of college stu-
dents is not such a serious problem, although pro-
jections of State population could probably be
improved by adjusting for this factor.

In the case of the Armed Forces, hawever, an
adjustment is almost mandatory at either the State or
county level. About one sixth of all males aged 20-24
in 1960 were in the Armed Forces. Since a standard
tour of duty is about 3 years, practically every member
of the Armed Forces can be assumed tr move to a
different State in 5 years, or at least to a different
county. If movements involving the Armed Forces are
allowed to remain in the base period statistics used for
computing raics and/or proportions of migration, the
implicit assumption is that the military developments
during the base period, both for the area and for the
parent population, will be duplicated during each
projection period. Thus, if a pew military base is
established during the base period, an unadjusted pro-
jection will build it amew during each projection
period, like a sorcerer’s apprentice.

A complete adjustment for the impact of military
movements ideally should allow not only for changes
in station strength of military bases, but should also
adjust for movement between the civilian and military
population. Adjustment consists of removing these
streams from the statistics for the base period, then
making some assumption about future size of the
Armed Forces and adding or subtracting an adjustment
for each area consistent with this assumption during
the projection period.

The basic data required to make these adjustments
are difficult or impossibie to obtain in full detail, and
in practice it is usually necessary to apply a partial
correction. It is felt that such corrections improve the
projections, even though falling short of a perfect
solution. In developing an adjustment for any special
population it should be remembered that census migra-
tion statistics are subject to errors of census undercount
and misreporting. The 1970 census will provide im-
portant new detail as to the migration of Armed Forces
personnel and their dependents. This detail wiil contri-
bute to the understanding of census misreporting as
well as providing material for developing a more
detailed adjustment.

Ta derive alternative projections of the population
by States, the different fertility assumptions of the
national projections can convenizntly bhe used, since

“

changes in the naticnal level of fertility can be expected
to affect all the States to some degree. Alternative
migration assumptions have been developed in project-
ing both gross and net migration for States. For gross
migration it has been possible to adjust projected
out- and inmigration in such a way as to gradually
approach an equilibrium of net migration among the
States at a selected future poini in time. This provides
an alternative value to that obtained under the assump-
tion of continued differentials among the States. For
both gross and net migration projections the length of
the base period can be varied, or two base periods can
be used, averaging tha migration rates for each period,
and using different patterns of weights to achieve an
alternative migration assumption.

The customary assumption that migration will con-
tinue in the future according to some pattern of be-
havior in the past has been felt by many to be a weak-
ness of demographic projections for State and local
areas. It is widely believed that the future population
development of a community is heavily dependent on
the economic potential of the community, and that once
this potential is determined, the approximate popula-
tion level which can be maintained is determined.
However, projections of economic activity for an area
are often an extrapolation of past trends. There is little
reason to believe that this kind of projection should be
more reliable than projecting population from past
trends in population growth. It may well introduce an
additional source of error; much migratior. is not in
response to ecoromic opportunity.

More meaningful projections of economic activity
may be made from a careful inventory of prospects for
the growth of primary industry within an area, espe-
cially of those that produce for export to other areas.
This information is used to estimate prospects for sec-
ondary industry, employment in secondary industry
and construction, employment in services, excess un-
employment, and finally the jopulation dependent on
the !abor force. This is known as Hoyt’s economic base
method. It is very time consuming to ap,”, and the
increase in aecuracy may only be moderate.

A projection of economic activity for regions can
also be developed by working from a parent projection
of the economy and allocating industrial activity to the
various areas according to locational factors, vrinci-
pally the location of resources and markets. One appli-
cation of this method allocates secondary industry in
the same manner as primary, thus abandoning this
dichotomy as the explicit basis of the regional projec-
tions,

It has not yet been demonstrated that population pro-
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jections dependent upon an analysis of the economic
factors are more reliable than those based on purely
demographic factors, and for the present demographic
projections are coexisting with those based on an analy-
sis of economic factors. This coexistence has resulted in
some cases in the inclusion of both techniques in one
projection model. An estimate of future employment
based on a demographic projection assuming no mi-
gration is compared with one based on an analysis of
economic activity. The observed difference is assumed

to result in a net migration of employed persons, from
which the net migration of all persons may be estimated.
Finally, with respect to population projecticne for
small local areas, expected land use has provided esti-
mates of future population. Here the analysis is in terms
of areas available for residential development and ex-
pected density of population. Such projections are often
referred to as saturation populations and are sometimes
presented without indicating the date at which this
population might be expected to materialize.

RELIABILITY OF PROJECTIONS

Statements as to reliability of projections are much
in demand by users. There seems to be no way to assign
a probability measure to a set of projections, however.
It is common to avoid the issue by labeling a set of
projections as illustrative or as true, given the assump-
tions. This practice ignores the fact that some types of
projections would seem to be more soundly based and,
hence, worthy of greater confidence than others.

One way of indicating reliability is to calculate a
range. It is defined by a high and low series of projec-
tions. They are generated by choosing assumptions that
are considered extreme, bnt nevertheless, thoroughly

- reasonable. Thus, the projections are something less

than confidence limits. Yet the narrowness of the range
dees give some indication of the confidence placed in
them.

The Bureau of the Census publishes four sets of
national population projections. Each set has a different
assumption about fertility but all sets use the same
assumptions about mortality and immigration. Hence,
the projectiors differ for the cohorts yet to be born but
not for the cohorts already alive at the base date, There
is an implication here that the projections for these
cohorts are so reliable that there is no need to indicate
the degree of reliability by a range. Certainly, they are
more reliable than the projections for the cohorts yet
to be born. Nevertheless, a check of the projections
against subsequent census counts shows important
errors in the older cohorts, too. For example, projec-
tions of the population 65 years old and over in 1960
prepared in 1957 were short of the 1960 census count
by 6 percent. The principal source of error seems to he
in the counts both in the 1950 census, upon which the
projections were based, and in the 1960 count, which
served as the standard to which the projections were
compared. The explanation of these errors has not heen
determined.

It seems then that errors of census count are an im-
portant source of error in demographic projections and
also complicate the measurement of the success of the
projections. It is hoped that techniques of estimating
net census undercount will become sufficiently reliable
to provide acceptable population figures as a base for
population projections. A corrected population base for
the projections nd corrected population distributions
against which to evaluate them should make a consider-
able contributior: to their improvement.

Projections of demographic characteristics may often
be assigned a narrower range than prejections of the
total population. An analysis of the participation rates
or transition rates for various characteristics often in-
dicates that thev may be afforded considerable confi-
dence. Hence, the uncertainty about hirths is the prin-
cipal source of uncertainty of such characteristics as
school enrollment. Where birth cohorts are not in-
volved, such as projections of marriages and labor
force for the next 15 years, the projections are highly
reliable.

Aiternative sets of projections are often calculated
for distributions of parent popnlation among States or
local areas, but there are methodological problems in
calculating the migration component in such a way as
to provide reasonable ranges for every member of the
distribution. To provide maximum: and minimums of
net migration for each area would require computing
as many sets of projections as there are areas. Methods
of obtaining alternative series of projections by vary-
ing the migration component were discussed above.
Projections of births and deaths are not a problem in
this respect, since the alternative assumptions for the
parent population can be used without changing the
basic procedure outlined earlier.
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DEVELOPMENT OF ALTERNAYIVE METHODS

Attempts are made from time to time to find more
mathematical methods for making population projec-
tions. The most notable achievement was the develop-

" ment of stable population theory by Lotka in the 1920's.

He demonstrated that a schedule of age-specific birth
and death rates applied to any population will eventu-
slly generate a predictabl: age distribution and rate of
population growth that are independent of the initial
age distribution. Lately, Coale and Demeny have ap-
plied stable population theory to making projections
for high fertility countries.

More recently, attempts have been made to apply
matrix algeb.a and Markov chains to population pro-
jections. The cohort-ccmponent method, which defines
population in terms of a population distribution and

Mr. FRiEDMAN. There is an old adage that I always
felt to be true: The rich get richer and the poor get
children—is there any validity to that?

Mr. IrnwiN. The lower income groups do have larger
families. In the rural South, for example, the nonwhite
family, both white and nonwhite families the per capita
income is very low with high birth rates. I don’t think
the situation has gotten far enough to see whether the
same conditions that prevailed in the thirties, when the
people who could afford to raise children did not have
them, is coming true now. During che high fertility of
the fifties, it wasn't 80 true. Both rich and poor were
having children, about comparable-sized families.

Mr. CeTron. F've got a question. It seems that you're
conirolling and comnensating. If your figures don’t
come out the way you want, you bring in more migrants
to make them come out right. You are actually taking
in migrants to compensate for the lack of validity of
your sample.

Mr. IRwiN. No, we are not that chicanerous. We'd
probably nave done something ~hen we made the basic
assumptions. Just before the immigration started—
that’s happened in the last year, and in that blue book
we make it very simple. I musi admit we make a very
simple assumption about immigration, the national pro-
jection. The blue book you have, 286, was about
300,000 a year-—it had been running around that—and
now in the new ones, which are going to come out and
are refzrenced on page 1-—-we are assuming 400,000 &
year. The latest computation is over 400,000. But we
didn't do it in order to come out right, however, we
would like it to come out between B and C.

Mr. Cetnon. Can you modify that fizure with figures
going out--the number of human beings on the conti-
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matrixes of transition probabilities, suggests that ma-
trix algebra would be a usefui tool. However, the work
8o far suggests that it can add little to what is already
known from the cohort-component method and from
stable population theory.

The methods employed by economists and research-
ers in other fields seem to have little application to
demography. We find demographers making little use
of regression analysis, simultaneous equations and the
like, so common in economic projections. Whetner the
uniqueness of technique is truly a reflection of the
nature of demographic material or whether it ony re-
flects the parochial view of demographers might well
be a topic to discuss at this conference.

nent? There are so many Americans on passport who
are out of the country all the time.

Mr. IrwiN. We do take this into consideration as
one of the components. We have about five categories
of net immigration. One is citizen arrival and de-
parture, so we try to take this into account, and we
take into account dependents of American setvice mern
coming back from overseas, for example. There are a
number of places where statistics are not perfect, espe-
cially by age and sex. We have serious problems. Fur-
thermore, the Bureau of Immigration in 1957 stopped
giving us a count of alien emigrants—not alien immi-
grants, but emigraats leaving the United States with
the announced and stated iniention of staying away
permanently. We do try to take these into account. The
Armed Forces abroad are also taken irto consideration
—we have a million men overseas.

Dr. FULLER. On the curves, is there any showing of
that final net?

Mr. [rwin. No. Once a year we have a report on the
components of change which shows some of the varia-
tions from year to year. This is net immigration as a
rate down at the bottom. This is 1951 and that's the
absolute fzure of about 300,000 a year. This would be
my basis for the statement that it is relatively constant.
But it has gone up as a result of changes in the law.

Colonel VaucuN. Not too long ago in the Washington
Post and other papers, there were stories ahout the 3
million to 5 million Americans that weren't counted in
the last census. What is that going tc do to your chart?

Mr. Inwin. When you read my peper thete is somhe-
thing pertaining to having & paper reviewed so that
every little point gets in. 1 made the statement that
these projections of the population that are alive on
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today’s date are fairly accurate. We found that projec-
tions made during the fifties when compared with the
1960 census, for the older age groups, were not good.
Looking further, you find the trouble is the population
is undercounted and furthermore, is differentially un-
dercounted by age. There are some very striking things
in the table—the base population is phony. One is 5
percent low, another is only 2 percent low. These kids
are really good. They are in school, mama is home
taking care of the family. We do good with those kids,
5-14. Things really start going to pot when we get in
the 15-19. For white males, 20-24, the undercount rate
is about 7 percent and for nonwhite males, 20-24, is
20 percent. We misc 3d one out of five of every nonwhite
made 20-24. Obviously that’s going to throw things off
if you use as your criterion that your population pro-
jection should agree with the w. 7t census. I think the
next major step is to build in, and work with the
corrected population. In other wo.Js, first we correct
the population for undercount and we now have an
estimate of the true population, just an estimate. | won't
use the words “true population.” It is corrected. Then
carry it forward and either state our projection in terms
of the corrected population, which would require a
resolution on the part of everybody who used ccnsus
statistics, so it is a major step. Furthermore, we are
not that sure about the exact undercount by age, how-
ever, we know there is a hig differential in undercount.
We know some of the percentages are big but we den't
know exactly how big,

Dr. LinsTonE. Can't you use birth and death data to
correct population projections and keep them more
current?

Mr. IrRwin. Registered births with the native born
population enumerated could ot be done until about
1940, because in the United States birth registration
was not even ncminally complete until 1933 when ihe
State of Texas entered the birth registration area, so
until that time there were no printed statistics on regis-
tration of births in Texas and a few other States. Then
in 1940 1 test was conducted to find the percentage of
under-registration of births. From this we take the
births thet were registered when the area was finally
complete, correct them for underregistration: Apply
mortality rates; compare them with the population
enumerated in 1960 by age; by cohort, then comparing
it with births during a stated period of years: They
don’t come out.

Dr. Jounston. I wanted to make comment relating
to undercount, too. We are in the process of writing an
analysis of the implication of the undercount for labor
statistics—that is, manpower snd labor {orce statistics

—in which we will do something to the review and ap-
proval of the Census Buresu. The idea 1 want to get
across is you can be worried about the effect on the
levels when you have missed 5 million people, or as one
man put it, “You missed the population of Denmark,”
or something like that. The rates may not be affected
significantly because we don't have too much evidence
to indicate that the people missed are that different
from the people who are caught, at le «t in the same
area——people missed are not likely to be all different
from the people caught, we are interested in rates of
unemployment on rates of school attendance, they may
niot be that far off even though the levels aren’t there.
This is always subject to some doubt. As long as you
have missed these people, you really don’t know what
they are like. :

Mr. Iawin | really didn’t answer vour question,
Colonel Vaughn. Firat of all, there is some evidence to
show with respect to fertility and. for example. the
difference between nonwhite fertility rates as printed
and white fertility rates. There is a differential under-
count which tends to bring them together. But it is not
too much after you do it with the best figures available,
the rates and the trends are not seriously contradicted
and the point Denis made is you are not quite sure
everybody you missed had a different proportion of the
characteristics you are talking about. Everybody as-
sumes that all the missed peoplg are unemployed; that’s
not necessarily true. They may be people who work,
have no children and are away from home. Then 1
might defend the Census Bureau when the field division
is trying to count all these people. We have a lot of
ideas about how to do it®which are usually expensive.
Between 50-60 we had this same constant amount cf
undercount, almost exactly. We missed 5 million people
in 1950 and we missed 5 miliion in 1960. We would
have had about 30 million nore people, s+ the rate
went down.

Dr. Darkey. If you look at the distribution of ages
in the almanac, it has some suspicious lumps. For
example, a lump at the age of 59 and another lurip in
what looks like it might be preferred ages. I don’t know
whether this is due to misreporting.

Mr. lm;l. It is ;iut to misreporting of 1900 as the
year of birth. '

Dr. Darxey. Did y»t try to tgke this into sccount?

Mr. Inwin. In 1960 the Census Bureau had a dedi-
cated staff so they said, “We are not going to ask just
how old were you at your last birthday,” which is what
I will answer if you ask me how old I am, but thev are
going to ask what year was be born in. This was done
in 1960 because when you ask evgrybody how old were
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you at your last birthday, there is a distinct preference
for ages, like 45, 50, 60, 65, and so on. This is called
sge-peaking. In 1960, we asked, “What year were you
born,” and this caused an awful lot of finger counting
at the door. People would say, “Let’s see. I'm 18,” and
so forth. However, it did have the effect of eliminating
the age preference for 10, 20, 30, 40 years and the only
ones marked were people born in 1900. They came out
as 59, but there wasn't very much preference for
1910, there was a change to the year of birth which
added a distinct improvement on .agency tables from
the point of view of peaking. I just came from a pretest
of the 1970 census in Philadelphia. We are very con-
cerned about the undercount in the Negro ghetto.
There’s no question about it; it is high. That’s where
we are missing males. ] should mention that the compu-
tations of undercount give no indication of the geo-
graphical location. The whole thing is predicated on a
closed population. You've got births in the United
States; you've got native born people and you take
account of the people abroad, citizens abroad. Dr.
Fuller, znd you’ve got a closed population bt that's all
you know. You don’t know whether it was in Harlem,
in Mississippi, but it is believed to be in the ghetto.

The point of year of births, T observed several inter-
views with people with low education and our schedule
was just too complicated. It is going to be tough. The
year of birth requires a set of figures. If we said, “how
old are you,” that part of the question would be simpler
and we would get the resc" the rest of the infor-
mation. '

Dr. FuLLER. Since 1960 haven't there actually been
less babies each year in the United States?

Mr. Irwin. Wasn’t 1963 the highest year for births?

Dr. FuLLER. We actually had less babies and I think
this is interesting in view of the fact that we would have
more fertile females each of those years, would we not?

Mr. Inwin. That’s right.

Dr. FuLLER. So we would have higher potential.

M:. IrwiN, We are maintaining that the present drop
ir the volume of births could be caused by a change of
timing and age of marriage and does not necessarily
reflect a decision on the part of women t: have smaller
families.

Dr. FuLLer. The customs of people in America, in
the last decade during this period since World War II,
has chkanged—the conduct of young people. The older
people not exercising their will over the young peoples’
lives. The young people have had much more oppor-
tunity, and they've lived around together and had
more opportunitics to make babies than they ever had
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before. 1 think this is quite a significant figure and
trend.

Mr. MoNAHAN. Why the drop in the birth rate be-
tween 1925 and 1929? You say there is a drop of the
fertility rate.

Mr. Inwin. The fertility rate dropped all through
the twenties, I believe. The best discussion I ever heard
was by a fellow named Fred Chino in the State College.
He gave the best analysis and I have never heard any-
body refute it. He said, “During the twenties, first of
all, the women having babies came from large families
and their mothers were generally overworked, but more
than that, women had just achieved equality. They had
gotten the vote in 1919, so this was combined with the
feeling on the part of women that having babies was
not the only aim of life and it was very popular to think
about having a career. So a woman was a woman; she
had a baby but that was the end of her responsibility.
She was going to go out and make her way in ine
world. As this period continued, this attitude was the
dominant one. Then in the thirties was an artificial
financial restraint, so this deepened and then the war
came along with the physical restrictions on having
children and all of these things let loose in 1946. That's
my answer.

Major MarTINO. I would like to address what I think
was your original question—the methods you use and
so on rather than the content of population studies.
You put up a straw mar that your techniques are
unique to demography. 1 am sure you don’t believe it
and I believe it even less,

Mr. IrwIN. I sort of believe it but I am ready to be
shown.

Major MarTiNo. I would like to start—at least, try
to direct the discussion in that direction by making
some assertions of my own. First, any forecasting must
of necessity be based on data from the past. That is,
there is no other way to make a forecast except to
ignore data completely and just gues. If you attempt to
forecast rationally, you must start with what you al-
ready know about the past, to this extent your methods
must be somewhat. similar to everybody else’s. Next, 1
would like to point out that what you have called the
component equation has an analog in puysics. This
very same situation is known as the equation of con-
tinuity. The amount of material or whatever you have
inside some boundary is that derived from the sources
less that lost to the sinks, plus the next influx across the
boundary. Therc again is something in your model
which is at least paralleled by something in somebody
else’s model. This is to reinforce my contention that
your methods are not necessarily unique.
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Mr. IrRwIN. Very interesting. What about this ques-
tion? What we are really interested in, is whether you
people can see parallels that would help us in this
question of period fertility. By that I mean the rate at
which all the women alive at one time are having babies,
and on the other hand the idea of following a women
through time until she is through having babies. Can
we tie these together in some way?

Dr. SLaFKoskY. I question your definition of fertil-
ity, because you are applying it only to women who
have proved their fertility.

Mr. IRwiIN. Very true. The state of our art is a crude
way to get it. In my discussion of migration and sta-
tistics, we are quoting a rate of having babies by all
women whether married or not and whether fecund or
not. We should quote rates of married women. 1 am
realizing the dangers of having a verbal discussion.
I left out one whole technique of projecting births
which is the parity progression method. The completed
fertility technique of projecting births is, we think
best, in the longrun, but in the shortrun we' are not
doing so well. It is very hard to get long range estimates
of fertility of women to come out on the short run. So
when we put the computations together we very typi-
cally get nonsense results in the first few years. It is a
big problem. There is another way of doing it but
unfortunately there is not enqugh data, even at the
national level, and this is to go back to a cohort pro-
gression of women in effect and use the cohort ap-
proach with the women. Take all the women of a given
age and assign them a parity: How many babies have
they already had, then you say the chance that these
women of different parities will have a baby during
the next time period is such and such. Then you say,
“OK. This is all women, aged 2024, who have had
one baby, two babies, three babies, fcur and more, you
assign different probabilities and multiply these out.”
There has been some experimentation on this and the
tables are hard to come by. Particularly the tables
showing parity by length of intervals since the last
baby, which is an extremely vital factor; because a
woman wl.o had one child 5 years ago is less likely to
have another child than a woman who has had one
baby 12 months ago. This is called the parity progres.
sion method. You can read cur comments in the paper
at your leisure. We would like to use parity progression
approach in the shortrun and join it with the cohort
fertility in the longrun but it is quite a trick in compu-
tation. _

Dr. StaFkosxky. May I suggest that—in some way
you probably have a more difficult problem than most
of us and I'm not sure we are ever going to get the kind
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of conclusions you want. You are dealing with a subject
matter that has many variables and the kinds of influ-
ences you gave Mr. Monahan are the overly large
problems. I have a feeling there are a lot of medium-
size and smaller ones that work with individuals, fami-
lies, groups, and sectors that you will never get your
finger on and these are the ones that are always giving
you trouble. Even if you talk about a parity for a
cohort under similar conditions, carry it through and
always look at it in that way: You are not going to be
set on any firm basis to make your prognostications,

Mr. IrwiN. We could further disaggregate. At the
present time it is a great problem using the parity
progression because we are not working up good tables
showing parity as it passes through time. We are going
to want to look at some trends before we project it into
the future. As a general observation which I might
make, going back to the undercount. The basic quality
of population in statistics is not that good. They are
never going to get it. People don’t report well. You miss
too many people and we get a lot of resistance. We've
got 29 housing questions and about 30 population
auestions, that will go to 20 percent of the people; and
plenty of studies to show that the answers jiggle. For
example, mobility and migration, we asked them where
they lived 5 years ago and only 90 percent of the people
who actually moved interstate on the basis of a reinter-
view study marked it that way on the questionnaire.
There is about 10 percent—we are talking about big
numbers. I feel that further disaggregation is not feasi-
ble at this time. It is certainly something to consider.

Dr. CHAcko. Would you be able io prove your allo-
cation method by the apportionment of migration to the
50 States which is 2 percent on the basis of the null
hypothesis? Jt seems to me you mentioned two very
important factors, those of the military establishments
and universities, he actual number of students and
military personnel are nearly constant. invariant. So,
by ascertaining these, couldn’t we say tl.at these popu-
lations had to come from some place and they arrive,
and use that as a refinement of the allocation of the
migrant population?

Mr. Irwin. We do make some allocationz actually
based on tabulation. In making our population esti-
mates, I have talked all about projections—the popula-
tion estimates for areas generally use some of the same
techniques; and in the case of making our national
estimates by age, sex, and color, we start from the base
population, add registered births, subtract registered
deaths by age, add immigration as computed by our
various methods, and in the process we have the Armed
Forces. We get statistics from the Armed Forces which
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are baze! on samples that are different for each branch
of the service, but we use thom as one unit and this
shows preservice residence of each member of the
Armed Forces. Then we have to allocate them to their
former horne or assume where they are goirg to move,

after being discharged. They are all estimates and are

all pretty tricky. For example, I can get distribution
of Armed Forces by branch for the Nation, but I don’
know what it is for Alamogordo, Randolph Field, or
Fort Benning. I know a group of young people are st
Fort Beaning for basic training but that’s all I know,
so when you get down to a; . there is a problem.

Major MartmNO. I would like to return again to my
previous thesis. You posed a sequence of models of
improved nature, the first being a net migration model,
net immigration, where you used, as I understood it, a
proportionality factor—the net immigratiox being pro-
portional to what was already there and you have
shown that this had an inherent bias in the computa-
tien. This is a problem in the mathematics whica has
nothing to do with reality. Next you gc¢ to a modified
migration stream method which again has an inherent
difficulty in the mathamatics because it assigns a con-
stant proportion of the migration pool to certain States.
This is biased against the rapidly growing States and
for the lesser rapidly growing States and so on. I am
suggesting in effect two things: You haven’t gone far
enough in this trend away from the net migration
model and, barring difficulties ot gathering the data
which may be your biggest problem, what you can
move to next is to recognize that this thing is not much
different from a Markov Process. You actually have a
50 by 50 matrix of transition probabilities and the
probability of a person in State A going to State B is
an entry in each cell. The matrix is not triangular
because above the diagonal you have from A to B and
below the diagonal you have from B to A. The sum of
the two, the net sum, must be the net probability of
going from A to B. The point, however, is this would
eliminate the difficulties both with the net migration
model and with this peculiar allocation process of the
migration pool model in that it creates no mathematical
artifacts in your modeling, and assuming you get the
data, it allows jou to go directly to the growth rates
of each individual state.

Mr. IrwiN. A very good point and I think I ought
to meet it. I'm with you, but I'll go against you just
for the record. First, I like the assumption that might
be argued on a philossphical basis—I find the Bureau
feels that we should assume a convergence toward a
national unity in all of these variables. For exampte,
births: We don’t compute births separately for cach
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State, we compute a ratio between the fertility rate per
State A in the Nation and State B in the Nation, then
we assume those ratios are going to be 1 at a point 50
years in the future, This illustrates the turn of mind.
In the same sense, using & constant set of proportions
will, in & period of time, produce zero net migration
because sooner or later it will even out. We liku it and
we argue thet the.differentials which exist at the begin-
ning of the projection period will tend to ~liminate
themselves as time proceeds. We don’t know what the
differentiai factors are going to be. They are going to
enter into the future, sc we won't try to estinate them
—-we like the convergence. If I don’t like the con-
vergence, it is extremely easy to use this model and
not have convergence. All I have to do is compute
inmigration as rates, build up a fictitious inmigration
pool for each projection period, compute the propor-
tions to the larger inmigration pool and then allocate,
using those proportions. The large States will gain, too,
and I can assume no convergence. The basic data is
important because it is hard enough to come up with
an estims*e about the impact of special populations on
this model—I’m not very good at Markov chains—but,
it seems to me, it would be rougher to get into a place
tc place migration stream model although in my paper
I do maintain and I will maintain it honestly and vigor-
ously that we should explore this, it is obviously a
direction that research should take, no disagreement.

Dr. LinstonE. Do you take irto account the techno-
logical? You mentioned the economic factor. How are
technological factors like the oral contraceptive
businesa?

Mr. IrwIN. Speaking of employment first, we are
looking at other people’s studies of employment and
labor force. On births, there is a lot of work being done
on fertility, fertility control, the impact of various
methods of contraceptives on fertility. Work is being
done in the colleges which we are studying. We have
not explicitly buili it into a population model, we are,
however, keeping abreast of the research in this field.
My feeling is the impact of the oral contraceptive on
the birth rate at the present tim3 is somewhat over-
rated. The fact that fertility got to the lowest period
ever experienced in this country in 1933 without one is
proof. If women decide they don’t want children, they
managed to prevent it although I don't deny the factor
and obviously it is a factor. Contraceptives will have
an impact but not a decisive one.

Dr. CHacko. Following up Major Martino’s remarks,
your last statement sbout the relationship between
economic and demographic factors brings up the simi-
larity of forecasting techniques that you use in demog-
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raphy and elsewhere. I think I would take issue with
Major Martinc in using the Markov Process. In order
to use the Markov Process, you need a transition ma-
trix which has constant probabilities. The assumption
that the probabilities are constant with reference to
migration is too restrictive. I suggest you look at
Leontief’s Input-Output Table. It would be a 50 x 5u
table. You can derive the technical coefficients for
inmigration into California from other States. You can
apply this coefficient, say 0.35 to the next period and
see how close it is to the actual inmigration. Because
the table requires that arithmetically the inputs should
equal the outputs, you force the net migration to be
zero. | am mentioning this as one technique. I didn’t
hear you refer to any logistic curves. Have you given
up using these?

Mr. IRwiN. Well, pretty much. Just the same as our
low projection of population in 1946 wiped out the
period fertility and let us do so much work on thet
same technique; in the early 1900’s some people named
Pearl and Reed developed a complicated curve. This
has been completely dropped. Again there and then,
the fact that the fertility doesn’t seem to line up with
major economic shifts is another thing that troubles us.
But I think it may begin again. Who knows?

Dr. CHacKo. In light of what Dr. Linstone has stated,
T was wondering if you had considered the use of the
exponential smoothing. What it dces basically is take
and weight the data differently, giving say 80 percent
of weight to the last data and maybe 20 percent to all
the arevious period data. You would get a continued
extrapolation which takes into account all the variance
of the dats. Brow . at Arthur D. Little developed this
program. Its advantage is that if you have sudden
changes such as the one mentioncd—the use of oral
contracept:ves—the smoothing program will reflect the
latest and drastic changes. I have used this successfully
in forecasting the growth of chemical products which
are quite volatile, starting slow and zooming up. This
has been found to be useful. Have you considered that?

Mr. IRwiN. We have talked about it and we have a
great need for good shortrun projection. I want to
figure this summary for foreign demography in the
sense that I want a publishable figure for January 1,
1968. Well, it’s a little embarrassing for us. We have
a rather crude extrapolation which goes into the census
for 1970. We don’t have any consistent way of fore-
casting, say, 3 months or 6 months ahezd. We do feel
we should do that. This is a very good suggestion and
we are interested in this line of reasoning.

Major Martivo. T would like to add to Mr. Linstone’s
comment regarding technological impact. Do you at-

tempt to forecast area population or could you use
technological impact, in such things as replacrment of
coal L7 oil as an energy source and use this to conclude
that the population of West Virginia is going to drop?

Mr. IRWiN. | am sure the Bureau of Census would
feel that is a function of other analysts. We will use the
research that other people do both public and private.
I would ask about the idea I mentioned in the model
which was outlined. In other words, give me an estimate
of employment: I am going to let other people decide
how you do it. I've got enough complexities of my
own. I don’t know if that is the right attitude but I feel
we are in an age of too much specialization. The feeling
is that we will try to coordinate our efforts with other
people who are doing that.

Mr. CeTroN. Going back to Major Martino’s point
again, where is it similar to the forecasting techniques
that are being utilized now and I think what we are
using now is extrapolation basically with ail that it
entails. If everything goes o.: as it did in the past, it
will be fine in the future. We should be looking at this
migration figure using Dynamic Forecasting Tech-
niques, and use these trends for efficiency where the
weights are put on. That’s what Joe and Dr. Chacko
are trying to get at.

Mr. Irwir. This is a very interesting point because
I have discussed it with various people in the Bureau
and one thing we have noticed: Demographers as a
general group feel rather guilty about the fact that we
are just projecting those rates out, so we have a guilt
complex; but the interesting fact is that the people who
are forecasting the economy are usuzlly doing the same
thing, so what happens is when you ejuate these
things, they are not as different as you might think.

Mr. CETRON. Yes, but that doesn’t mean two wrongs
make a right. You are checking your standard—if the
standard is wrong, then they are both incorrect.

Mr. IRwIN. You are right. I would restate by saying,
until I see an economic model is going to do it better,
I'm saying, “Look, give me an estimate of employment
and I will tie my projection to it but that estimate of
employment has got to be more dynamically oriented
than mine.”

Mr. Hacke. This is really a questior. for information.
[ have the impression and it may be simply that I've
been brainwashed, when you go to a smaller aggregate,
neighborhood, community or metropolis, that the peo-
ple in the utilities plannitig do a very worthwhile job
of demographic forecasting. I want io know first, do
you believe this and second, is there a microstructure
of demographic forecasting for people who move where
there are utilities and therefore fulfilling a prophecy.
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Mr. Inwin. By utilities, what do you mean?

Mr. Hackk. Sewage, water, lights.

Mr. Inwix. I think the buildinz contractors do that,
as to where you put the houses, to the extent that deter-
mines where the people go; I think its very true. With
respect to local projecting, from the national point of
view, I can represent both positions because I've only
been with the Bureau a year. I worked for Oregon and
California and there is a lot of feeling on the part of
a local person that he can better assess the individual
potential and factors of his area. I do feel at the Fed-
eral level ore great danger is, you lose contact with the
local things. For example, if I were to retain the same
kin”? of contact with each State, making State projec-
tions, it would take a huge travel budget which I'd

never get one peccent of. There is the danger. On the
other hand, there is a kind of doubt that these things
ure not independent; when you come at it from the
top—for instance, thi. gentleman mentioned finding a
way to make a good economic employment projection,
starting with an input-output projection in the national
picture for 1970 or 1975, manage to work thic down to
the States by a good allocation system and then plug
this into nay demographic model and get it ali lined up.
On the average, we are going to do better than these
areas would do alone. “On the average” is a weasel
word. It reminds me of the only joke I know about
statistics. A statistician is a man who when he comes
in the room and finds a fellow with his feet in the
icebox and his head in the oven, says, “On the average,
you are very comfortable.”

Dr. North has applied the Delphi procedure, described earlier by Dr. Dalkey, to
the task of preparing plans for his company. His description of how the Delphi pro-
cedure worked in a practical situation should be of interest to those contemplating

the use of it.

—Editor
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TECHNOLOGICAL . FORECASTING AND
ITS ROLE IN PLANXNING

Harper Q. North, Research and Dav;lopmcm, TRW Inc.

I first first met Joe Martino at a conference at Lake
Placid, N. Y., on May 23 sponsored by the Industrial

Management Center of the Harvard business school.

Joe invited my participation in this conference, and I
still feel, as I felt at that time, that the setting of corpo-
rate goals in any company ard the establishment of &
sound research and development program constitutes a
chicken-and-egg situation. Today, I want to elaborate
upon that statement and to describe a program in
which I-—and more recently my peers and superiors—
have expressed considerable interest and to which my
office is devoting considerable time. I hope that you
will forgive any flavor of advertising in the event that
I become carried away and mention TRW. Any refer-
ence to a specific company living or dead—and TRW
is certainly living—will be in the interest of making
real an exercise which might otherwise be classified as
pure theory.

Those of you who attendel the Lake Placid confer-
ence may sleep through the first half of my talk, as 1
plan to start from the beginning of our technological
planning, if only to use some of the excess time which
Joe Martin:. has allocated to me. In fact, many of you
will recognize our exercise as a variation and extension
of a study conducted by Major Martino and his group
in the Office of Scientific Researcn. Their study pre-
dicted events [n politics, economics, and the military.
Qurs is confined to teciinology.

Late in 1965, my assistant, Don Pyke, :alled my
attention to the now wellknown article in “News
Front” fir April of that vear by Olaf Helmer of Rand
and Ted Gordon of Douglas entitled, “Probing the
Future” 1 was quickly persuaded that the Delphi
technique could readily be adapted to research and
development nlanning, but persuading even an imagi-
native president and chairman of TRW of the value of
the project required a little strategy. My entré was
through Dr. Simen Ramo, longtime friend and asso-
ciate and vice chairman of TRW’s board. On the human
side, Si Ramo 11 & friend hut devil's advocate. He will
pose probing questions one after another until the

proponent is ready to say, Forget it! but just short of
that, he will say, Let’s try it. So, tentative plans to

~ probs TRW’s future were presented io about 200 of

our key technical people et dinner meetings in Los
Angeles and Cleveland. The response before Los An-
geles engineers of the systems group was encouraging
bu: reserved. In Cluveland, the experienced and con-
servative automotive engincers were merely reserved,
but we had enough to start on.

I asked the executive vice presidents of our four
TRW groups: Automoiive, electronics, aircraft equip-
ment. and systems for five of their most imaginative
but practical engineers and scientists to serve as pancl-
,ists for an exercise in the Delphi technique of predict-
ing the technological future with which TRW would
have to cope in the 20 years ahead.

Duiing the short initial meeting with each of the
group of experts (whose spare time had been prom-
ised), Don Pyke and 1 established the following
ground rules:

1. Each man was asked to list—independently—
these technical events which he felt might take place
between 1966 and 1985 and which would f.ave a sub-
stantial impact upon the current o potential product
lines of his group.

2. Each panelist was then asked to indicate, for each
event, & date by which he felt thers was a 50-percent
probability that the event would have occirred.

3. He was invited to consult freely with anyone
throughout the company, but his list of events would
contain only those which he thought would occur.

4. Although we recognized at that time that the
environment of the “uture would have a major impact
upon the directions which technology would take, we
had no accepted or official picture of that environment
to offer. We did supply each panel member with what
scanty data we had at hand, including a McGraw-Hill
economic forecas’, the results of the Helmer-Gordon
study, 8 “Time” magazine essay on the future, and a
“U.S. News and World Report”™ article blueprinting
the future United States. Beyond this, each person was
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advised to make his nwn assumptions concerning the
future environn.ent, excluding only all-out nuclear war.

About a month was allowed for the return of predic-
tions from all panelists. Event descriptions were edited,
combined, and grouped according t.. technologies, and
8 cross-indexe” first draft was returned to each panelist
with the requc« that he edit freely in areas of his own
expertise (1) defining events more ‘precisely, (2)
deleting, adding or otherwise modifying event de-
scriptions, and (3) indicating his own estimated date
of occurrence in case of disagreement with the dates
predicted. At this point, we should have knowr better
than to furnish dates, offering the opportunity to con-
cur or disasiree. Human nature being what it is resulted
in concurr:nce much more often than disagreement,
which requircs careful deliberation.

Comments of the panelists were carefully considered,
combined where appropriate, reworded as necessary,
and listed under 15 categories chosen empirically to
encompass all events. Events which could be included
in more than one category were placed ir: that category
through which the greatest impact upon TRW’s future
might be felt.

The result of our exercise was a 50-page booklet
covering 401 events and entitled, “A Probe of TRW’s
Future/The Next 20 Years.”

Figure IV-1 lists the 15 ureas under which events
were categorized. These relate to techi.ologies, sub-
systems, and systems of interest o TRW.

By way of illustration, I am going to quickly cover
figures which I presented to TEW’s 1966 management
conference. Fignre IV-2 lists 6 of the ever.ts which we
fel* would have a significant impact upon our automo-
tive group, which is the principal supplier of valves for
the United States, and furnishes chassis parts for auto-
tsobile manufacturers. Figure IV-3, IV-4, and IV-5
show the results for the other six groups. The lines indi-
cate the spread of dates estimated by all punelists, and
the median estimate is indicatzd by a dot. Where there
i no spread, artificial concurrence due to laziness on
the part of our pa.el members can probably b
sssumed. '

In figure IV-3 are some of the predicted events
which are certain to have an impact upon divisions in
cur electronios group. You will note that the nature
of the events predicted is compatible with the concen-
tration o this group upon components rather than up‘on
systems.

Figure IV-4 illustrates selected events which will
have a substantial irapact upon cur equipment group.
This group, as you will recall, produces equipment
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primarily for the aircraft, but also for the aerospace
and defense industries.

Figure IV-5 lists selected events which will have an
impact upon our systems group. As you may know, this
group cut its teeth on ballistic missile systems ard then
turned to spacecraft, participating in 90 percent of
U.S. space launches. At its inception 14 years ago, sales
were 100 percent software, They are now two-thirds
hardware. Recent software activities (part of the one-
third of sales re maining) inciude the study and design
of such civil systems as hospital systems, high.speed
ground transportation systems, economic land-use
studies, etc.

Upon compietion of Probe I, the exercise had caused
27 of TRW’s most creative engineers and scientistr —

_ and the additional technical people with whom they

had talked—to exténd their imaginations beyond the
specific demanding tasks of the moment. Not much
more had been accomplished.

In July of last yeer, I presented the results of cur
study at TRW’s annual management conference in
Vermont, using the figures which you have already
scen. The response was encouraging—12 copies of the
probe, which I had left on a table near the door, dis-
appeared immediately. Since that time, more than 400
copies of ‘our first probe have been distributed by
request throughout the corporation. A sanitized version
of the probe was prepared in response to requests from
our public relations group and from people in finance
as background material for discussions.

The climax in publicity came in an article which
appeared in “Business Week” for May, 1967. In that
article, we read in print for the first time that tech-
nological forecasting was a part of TRW’s long-range
planning effort. The probe hed been launched as an
official document for TRW.

"Don Pyke and | knew of the shortcomings of the
initial experiment:

1. There had been no forma! use made of the probe
in corperate or group planning.

2. Some very important areas were sparsely cov-
ered. These included iicroelect:onics and automotive
developments.

3. There were 'nany inconsistencies. Events were
predicted at dates which preceded other events that
were necessary for their completion.

An exercise is currently in process which is designed
to correct errors made in the first experiment. ‘The
results will be entitled “TRW’s Probe [I—A Guide to
Growth Threagh Technology.” Several improvements
have been made in t+ + thod used for this second

edition which will t more than fine tuning on
Probe I.
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1. It assumes a socioeconomic environment left to
the panelists in Probe I. That environment is the one
assumed for TRW’s 1975 Long-Range Plan.

2. It will focus on areas of prime interest to TRW,
however romantic and se-sational other possible spec-
ulations may seem.

3. Specialists will be concentrating on their spe-
cialties.

4. It will be extended into formal planning as prac-
tical.

5. It will involve members of TRW’s tectnical staff,
and, I hasten to add, sn a spare-time basis, Thinking
of the kind that is required here is not done at the
expense of current assignments, It is almost entirely the
result of off-campus thinking by people who are already
well acqueinted with their fields.

For figure IV-6, matrix for Probe 11, panelists have
been chosen to make predictions in eack of the 15
categories shown. The categories shown on the left were
chosen as a minimum number into which we could fit
the predictions of the panelists involved with Probe 1.
One or two categories have been added, and a few have
been combined. The rest of the chart illustrates the fact
that a matrix was used to identify areas of interest to
each of TRW's divisions. Where such interest was indi-
cated by group captains, one or more panelists were
chosen from that division. By this method, we are
hoping to involve each of TRW’s divisions and to
spread the word about Probe II, making it a part of
the planning of every division in the corporation.

This time, we are asking more penetrating questions.

As we now plan it, Probe I will be conducted in two
rounds plus a followup as required.

1. In round one, panel members have been asked
to list their forecast events on the form shown in IV-7.

Each event is to be weighed in accordance with the
factors shown. Desirability is to be considered from
the viewpoint of the customer. Accordingly, this rating
shculd reflect an estimate of the potentisl demand
which would indicate the importance of the event from
a marketing standpoint. Feasibility, on the other hand,
is to be considered from the viewpoint of the producer.
It should reflect an estimate of both the technical feasi-
bility and the difficulty likely to be encountered in pre-
requisite developments. Timing skould reflect both an
estimate of the date by which the probability is 0.5
that the event will have occurred and the degree of
uncertainty associated with that estimate; i.e., for that
date by which there is a reasonable chance that the
event may have accurred: p=0.2, and for that date by
which the event is almost certain to have occurred:
p=0.9.

60

2. In round two, each panel member will be pro-
vided with a list representing our composite of all pre-
dictions of his own panel plus those of other panels
which slso relate to his category. In this round, he will
be asked to evaluate all events with respect to the same
three factors as in round one. Self-consistency in the
list, particularly with respect to the order of anticipated
dates of occurrence, will be a primary objective.

3. In an informa! third round, resolution of differ-
ences of opinion will be sought. Subsequent atterapts to
resolve such differences, if necessary, will be conducted
on an individual basis.

Present plans call for the production of these items
(all of which will be labeled “TRW Private”) :

1. A series of monographs—one for each category
—for distribution to panelists involved and to TRW
employees concerned with a specific category. They
will contain a list of all events developed during our
probe which may have an impact upen TRW’s opera-
tion in that particular category.

2. Probe II—a documer? similar to its predecessor
(but more complete) in which each predicted eveat is

listed only once under that category in which the impact Y

upon TRW is likely to be the raost significant. Probe
11, as such, will be used principally by group executives
and their planners. For the convenience of these people,
predicted events will be indicated for group attention
in columns marked for that purpose.

We have still to deal with the problem that major
events to appear in Probe II will be of little use to
planners unless subdivided into more menageable units.
We found that Probe I was similar to a road map on
which caly the locations and names of large cities
appeared. The predicted events were so all-consiming
that TRW was unable to participate in them as a sole
developer and financier. The roadmaps containirg only
large cities needed further development. My industrious
assistant, Don Pyke, invented logic networks which
plotted the roads and intermediate cities with the help
of technical people acquainted with the areas in ques-
tion. Having the plots of intermediate cities of impor-
tance, or developments prerequisite to the final events,
engineers pointed out to Don that there were many
fallout products which should be considered. I look
upon these as intcresting little villages surrounding the
intermediate cities, and it is in just those villages that
TRW will probably find its greatest rewards. It is there
thai the food is grown which may find its way to the

-big cities.

By this tine, we had dubbed the charts with the
highways, intermediate cities and villages, “SOON
charts,” the word being an acronym for Sequence of
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Opportunities and Negatives for the company. We
decided to plot logic networks and SOON charts for a
couple of important examples. Qur first covered the
event, predicted to occur about 1972, “Holographic
techniques, utilizing two or three color lasers for re-

cording, and ordinary white light for viewing, will be

used to produce 3-D color movies.”

Figure IV-8 outlines the logic network for this
evert. We have tried to identify the sequence of devel-
opments which would have to precede the occurrence
of our event. Those in the upper part of the chart relate
to the development of lasers and pulsing technology.
The middle band traces developments required in pro-
duction techniques, while the lower part of the chart is
concerned with projection for small- and large-screen
viewing,

The next step as shown in ﬁguie IV-9 was to expand
the network to include the logical spin-offs whick might
be expected by way of corollary developments. For
example:

1. As a result of the develppment of techiniques for
achieving the desired mtens:ry and coherence of lasers
required to produce hologrﬁphlc movies, exploration
under water with green lasers and pattern recognition
technology will be enhanced; laser machining tech-
niques will be improved; and complex synthesis of
microcircuits may become more practical.

2. The development of appropriate pulsing tech-
niques should open a number of new possibilities in
stroboscopic applications; telemetry; and communi-
cations.

3. The development of recordmg media should lead
te improvements in: information storage capabilities;
filter and light technology; high-speed photography;
and text illustrations,

4. The development of techniques for the protection
of actors and viewers should contribute to defense
against Jaser weapons.

5. One can’t think of movies today ' without con-
sidering television, and a logical extension of the pre-
dicted event would suggest the possibility of 3-D color
holographic TV in the home. Before this can happen,
however, it would have to either (a) achieve the ability
to transmit information at a rate of approximately
2.5x10"2 bits per second, or (b) develop alternative
techniques which would eliminate the need for trans-

mission of redundant information. On this SOON
chart, the “N”, or negatives, are not identified as such.
They are the threats to current product lines

At the company’s Vermont conference in July of
this year, I presented SO0, charts related to develop-
ments required for the widespread availability of elec-
tric automobiles. The specific event was “New personal
and mass transportation vehicles powered by battery-
electric systems will be in common use by 1980.” The
negatives presented at that time were associated with

_the fact that clectric automobiles (except hybrids) will

use no valves. We are the leading producer of auto-
mobile valves in the United States. Thus, the electric
automobile poses a threat in that area, as it does in the
possible obsolescence of current suspension systems and
steering mechanisms, which we produce in volume.
There is another step which can be taken in SOON

" charting, namely, the production of what we call

Phase 11 SOON charts. These consist of the superposi-
tion of those portions of Phase I SOON charts related
to a specific technology. This should help identify the
key developments in that technology which are com-

mon to a number of final events, even though TRW

may have no interest in those events, per se. Back to
my analogy, though, the villages of interest are those
whose produce finds its way to several cities.

It is too early to assess merits and shortcomings of
Probe II. At the present time, however, we know that
enthusiasm is high among some 140 technical people
whom we have instructed not to neglect their day-to-
day job commitments in the course of imagining the

future. We don’t think that this will occur. In fact, we:

look upon technological forecasting as a very healthy
vision-extending exerrise which will place in context
the current activities of people engaged in the exercise.

In closing, I would be remiss if I were not to locate
our current effort in the framework of a corporate
planning effort. Figure IV-10 shows the locaidon of
our technological forecasting in the planning cycle,
with a little art work thrown in to show that it is a
chicken-and-egg proposition as claimed in the Lake
Placid conference presentation. If I were to choose one
egg whicl. had to precede the other thiee, I would pick
the one under the hen, entitled, “A desacription f prob-
able environment of the future.”. From there we can
complete the cycle clockwise,
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A FORECAST OF
THE SIGNIFICANT
TECHNICAL EVENTS
WHICH MAY BE
ANTICIPATED

A CLEAR AND
UNAMBIQUOUS.
STATEMENT OF

CORPORATE
OBJECTIVES

A DESCRIPTION
OF THE PROBABLE

ENVIRONMENT OF
THE FUTURE

THE R & D PLANNING CYCLE
OR WHICH CAME FIRST —
THE CHICKEN OR WHICH EGG?7?

-

A PROPERLY
ORIENTED LONG-
RANGE RESEARCH
AND DEVELOPMENT
PROGRAM

Ficurx IV-10.

, Dr. LinstoNe. | am a little concerned about your

- statoment essentially that the market analyais is done by
engineers. This puts the engineers in a superman cate-

gory on the entire job and particularly, of cour«s, there

are the nonengineering aspects of the environment, the

market and so0.on. Engineers have been wrong in the

past and 1 am a little hesitant to rely on them that

much. The other point is that the entire approach is

’ techoogy oriented. This is a ' technological forecast
i meeting so maybe you covered this part, the facilities
for planning and personnel development as a mix. By
1960 you may neod different mix of people, 80 you

don’t have to worry about this, corporate goals and the
facilities among other things. I am wondering: ls this
integrated and the other aspects being done in a com-
patible way 80 we can put this all together?

Dr. NorTH. 1 think we obviously have not done the
whole job. First, let me talk about the use of en\gineeu.
I think eveft marketing people are being chosen from
the ranks of technical people these days because of the
large technoiogical content. These eiiows can do a
pretty good job. Grastzd they have been wrong in the
past and they can be again.
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Dr. LINSTONE. I am less concerned aly(/)ut the market-
ing people than the economists and the sociologists.

Dr. NorTH. I think it is very important that we have
it in there. I doubt whether the economists and the
sociologists should make predictions with respect to
the technical events. They certainly should feed into
the background with respect to the socioeconomic
environment. The other comments are certainly valid,
that is, that more needs to go into decisions to proceed
than just the technical factors. Qur company is a little
different. We are highly decentralized so that each of
the four groups has its own problem and laws of re.
sponsibility and the screws are put down on them pretty
hard to meet their goals. Therefore, before they would
engage in anything—these are merely suggestions for
them—but we are counting on them to do their own
charting or use the information in any way they see
fit. If they are not using it, we will complain and say,
“You should be using this and here are some sugges-
tions to guide you.” It is going to be up to them to
introduce such things as markets, availability of plant
space, availability of engineers, plant workers, and
whe* have you. We are not trying to put those factors
into it. They will be parts of the business decisions
made in the selection.

Mr. FriepMan. Do you have any data, historical data
primarily, upon which you can base the validity of
your tech forecasting? For example, something you
might have thought of 5 years ago and today stop and
look at what happened?

Mr. NortH. No, it is too young. This is only a 2-
year-old project. I may not even want to come to the
meeting next year because they do so poorly, but I
don’t think it’s going to do that badly. We have seen
within this 2 years some things change. All of them
have been brought in closer, and all the changes we
think should be made now. I think people have found
in the past, who haven’t done things this way, that they
have been too conservative in their estimates, I have
no background figures on it.

Mr. FiepMaN. Do you have any iaformetion con-
cerning that which affected your forecast most, things
which perhaps suggested what you have forecast is not
exactly the rule? Was it economic within the
corporation?

Dr. NorTH. You mean things that brought it in
closer?

Mr. FriepMan. Yes.

Dr. NorrH. No. The things I was referring to were
the technological pace being greater than we thought.
I mentioned in passing the microelectronics in tele-
vision that costs have dropped much faster; prices have

dropped much faster than 1 would have predicted. I-

think that is the all-encompassing factor.

Mr. Friepman. Have you come up against a situation
where someone in the decisionmaking place in the
organization simply decided they did not want to put
money in a certain area which later turned out to be
or could have been profitable?

Dr. NorTH. Yes, very definitely. Not in connection
with a particular forecast, because it is just 2 years old,
but I have known many people in the corporation whe
have forecast “that is going to be a very promising
field.” Only last week, one of them :5ld me we would
have in that area instead of about $50 million sales,
$250 million sales and I think I believe him.

Major MaRTINO. I believe the experiment with the
use of the Delphi procedure you are now conducting is
the biggest in history. I know of one which was run
with a panel of a hundred people but youre is even
more complex in that you have apparently < little over
2 hundred people divided into several panels. I am
pleased to see that you are able to manage it with two
profesvionals part time and some administrative sup-
port. This is very interesiing from the standgpoint of &
number of other tests that I am aware of to sheck the
feasibility and the useability of a Jelphi method.
Dr. Dalkey may have some other information on the
size of the panels in the past, but to my knowledge this
is the largest that’s ever been run.

Dr. DaLkEey. This is, I believe, the largest study both
with respect to the number of participants and the
coraplexity of the kinds of questions and action that are
involved. I must say the most interesting statement you
made is when you went on from Probe 1 to Probe 2.
From the standpoint of this grocp, I think this is very
significant: that you didn’t find it expedient to quietly
forget it after Probe 1.

Dr. NorTH. Some people criticized us by saying,
“you haven’t vsed Probe 1 yet. Why are you going to
Probe 2?” My response was “I didn’t feel that the
foundation was sound enough because of the speed
with which we put through the first one, and it was
lacking in the most important areas where we needed
it.” I might add that I don’t think we are going to have
140 people in the end. There are many people who just
can’t meet deadlines then we say “forget it,” and if we
end with a hundred, I'll be happy, a hundred good
thoughtful inputs.

Dr. SrarxosnY. I couldn’t help but agree heartily
with Linstone, but in terms of economists and sociolo-
gists, I would like to pose the question very aimply.
Why did you only use engineers? I assume you have
other types available, systems analysts, scientists,
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physicists, mathematicians, who were not engineers,
who might irake better mixes between what is now
available in terms of bagic, and applied research and
would be available in the future. Engineers are no-
toricus for doing things the way they were taught in
school and doing the simvlest things as a matter of
fact. I am not as convinced that they are the ones who
have the best knowledge of basi~ research and applied
research in ascertaining and foreseeing the forefront.
That is my question.

Dr. Nortn. First, I iiclided scientists among engi-

neers; scientists and engineers are together. Secondly,
analysts in our company are engineers and t.iere are
a lot of system analysts included. We don’t have many
economists, per se, on our staff. There are a few and
they contributed through the socioeconomic back-
ground that is a preamble to our 1975 plan which we
are also using for this guide. I don’t think we’ve put
to bed all of the problems, or all the shortcomings.

Dr. DALkEY. I would like to ask a couple of ques-
tions about the timing of the exercise. In Probe 1 you
wound up with categorization of events and with the
logic network tying together those you did after the
Delphi part of the response. As I understand it was
done by a small group of analysts working with that
data

Dr. NorTH. The group is even smaller than that. The

" inputs we received from panelists were rather loose the

first time; some were unbelievably loose, such as, there
would be quite a few electric autcmobiles by this date.
Don Pyke and I tosk it upon ourselves to change that
to read whatever is read here. It would be & major
factor to the industry and will go as far as to say that
53 percent will be electric, but we sharpened it a good
deal and panelists in the second round did a further
sharpening job. The next step was cross-index fashion
s0 a man couid look at the portion he was best equipped
to handle— there were some 40 categories; not 15 as
here. Then when we had all the results we soid, “Isn’t
there a small number of categories in which we can put
all of these. we’re not going to charge them, we're
going to categorize them.” Don and I sat down and
worked up these first 15. We seemed to, by a little
shoe-horning, get the comments in one of them and we
talked to the people subsequent to this and they didn't
see any way—before this (probe 2), we asid, “Are
there any categories that we need in here?” Yes, there
were a couple to be added. As far as the logic network
is concernad, that didn't come until Probe 1 was com-
pleted; the early part of thi» vear, Probe 1 was com-
pleted last yeer.
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Dr. DaLxey. Secondly, do you intend to include in
Probe 2 any considerstion on the part of the re-
sponcents on a logic network? Are you going to let
that remain until after the responses?

Dr. Norrn. I think we will let it remain and not
cause the panelists to call out their pet project but let
the management exert some prerogative as to what they
may or may not be interested in.

Mr. CEtron. You have a forecest now, of what
would be feasible in technology. Now how do you
determine what you’re going to do, out of all these
possibilities?

Dr. NortH. I would say: that out of the total picture
which will be indexed for groups, group planners will
look it over and decide what they would like to detail
first. We will give them help in detailing. I should have
mentioned earlier I don’t think these SOON charts are
the only way of going about this, but people will have
different ways of looking into this. We will give them
help where they want it. If there are things they don’t
look at that they should have, we will do them our-
selves. The planning of the functions of a group,
company, or division is a function of opportunity as
well. For instance, we hope that some thought would
have bezn given before a person makes an acquisition,
let’s say, of a company that gets them into & whole rew
field. Is it really promising? Does it look promising?
This should be used there, but I think it will be up to
those people to use it as they see fit and we hope it will
give them some guidance. That's just where it stands
now: guidance to be vsed, if useful.

Mr. Irwin. A Ettle bit along that line. The chicken’

e i e vt At

and egg was very interesting to me because a couple of

times when ’ve gotten involved in getting the demo-
graphic population progression with an economic one.
We were always severely pressed by the men who
wanted to project economics for a population pro-
gression, so at the start we might base our own popula-
tion on his. I'm not completely familiar with the
procedures of the Mational Planning Associati ~ but
they seam to solve this by going around the circle once
or twice. My question would be: Is that a good way
to handle it? It doesn’t matter so much which part of
the circie you started but maybe you ought to make a
circuit or two,

Dr. Norri. I think that’s trie. Any corporation that
does this has pretty good ideas of what kinds of busi-
ness they are going to be in, so the top one is filled and
then you go around the circle or back up and realise
you don't have enough foundatior and then move back
to that, and a lot of that amounts to going around the
circle.
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Dr. Linstone has pioneered in devising an approach to forecasting, known as
Mirage, and has applied this technique iteratively over a series of years. With three
completed Mirage forecasts behind him, he is in an excellent position to discuss the
gituation of a forecaster who has to live in the time period he once made forecasts for.
His description of what he learned through these iterations of the Mirage procedure
should be of value to all forecasters.

—Editor
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THE MIRAGE STUDIES AND SOME IMPLICATIONS

Harold A. Linstone, Lockheed Aircroft Corp.

The requast to discuss the Mirage studies fills me
with considerable trepidation. Studies of this type are
part science and part art, I fear that analysis of such
studies is likelv to be as superfluous for those who
have the knack as it is inadequate for those who don't
have it.

Byron Johnson of the University of Colorado tells
the story of the philosopher troubled by a certain prob-
lem. In the years before psychedelic drugs become
common those desiring to expand the consciousness of
the mird were forced to rely on primitive substitutes—
still in faicly wide use—containing slcohol. One
philosopher imbibed freely of this primitive mind-
expanding drug. As he sat in solemn, but uasober,
reflection, he realized he had finally found the key to
the problem which bothered him. Fesrful that he might
forgoet, when sober, what had been so clear to him when
drunk, he wrote feverishly upca his tablet before
turning to bed to sleep it off.

The next moming, as he pulied himself out of the
fog, he realized so' -ething quite important had hap-
pened the night before, but he could not remernber
what it was. So, he struggled over from his bed to his
desk and there he found, written in his own somewhat
shaky scrawl, this pregnant sentence: “Think in other
categories.”

This is precisely the thrust of our effort in the
Mirage series.

In a corporation, each division invariably undertakes
planning studies of its owi. There are always tactics!
plans which tend to be dominated by: (a4} medium-
and short-range projections, and (b) extrapolation of
carrent lines of business or normal system improve-
ment cycles.

Strategic planning may occur at both the division
and corporate levels, or at the corporate level only,
depending on the degree of decentralization of the
organization and the size of the particular division.
This planning requires a long-range perspective and
must be concerned with meais to achieve the growth
and evolution set forth in the statement of objectives
of the corporation.

Stimulation of imaginative interaction between new
needs and naw technoingy is one 1aajor element in this
process. In other words, our thinking has “opened up”.
Sach endeavors should help identify “good risks” and
“poor risks” in a future environment characterized by
great uncertainty,

The timing of the studies has been as follows:

Subject

Performed  Peric?

Mirage 70 . 1959-60 1965-70
Mirage 75 e e e . 196364 1970-T5
Miruge 80 .. ... _. .. 196566 1975-80

Althvugh the studies exhibit differences in execu-
tion, their general approach and content is similar, The
MIRAGE 75 study also include a supplementary “mis-
sion flow chart approach originally developed by the
author at the Rand Corp. (B) This model was ex-
panded in a study performed at the request of the U.S.
Arnny Electronics Command in parallel with MIRAGE
an. (3

It sk uld be noted that Mirage 70 can be assessed
todav in hindsight: I: concentrated on the period in
which we are living today.

I commenting on these studies I shall view them in
toto.

I. GENERAL FEATURES

A. In-House Sponsorship.
All studies have been done with privaie funding.
The foremost advantage is thet complete objectivity

can be maintained in this manner. A disadvantage is
the unavailability «f much pertirent analysis data.
Mirage 80 was a cuc year effort with an average of
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15 technical people.! Obviously, a small organization
has neither the financial nor manpower resources to
undertake such a project on its own.

B. Orgunization.
The focal pvint of each study has been at the
corporate level.

In the case of Mirage 80, the study was authorized
by the president of our corporation and his staff at the
annual long-range planning meeting in 1965 and
reported at the same meeting in 1966.

Staffiing represents a major challenge and few
general guidelines can be provided.

Youth is an advantage—but brilliant young Rhodes
scholars are difficult to corral. In MiRAGE 70, the
oldest team member-—the author—was 35 years old.
The seven-man group had worked as u unit at the
corporate level for several years Lefore tackling this
project.

A disadvantage was the noninvolvement of the
divisions, making implementation of recommendations
difficult. For the larger Mirage 80 project, an ad hoc
team was formed and individuals from several divi-
sions participated. A small nucleus remained with the
project throughout the year but most participants were
with the study for a few months only. The group
worked physically tegether for only a limited time.
However, the deputy project leader, Dalimil Kybal, was
located on tne premises of the division furnishing the
largest lesel of support. There are also significant
advantages—and disadvantages—in using an ad hoc
group.

Advantages

® communication with, hence implementation by,
division is facilitated.

® little chance of staleness in succeeding versions
of study.

® wider basis of technical support by informally
tapping othar expertise in divisions.

‘This is by no means the largest in-kouse effort undertak . n by
a manufacturer. Minnespolis-Honevwell’'s Project Pattern, for
exaniple, included “20 full-tire technical personnel . . . plus
many outside corsuliants” at a cost of $300.000 (“Aviation
Feek” Dec. 28, 1964, p. 57).

Disadvantages

o difticulty in developing a cohesive team (desir-
able individuals often unavailable).

» scattered physical location of participants.

C. Contents

The chapter headings of Mirage 80 are representa-
tive of the content of all studies.

L. Introduction
I1. The World Environment of the Seventies
HI. Basic Needs
IV, Strategic Lift
V. Tactic al Operations
VI. Strategic Offense and Difense
VII. Conflict Management and Centrol
VIIL. NASA )
IX. Summary and Conclusions ,
X. Implications for Lockheed (sep-rately bound
volume for internal circulation only)

In addition, a total of 21 backup reports was
produced.

It is evident that the studies are restricted to national
securitv areas, i.e., DOD and NASA.

A schematic of the structure of the Mirage 80 study
sho-vs the logical relaticnships (figure V=13,

The stuldy of the environment (ch. I} focuses on the
widenins gap as the most crucial issue for the 1970-80
period. This leads to an emphasis of problems at the
extremes of the conflict spectrum:

(a) unsophisticated warfare involving the under-

developed areas.

{b) sublimated technological warfare involving the

sperpowers.?

The search for new concepts then leads to tie “de-
velopmeat force™ and “rapid activn control : 1 strike
fe-ce” (ch. 1IN,

The following four chapters (ch. IV-VII) consider
the operational needs and new technological possibili-
ties in the recognized military categories.

Chapter VIII takes up the NASA programs and the
summary and conclusions form chapter 1X. The stress
is on good rizks and on the crucial technological bottle-
necks in satisfying the needs for the 197080 period.

‘4 superpawer is defined as one having the capability of an.
nehilating anv other country.

Il. THE STUDY PROCEDURE

A. The Work Plan.

Figure V-2 shows the general work prozram of both
Miraze 80 and the parallel mission flow chart
.app'narh.

A kev feature was the development of hypotheses.

These were potential conclusions hammered out in
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early roundtable discussions on the basis of the needs
and technology nteractions. They then formed the
basis for analyvsis by small teams. Clearly, judg;‘nen!
had to be rxercised al every juncture to maintain geod

balance in the choice and allocation of resousices.
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B. The Analysis.

There was no single formal model or methodelogy
employed for the various hypotheses with exception of
the supplementary mission flow chart analysis de-
scribed below.

The reasons are twofold:

(1) no generally satisfactory model is known to us.

 (2) formalized procedures tend to constrain iree
interaction between needs and technology.

The second point requires amplification. Formalized
models cannot substitute for creativity. The morpho-
logical approach to new concept formulation, proposed
many years «go by F. Zwicky of the California Instiiute
of Technology, has proven ¢‘sappointing.

War gaming is a fine tool for teaching, or for gather-
ing data on, known tactics; it is rarely the source of
new ideas. Forr:alization tends to impose a certain
rigidity. Another problem with tuch models in tech-
nological forecasting and planning is the danger of
self-delusion. Dubious input combined with superfici-
ally complex models may ultimately be more misleading
than illuminating. Qur point is not that all such ap-
proaches are useless; rather, a technolagical forecasting
and/or planning effort should not be based on any one
such model no matter how sophisticated it appears.

Thus, we observe no uniformity in the tools for
analysis of the various hygotheses. A few examiples
from Mirage 80 will suffice to irdicate the diversity
of techniques.
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Example 1: Basic Force Needs—New Concept
Derivation.

The interaction of needs and technology in the
analysis of scenarios and derivation of concepts of
operation appropriate to the future environment is
facilitated by stipulating a varicty of artificial con-
straints. This is entirely analogous to the consideration
of alternatives +y President Kennedy’s “kitchen”
cabinet in the Cuban missile crisis. T. C. Soronsen
reports (4) that the President was presented not merely
with the conventional alternatives (1) do nothing, (2)
invasion, and (3) air strike, but with an ¢qual number
of unorthodox courses of action, (4) diplomatic pres-
sure, (5) secret approach to Castro, and (6) indirect
military action (blockade).

The imposition of constraints is an effective tech-
nique to avoid the familiar more of the same response
from the user and to elicit more imaginative concepts
from the technologist.?

It was found in Mirage 80 that two capabilities,
(a) rapid presence, and (b) control by neutralization
without destruction, are central to many scenario-re-
sponse combinations.

A list of neutralization concept candidates is shcwn
in table V-1.

Example 2: Implications of a New Mission.

() A rapid reaction control capability of the kind
mentioned in example 1 may prove useless if con-

81t is, for example, most unlikely that the U.S. response to a

Vietnam-type conflict situation in the 1970°s should—or will—
resemble the current response.

tingency planning cannot be performed with r;ompatible

speed. There is little need to consider a SAC-type strike
force response speed if the revision of a contingency
plan requires months, It is therefore necessary to study
the automation of planning. Figure V-3 illustrates the
result of one feasibility analysis. There is throughout
a conscious attempt to avoid the trap of considering a
new concept and ignoring the needs which it, in turn,
generates,*

(b)Land bairiers are indicated in table I as one of
the neutralization concepts. Two avenues are pursued.
First, a theoretical Lanchester-type analysis is per-
formed to determine the relation between cost of troops
in combination with a barrier and cost of troops alone,
to maintain equal degrees of permeability along a
certain line segment (see figs. V-4 and V-5).  Second,
the technology is explored and a rich lode of ideas is
struck, suggesting entirely new systems possibilities.

It is noted that there was at the time (1965) no sign
of the very visible interest in this subject which is
currently displayed.

Example 3: Strategic Offense/Defense—An Option
Matrizx.

 The problem of China as an nth country leads to a
most difficult analysis problem, As Herman Kahn has
pointed out, list making can be a useful tool even where
quantitative analysis is not possible. Figure V-6 shows
the matrix of nth country and U.S. alternatives. This

$The search for interactions between new capabilities and new
needs leads to other areas of vital concern, e.g., “hiding tech-
noloyy.”

Tasix V-1.—Some Neutralization Cuncepts.

Effect Means
1. Military oparational capability:
Inhibit mobility ... Create land harriers (see VA3), force

down zircraft, incapacitate ar nals
and vehicles (BW/CW), stop ship
movement (e.g., antipropeller de-
vices), jam navigation or guidance
systems, and choke vehicular en-
gines.

Prevent resupply ... By sbove means, plus deep raids and
guerrilla warfare,

Disrupt command and Jam communications, kidnap leaders,

contm! capability. and destroy radio equipment (e.g.,

CW against electrical wiring).

Ieolate (e.g. separate Creste land barviers (sec VA3), jem

two hoetile forves).  comi.umications, and quarsatine.
Prevest covent Destroy natu.zl cover by fire or other
operstions. means and marking of personnel.
Weakan will to ight Temporary incapacitation by nom-
(incleding lethal BW/CW (e g, LSD and pey-
pocifoation). chological warfare.

Effect Means
Capture or dismantle Deep raids.
materiel (e.g.,
nuclear weapons).

2. Population &nd governments:
Disrupt governmental Kidnap or asassinate leaders and
control. guerrilla warfare.

Weaken will to fight.  See item 1, guerrilla activation, and
communications control.

Weaken economy. ... ... Blockade and embargo.

31 Natural resources:

Animal and fish .. . Alter ecology by local climate rndi-
fication or introduction o1 new
species, and alter breeding pattern.

Agriculture Divert irrigation water temporurily.

Energy .. Capture dams and incapacitate porrer
lines, refineries.

Minersls Disrupt mining withsut incuring

permanent damage.
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.AUTOMATION OF MILITARY OPERATIONS PLANNING

1004

A. CURRENT PRACTICE AT MOST COMMANDS

70

B. CURRENT PRACTICE AT SELECTED COMMANDS

20 20

60

TECHNOLOGICAL CAPABILITY

D. PREDICTED 1975

MANUAL

COMPUTER ASSISTED

. SEMI-AUTOMATIC
. AUTOMATIC

Frounz V-3

matrix has so far defied solution. It hes not been pos-
sibls to determine a good way for the United States to
divide any given budget among the available rlterna-
tives in light of the threst uncertainties, although it is
eviden. thet there are good and poor mixes of U.S.
options.

On the other hand, the United States-Soviet strategic

76

offense/defense trade-offs to 1980 have been subjected
to detailed quantitative analysis.
Fxarpl- 4- St utegic Lifs.
The steps in the analysis process in this case are r.
follows.
Ste» v.—Review of Mirage 70 and 75 anslyses and
DOD program in this ares.
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THEORETICAL BORDER SEALING OPERATION

J
1/3
’
/
.TROOPS & BARRIER
COSTS cosT |
!.0
COST- TROOPS ALONE
/
7 1.0
TROOP REQUIREMENT - TROOPS ALONE
TROOPS
%gz/lo

ITROOP REQUIREMENT-TROOPS & BARRIER

Ficowe V-5.

We observe in Mirage 70 (1969) : (F)

It is a paradox that weakness in a prosvic ares—transport—
may drastically cuctail tht entire U.S. limited war capability in
1965-70.

This is compared with post-1961 changes in DOD
planning for this field.®

Step 2.—Development of hypotheses.

The impact of authorized new systems in the pust-
1970 period is considered. The family of scenarios aad
new force concepts in the environment and basic needs
discussion sre aseeseed in terms of lift req:ivements.

‘An indication is provided in the pullisned Fouwse Armed
Services Commitiee Reports: Airlift!sealift forces budg-t in
dillisas - dollars:

Ongirul fscel year 62 0.9
Final fiscal yeor 6212
Fiscal yewr 63_ 14 Fiscal year 67 15
Fiscel yoar 6413 Fiscal year 68 16

Thus we find that currens spending is ebout “0%, sbove the

sriginel fscel yeur 1961 budget.

™

Fseal vom~ 65 15
Fisc.!! year 66 1.6

For example, the rapid action control 1ad strike frroe
must perform unique tasks. The most likely bottle-
necks in deployment for the post-1970 period are
estimated. These migh: be in the form of software or
hardwere, taciics or S0P's. aircralt or ships, iapid
deployinent or strady state lift. The result is the form-
uletion of hvpotheses involving a noval operational
concept ir ;3pid dep’ syment.

Step 5.—Analysis.

Considzrutie quantitative analysis is poesitle in this
problem. A typical analysis concerrs the corpa-izon
of the wew rapid deployment modes with known one
{¢. g.. mariner ships, C-5A, pre-posi:ioning ). Supgvra
a 100,0G0-ton deployment 15 an irland area in comtry
X is to be accomplished with a closure .i-ne of 3 d-.y8
ot less. Which modi: represents the lowest sust system?
Recugnition is given tc the fact that certain ase wp-
tions hsve a critical impact ou the resclt. For examphs,
the practicability of land pro-positioning and the sliow-
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FPxoes V-4

able poacetime carning power of the military transport
sircraft have a very significant effect. Next, the closure
time is reduced to 20 days and 10 days. The results may
be depicted as in figure V-7. Sensitivity of the results
s then chacked.

Step 4 —The implicstions of the results are con-
sidered. Changes in other parts of tho total lift system

may be necessary to make the preferred alternative
meaningful. Examples: Cargo handling, comprehensive
logistics control system.
Other sxamples of tools which have been used:
® Historical trends: Ratio of initiel opposing
ground forces and its relation to battle out-

9

v el ey




*L-A TN Y

NQ NH_ m ﬁ _ 07 + U\
X NOISSIN
| ! |
., 0l + U 404
n < n m_ " IRINIA01430
Q 4 m < sfiep 1

sumuoiyisodald pue
“u m_wb %_uz> mm__» M 1amod Suiused ‘NOILJIINSSY

awijaaead
(Sunesado ieak g+ wawaimaosd)

S3ALLYNY3L1VY 1S0D 1SIMOT
- L4177 J1931VvdlS




e . S I

come; relation between mobility, firepower,
and dispersion in past ground wars.

® Simulation of tactical operations: Armor—
antiarmor combat (assault and defense, direct
and indirect fire support).

® Decision diagrams: Graphic means to show
indifference points in decision alternatives with
major uncertainties.

® Program analysis: Analysis of programming
under uncertainty with determination of de-
cisior timetable which permits maximum
flexibility in future choices (e.g., NASA
programs plan),

In the final assessment, two factors are of overriding
importance: judgment and quality of the analysis. A
Rand-type “murder board” provides a most desirable
review technique for the various component studies.

C. The Mission Flow Chart Analysis.

The supplerentary apprcach grew out of the dif-
ficulty (1962) in coming to grips with needs for
general-purpose forces. In this field every system can
perform many tasks and every mission can be per-
formed in many ways. Further, in any given mission
the glamorous systems tend to receive major attention
while the most crucial bottlenecks may be in small, un-
glamorous phases of the mission.

The approach is summarized in figure V-8. On the
basis of the environmental analysis a hierarchy of
missions is defined. The scenario suggests alternative
concepts of operation; concepts lead te sirategic leve:
missions and these to operations missions; finally, we
are led to support or besic service missions.

After the hierarchy is developed an anatomical flow
chart is created for each mission. The chart shovs {a)
the alternative means or systems for performing the
mission step-by-step. and (b) the location of major
weaknesses in any of the systems. The general structure
of a flow chart is shown in figure V-9 and the cor-
responding detailed chart is reproduced in figure V--10.
Columns of =ach chart indicate the sequential activities
while the rows represent alternative approaches.

Problem areas are indicated by vertically written
comments superimposed on the functional flow lines.
Those problem areas conside.ed most critical to the
mission performance are furtner emphasized by cn
closing the vertical s~omments by arrows.

It is found that the most incisive results are obtained
when the analyst deduces the initial version of the chart
structure without extensive prior externai inr. .i. The
analyst can intuit rather complex chsrts, even in fields

he has not previously been close to, by calling on his

general systems experience. After development of the’

general outlines of the chart, standard source material
is consulted. The chart-drawing exerciss forces the
analyst to think hard about the mission under study,
frees him from standardized approaches in a given
field, and acts as an organizing tool.® Following this
step, experts are consulted (1) to pinpoint the crucial
weaknesses and (2) to indicate new alternatives made
possible by technological achievemeits. At this stage,
the relative weakness ranking within a mission is inde-
pendent of the need of the corresponding mission
itself.” In general, a weakness that cuts across all
alternatives for performing the mission will rank high.

Weaknesses will vary in nature according to mission
level. Those at the highest level pertain primarily tc
policy; those at low levels involve both hardware
(e. g., lack of equipment) and software (e. g., obsolete
standard operating procedures).

The charts greatly fscilitate and stimnlate the dis-
cussions and the interaction between the technologist
and user or needs analyst. They act as a provocateur
for brainstorming purposes, keep the discussion
focused, and assure that weaknesses are not confined
to the glamor items. Not infrequently, after several
iterations, the final version of the chart and its crucial
weaknesses yields significant surprises.

if a relative ranking of weaknesses is desired the
following steps are follow«d:

(a) relate the missions at one level to those at the
adjacent levels by means of relevance numbers.

{b) assign weights to ail scenarios in the conflict
spectrunm..

(¢) cembine the values in (a) and (b) 7. obtain
mission need values {or aii missions.

(d) rank the c:ucial weaknesses in each mission
flow char.

¢) combine the values in (¢) and (d) to obtain
relative overall weakness values.

Table V-2 shows a sample ranking of mission (c)
at each of the three levels and for three different
scenarin weigitings (b),

*itis thi< not unlike Helmer's contextual map (“Soria’ Tech-
nolngy,” Bas.. Baok-, 1966, p. 15).

"The ranking may depena, however. on whic . portion of the
s;ectrum the mission is 10 be used with. Tius weakness ¥, may
be cracial for all lox intensity conflict scenarics dut rot for uny
high intensity sce.arios. A division of ihe scemerio spectrum
into subsets is ;herelore nisumed, and the rormalized weah _ss
weights o . specifie ' ath reference to the applicadle scenario
sabzects.
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RANKING OF MISSION IMPORTANCE

LAt

™ i
Situati !
Mission Catoegory Situations g
Case I Casc Il Case IlI
Strategic Missions Emergency Neutralization Emergency
preparedness (population and preparedness
Neutralization government) Strategic warfare .
(population and Counterinsurgency
government) Peacetime techni~ :
R cal as:istance ®
° Emergency .
cdness
. prepar ®
¢ ®
.
- e
Op~rations Missions | Barriers Barriers Barriers
Neutralization Neutralization Defense of
(military opera- (military opera- natural resources :
tions capability tions capability
and natural and natural :
resources) resources) i
Destruction of Destruction of Destruction of
ground targets ground tarzats ground targets {
(by air and (by air and (by air and
ground action) ground action) ground action) i
1
'y ° 'Y ;
© ' °
® ° °
Service Missions Combast surveil- Combat surveil- Communications
lance anfl lance anfi Combat survoil-
rcconnaissance reconnaissance lance and
Communications Communications reconnsissance
Target acquisition | Target xcquisition Target acquisition
Intratheater Intratheater Electronic warfare
mobility mobility
'y ® °
° ° .
' ° ®
TasLz V-2

It is also interesting to group the weaknesses accord-  DOD include Joint Chicfs of Stafl, Labs, thester com-
ing to the vurious ievels of authority that should be  manders, etc. Figures V-11 and V-12 suggest the con-
oncerned with the problem and its solution. Levels in  tent of the problem »nd solution matrix. (7)
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<

o

Actlvity
Authority

GROUND COMBAT

<

FIELD LEVEL | Problem (%ategory: (BS) Lack of special capability

Problem: Most currently available barrier devices are
destructive in nature; aensor barriers are not

emphasized enough
Mission Chart Reference: Chart 3. 10
Impact Level: Important in low and medium level warfare

Solution Reference: See Matrix below N

> =

o

S

Ficure V-11.—Problem Matrix.

Activity
Authority

GROUND COMBAT

“ithe ground troops

DEPARTMENTAL |New inierservice doctrine will be required if cxtensive
LEVEL use of barriers is to be made. For example, special
coordination will be required between the air sower and

LEVEL
support capability

FIELD Special field tactics must be devised to expleit barriers,
e.g., the relation of sensor barriers to indirect fire

SYSTEMS Sensor barriers must be coordinated into overall sur-
PLANNERS veillance and perimeter defense systems
LABORATORY Research on sensor barriers shouid be emphasized
LEVEL

Ficure V-12.—Solution Metrix.

il. SOME COMMENTS

A. The Forcing Function—Need or Technology?

It was noted that we stressed the early interaction
of needs and technology. We find here a classical
chicken-and-egg argument. Which comes first—the
need or the technology?

Quinn, in the “Harvard Business Review”, (8} states:
“Clearly perceived demand—not excess technological
capacity-—tends to be the primary force stimuleting
technological change. In fact, a technology is only
utilized if it responds to a need.”

Project Hindsight states: (9)

86

If we identify. the events which were motivated by a
clearly perceived DOD need, we soe that they add up to
95 percent of all events. ... It becams clear early in the
study that technological innovatiun was highly corre-
lated with need-recognition.

The problem is with the terms “clearly perceived
demand” and “clearly perceived DOD need.” They
can prove quite misleading. Perception of a new need is
not a dramatic peak in a flat landscspe. In 1939 the
U.S. War Department clearly perceived the need for
tanks but not for stomic bombs. On the basis of re-
search advances in nuclear physics, it was the tech-
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nological community which suggested the need for
atomic bombs.

Clear perception of a need by the user usually occurs
years after the ideas are first proposed and discussed.
The initial impetus may come from either technology
or nead (fig. V-13).

Imagination must be stressed on the needs as well as
on the technology side. Several years ago an issue of
the U.S. Naval Institute Proceedings ® was devoted to
a series of articles on the Navy of the 1970’s. Inter-
spersed in this issue was a set of artists’ conceptions of
new naval systems for this period provided by the
Martin Co. It is curious but significant that we find no
relation whatsoever between the pictures and the text.
Whereas the former are highly imaginative technologi-
cally, the discussion of needs is conservative and never
refers to the illustrated concepts.

In 1961, I was invited to participate in the Army’s
annasl national strategy seminar at Carlisle Barracks,
Pa. There were more than 10 teams of officers com-
pleting their term papers on & national strategy for
1971. To my amazement, the significant differences
between these effcrts were in such items as numbers of
U.S. divisions in Europe (e.g., five or six divisions in
1971).

Part of the difficuity stems from the education
system. Just as the civilian schools are slow to adjust
to changing needs (e.g., obsolete engineering curricula)
so military schools are slow to alter their curricula to
place proper emphasis on material suitable to the
future environment in which the graduates will operate.
Today’s academies still consider wars between near
equals, characteristic of the period 1800-1945 (e.g.,
Napoleonic Wars, World Wars I and II), as the norm.
For the period of the seventies and cighties this seems
strange indeed. We observe that in the last 3 years the
world has witnessed over 1,000 days of unconventional
war and 6 days of conventional war.

Another source is the traditional appreach of the
State Department which does not tend to encourage the
kind of research on future worlds done, for example,
by Herman Kahn's Hudson Institute.

The unsophisticated warfare involving the under-
developed aress is not likely to restrict itself  ihe
guerrilla warfare now familiar in South Vietnam. A
sea of poor surrounding a few islands of prosperity
will develop other means. There are already some clues.
Example: the recent Soviet-Chinese border incidents
along the Amur River—thousands of unarmed Chinese
poasants forced at (Chinese) gunpoint to cross into
Soviet territory. (10)

* Janveary I;&.

Military response also faces the complicating factor
that the poor world has a 2 : 1 population advantage
over the rich world and by 1980 will have a 3 : 1 edge.
On the other hand, we see that in Vietnam a 300,000
enemy force (including 60,000 North Vietnamese
troops) are tying down 1,200,000 U.S./RVN troops. A
ratio of 10 : 1 or even 15:1 may be necessary for
military victory—a necessary, but not sufficient, con-
dition for total victory. The United States simply does
not have ths manpower resources to invest and a citizen
army may be unavailable for Vietnamtype military
duty in this period, Reliance for strictly military tasks
may have to be placed on an elite professional army.

It matters littie whether technology or need provides
the original spark. But it matters very much that an
imaginative and continuing dialogue between the user
and technologist be assured so that we do not find
ourselves with future technology to satisfy a current
(but not future) need.

The problem of planning a balanced growth for an
underdeveloped country system without the stresses
and temporary reverses which produce mass revolu-
tions is today largely unsolved. It is hoped that this
challenge can be met by social technology if the
massive U.S. intellectual resources are hrought to bear
on it. The point is that the bottleneck is on the tech-
nology—not the reed—side.

(b) The very rich versus the rich.

The widening gap between the United States and
the Soviet Union as well as Western Europe in lae
1970-80 period suggests two alternatives to European
or Soviet long-range planners:

(1) Passive—One may wait for the historically
inevitable reversal of this widening gap. The pattern
of exponential growth followed by saturation, so
familiar to biologists and technological forecasters,
seems to apply to nations as well as to cells and
technological improvements.

(2)  Active—Mirage 80 considers the possibility
of a close tie between the Soviet Union and several
major West European countries. This could lead to
“isolation and decline of the United States by severe
economic competition in Europs, Asis, Africa, and
Latin America. It would constitute a unique way to
negate the widening lead of the United States.” (13)
This approa.ii may be described as strategic economic
warfare against the United States.

It is evident that here, too, there is first and fore-
most a requirement to marshal our resources towards
social technology to address this potentially serious
threat.
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These two examples suffice to illustrate the impending
bottleneck on the technology side. As if this were not
enough, we must add that the entire gap problem is
gravely exacerbated by the inevitable widening gap in
commaunication as the societies grow apart. Eff-ctive
i-allistic missile defense against a Soviet threat was
enunciated as » clearly perceived need almost a decade
ago but hard science technology could not develop an
adequate solution. We now face an even more serious
challenge to find answers in social technology.

B. A Crucial Weakness: Social Technology.

Our own analysis of needs points to a rapidly grow-
ing dilemma. The new needs pose requirements on
social technology ® which we may be incapable of meet-
ing due to lack of requisite advances in the social
sciences.

1 shall illustrate this with two examples from
Mirage 80, both related to the most salient char-
acteristic of the 197080 period the widening gap
(se0e fig. V-14).

(a) The rich vs. the poor. In Mirage 80, page 15,
we read:

A strictly military response in any conflict involving the under-
developed countries is st best a palliative. Without a massive
attack on the underlying problems, even a decitive military vic-
tory may lead 10 an equally decisive final defeat (e.g., Algeria).

The 30 plus advanced countries have the scientific and tech-
nological resources potentially adequate to alleviate the social,
political, and economic causes of unrest in the 90 plus under-

*A term popularized by Olaf Helmer (cf. “Social Technology,”
Basic Books, 1966).
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developed countries, However, the pres:nt and planned efforts
to spply these resources are entirely inadequate to forestall
widespread violent upheaval®

We are not simply talking here about larger funding
of AID and Alliance for Progress programs or about
conscientious native reformers. More massive assistance
and rapid improvements may simply increase the
violence.

There are striking clues: (a) In the dozen years after
the death of Louis XIV, French trade increased nearly
100 million livres—there followed the French Revolu-
tion. (b) The Russian econnmy sxperienced rapid
growth in the period 1895-1913 (e.g., exports 5.5
rubles per capita 1895-99, 9.1 in 1910-13—there
followed the Russian Revolution. (11) (c) Violence in
our ghettos has come herd on the heels of the mor*
dramatic progress in civil rights legislation in 50
years.

The outstanding research by I. K. and R. L. Feiera-
bend (12) and W. W. Conroe on 84 countries for the
period 1948-62 clearly supports the hypothesis that—

The faster the rate of change in the modernization process

within any giver society, the higher the level of political insta-
bility wtihin that society.

“The world is spending over 8150 billion per year on military
estabilshments; the transfer of resources from developed to
underdeviopd countries is $6-38 billion per year. There is, in
addition, the time element: simple calculation shows that it
takes a country with 8100 GNP per capita and 6 percent growth
rate 88 years to catch up with a $3,000 GNP per capiia country
growing at only 2 perceni.
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Mr. FriepMaN. One thing that prompted us was
bnsed on needs, not technology. Technology was de-
veloped as a result of needs, I will fortify that by this
statement. The Germans were developing A-bombs and
if we didn’t, we would be in trouble. Therefore, as a
resuit of the need, it was a triggering factor and had
more of an impact towards getting action; that’s what
I am talking about. It is true that later it becomes hazy
and difficult to determine where the beginning point
lies.

Mr. CETRON. Is there a near orientation or a tech-
nological feasibility? Aren’t they made up of both
parts? Even the A-bombs are part of both.

Dr. LinsToNE. Looking through forecasting, a clearly
percieved need, not innate technological change. This
was from Professor Quinn, If we ident:fy the events
thut were motivated by clearly perceived need, they
weculd add up to 95 percent of all events. Early in the
study the technological innovation was correlated with
need recognition. What do you mean by clearly per-
ceived need? This is a critical question where one can
get into a tremendous number of arguments.

Dr. Eser. You should change needs to deficiencies.

Dr. LinsToNE. I want to be careful about future de-
ficiencies, not necessarily current deficiencies. We came
up with 10 years as a solution to the problem. There
will be other problems of deficiencies. In Vietnam, at a
manpower ratio of 4 to 1 over the enemy, we still have
problems. Past experience indicates it ought to be
10 to 1 for success. I don’t think anything has happened
in Vietnam to disprove this ratio.

Colonel Luke. I'm trying to figure out that chart. I
see the little underdeveloped countries and China and
it is on record that we are going to spend $5 billion
because of something done by a country which has a
$150 per capita income. We have Vietnam and don’t
know how to solve the problems, It seems you c2n have
this but in the context of combat, to the people of the
world, it doesn’t mean & thing. We may be richer but
we are not necessarily smarter.

Dr. LINsTONE. That’s right. The fact that the ghetto
problem, for example, surprised so many people. Why
do we have the riots right after the biggest improve-
ment in civil rights legisiation in 50 years? There was
rapid improvement in many past prerevolutionary
periods. You say we are not any smarter but this paper
is important because we are beginning to learn some-
thing. First, it is quite apparent we don't just spend
money in these areas and expect to close this gap. Even
if we could get Congress to sppropriate it, it would be
a foolish way to spend the money. We are just begin-
ning to understand the interactions and what causes

the revolutions. It’s only in the last 12 months that
things have been published on the problems that have
been involving us for a long time. The importance of
looking into the system comes in gaining understanding
and that is the firit step to solution. The reason for the
theory in one paper is: When you get an improvement,
hopes go up and people assume this is going to continue
but you have an unbalanced growth, then their ex-
pectations are upset and this becomes what is called
the revolutionary gap.

Dr. Jounston. This appears to be an example of
technology creating need, because in many countries
they have advanced far enough so that every peasant
family is going to have a transistor radio, bicycle, boat,
and even TV. The point is they have found this gap;
see it; are aware of it, even though they can’t under-
stand this kind of chart. Their notion of wanting a
Mustang 10 years after they got bicycles is important
to understand, and they think more about transistors
than hunger.

Dr. LINEsTONE. When you begin a curve and essen-
tially have to take off at a point—that’s when your
aspirations are high. Further research may contradict
it but this seems to be central. Coming up with the
crucial needs of the seventies is the thing that needs
number 1 priority.

Mr. IRwIN. I was interested in whether you have
plugged age-distribution analysis into this type of
thinking ?

Dr. LinsToNE. No, we have not. This is a very simple
curve, the GNP per capita type of thing. We have to
consider for China. the impact of changes and assump-
tions for instance population control, 1 percent per year
growth instead of 2 percent. We contradict Professor
Fuller because it is impossible to see China indust:ial-
ized, as he said, in 1975. Even if they get good ece-
nomic growth and strong population control, they are
still under the $300 level.

Mr. Irwin. The point is the last 20 years have seen
the most dramatic changes in age distribution, prob-
ably in the history of the world, by enormnous levels.
For instance, the Japan situation. There is a negative
side to this and comment was the Jepanese have over-
done it rapidly by lowering the birth rate, and druined
themselves of voung people which has had a serious
effect on the whole industrial system and the way
peopie think. The slternative age implications, in those
two population assumptions, are enoriious. You are
going to have a huge mass of young people or few.
The impact cf military and government employment,
the Air Force, has created s tremendous impact on the
age distribution in the State of New Mexico and there
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are so many children in the 5- and 10-year-old groups.
I imagine I will find they are having problems with
schools and other things. I’'m thinking in terms of very
general psychology, if you will, mass psychology. The
population—how it is changed by these alternative
shifts and the relative number of people in different
ages.

Mr. CeTron. How can we solve these problems with
inadequate social technology?

Dr. LinsToNE. We have done & study of Sudan due
to the unpleasantness last year. In order to study trans-
portation we had to look at the entire national planning
and the entire economy. It is like climate control.
People used to make tremendous technological fore-
casts in the 1950’s: How to retard evaporation and
make Florida more pleasant? Then it occurred to
people: What will happen to the vegetation if this is
changed? You have to know what you are doing here
as well as in climatology and in these different coun-
tries. You don't understand the interactions well
enough so that when you make a change it is a con-
trolled change. An article I read—I think was in the
“Columbia Business Review,” by Pincus from Rand,
pointed out that the most effective assistance has been
given where the countries have been small. Taiwan is
an example. I suspect one reason is that it is easy to
understand where to put the money in a small country,
a smaller problem than India. We'll see what nappens
on the research. The social structure has a system:
Where do you put the money and the technology? This
business, as Dr. Johnston pointed out, about creating
problems with technology and creating revolution by
the assistance which in many cases we tend to do.

Mr. CeTRON. Something came up in a meeting about
4 months ago and I think it had a great bearing. Gen-
eral Marshall said the war in Vietnam is going to be a
long war in the wrong place at the wrong time—we all
agree with this. A briefing was given the Marine Corps
and Colonel Vaughn, we asked him, Where would you
like to fight least? He said, “The war in Detroit is the
one | would like to fight least.” Naturally, anyone with
any brains is at least smart enough to know you'll fight
the war you are not prepared for, or the one you want
to fight least and what you are really doing in all your
Mirage is using an old adage of “least regrets.” Where
do I lose least? If you are not building a capability.

Dr. Linstone. The point is that you have to do the
planning. In this country it is certainly possible to have
a balanced capability. lsn't this what our military
friends constantly thought about, having a balanced
force, so you won't have any particular weakness? An
enemy will look for weak spots but, what must be done
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is to make every spot equally unattractive. We have
superior resources to look into these problems. In long-
range military documents you see the need for address-
ing these. But some of this doesn't get implemented; it
isn't attractive. Unfortunately, in some way it is like
the problem that President Eisenhower talked sbout:
That neither military nor industry find it particularly
attractive at this stage. It may be, as Professor Fuller
alludes to all kinds of possibilities, Imagination is all
we are trying to stimulate and in a sense, in a small
group like this, we shouldn’t be—there should be other
groups far superior in addressing the military. What
always strikes me is when I gave the actual Mirage
briefing, 1 say “these are new missions that we have
considered.” 1 asked, What are thc new missions? What
are the new kinds of things you want to do? And you
get a blank stare. I'm not saying these are correct
missions but things to look into and it looks like there
ought to be significant departures from the current
ones.

Mr. CetroN. How do you know you can get so many
things in? Red China sent all the people across the
border and if they kept walking until they reach Viet-
nam, what would we do with them? You can’t put that
up as a mission. Yet the problems involved could be
horrible.

Dr. LinstoNE. We have this barrier problem because
very often you want to stop large masses of people from
moving. You need a different approach from past tradi-
tional approaches to the whole barrier concept. We are
making some beginnings in Vietnam. It iz a different
order of sophistication in the thinking of the subject
and the China problem. You just can’t handle or forget
about the Chineze masses.

Dr. Ctiacko. You feel there should be adequacies in
social technologies. I was trying to find the latest word.
You referred to an article and all I could gather was
there is a gap between the expectation and the realiza-
tion. Is this the extent of the report?

Dr. LinsToNE. The other phase of having it stay st a
fairly moderate pace doesn’t have the crash program
funding approach it deserves. We are doing a lot in
Thailand in having anthropologists there and people
who are soft science technologists, rescarchers. You
can't solve this if you don't know the interactions. Let
me give you an example from a U.S. Office of Education
study made recently. What would be the right way for
legislatures to spei.d more money in depressed aress?
An obvious technological view is build attractive school
buildings so the children would like to go to school.
Somebody else would point out, reduce the teacher-
student ratio so cach student gets more attention. In
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this pathbresking ctudy, both factors were minor in
significance, bt the one key issue was the attitude
toward education in the honie and everything paled to

insigoincanzce in comparison. This in a sense is re-

search. When you want to spend money every problem
at the presesi: time is quite a shock to & number of
people recommending expenditures for new school
buildings. It came as quite a shock to the legislature in
Californis. In the underdeveloped areas we have an
obvious gap. We've got to understand the problem
better than we do at present in order to come up with a
technological approach. There are the quick-fix solu-
tions “Yes, we've got some technology. Let’s give every-
body a TV set, modern bathrooms, and so on, to make
them happy.” But this would be disastrous because
putting money in the wrong way gets you into more
trouble than you were to start with.

Major Swert. I am intrigued with what you are
saying. We ran a study similar to Delphi except we
sorted for problems instead of solutions. The problem
is identifying future Air Force missions, It boils down
to a demand problem which is the same phenomena
you are calling needs versus technology. The demand
side of the equation rests ultimately on the theory of
utility, human values, human needs, attitudes; the
areas that are nominaily covered by the social sciences.
The supply side: Technology, aircraft capability, et
cefera, rests on the hard sciences. For our purpose, the
areas most relevant were the least developed and the
least relevant were the most developed. On social tech-
nology, it might be correct to say that technology is
based on a science and the present status of the social
sciences makes it a matually contradictory term. The
requirement for our purpose is philosophy-of-science-
type basic research and especially the concept of utility.

Dr. SLaAFxosky. | am interested in one aspect of the
technique used with the Mirage. You implied this was
primarily your in-house people who were part and par-
cel to this. What association did you have with the
military ? Were there retired military working with you
and how was the military side brought in? The reason
I am asking is not that they should dictate anything
but I have a feeling that your engineers and personnel
may not be as familiar with military operations as thev
might be required to be to do this work.

Dr. Linstone. Let me give an illustrution of what

happened during the time | was at Rand. We asked the
Marine Corpe, when we were working on the flow chart
concept and gave them 16 scenarios, to do one for 10,
5, 15 years ahead. not a 6-month’s scenario. They con-
sented to come up with the responses for each scenario,
and what happened. The results were very disappoint-

ing. The returns were always the same familiar ap-
proach. It isn’t just the Marine Corps, our retired mili-
tary are the same,

Dr. SLAFKosky. Wher! I was involved with the CNA
(Center for Naval Analyses) on a study, there is a
broadening just in the Navy Department, in terms of
having officcrs do this. CNA has available approxi-
mately 80 Navy officers who are parceled to each study
the CNA does. They are actually in-house workmen.
Marines also have their allotment. This study was
started some time around 1960 or 1961 and finished in
1963. I am {amiliar with the reluctance to do th*: kind
of thing. I think this would be more widely recognized
on the part of the military, certainly those of us con-
cerned with studies from the civilian side working with
the military to open these doors, considerably, and 1
am sure they are being opened. I suggest that it may
be a new way of getting some military people. You
have enough military people to help you and they
would not make it official in any sense of the word.
The idea of an ~perational concept doesn’t need official
sanction. All you need is to be aware, which not only
makes your study worthwhile, but more attractive to
the military side.

Dr. LinsToNE. There was an issue of the Naval Insti-
tute Proceedings in 1963 or 1964 which was very symp-
tomatic. It was strange indeed, There was a whole issue
devoted to the Navy in the seventies including articles
by admirals. The most imaginative one was a Marine
Corps article by Colonel Saxton. In the same issue were
illustrations of new concepts provided by the Martin
Co.—and the interesting thing about it was there was
absoiutely no relation whatsoever between the new and
interesting technological ideas and the entire written
material. [ say it is symptomatic, because this is the
kind of things we were up against.

Major MarTINO. Another problem mentioned during
your talk was that the work on United States-Soviet
nuclear interchange had been studied with a great deal
of precision,

Dr. LinstonE. Compared to the limited war, it was
an earlier analytical problem.

Major MarTino. In many problem areas which have
been intensively studied, T find a phenomenon best
described as irbreeding, where a stuuv becomes an
art form like the modern detective novel. There is a
certain way to write a detective novel and if you depart
from the standard form readers won't like it and the
same thing tends to happen in areas that are studied
intensively by the same pecple.

Dr. Lixstoxe. The modelitis problem, in the Mirage
70, we studied intensively with an entirely different
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group cf people and a different approach, and they
stood up well. We ace happy to use those results. They
are still quite reasonable. You are correct. The in-
breeding is to be avoided. We did not use the same
techniques as Rand, but the emphasis was on the iction,
reaction, and counteraction. We got it to what we
called technological warfare. We went right to 1980
to our scientists and said, “We have a multiple inter-
action here; as a scientist, what do you think can be
done on both sides” and as we go to this point, the
1580 point, you get into a set of alternatives for de-
fensive action, offensive strategies and so on, and when
you are through make semsitivity checks and realize
certain conclusions you can draw. I admit the inbreed.
ing problem is always there. It was quite a problem and
1 don’t know if we were entirely successful tearing them
loose from that kind of orientation. There are bound
to be traces of parochialism.

Dr. LinsToNE. We learned another lesson in Mirage
70 on this. For example, we made strong statements
about guerilla war in 1959 and 1960. Two and a half
years later people asked us about the feasibility of
starting a little guerilla warfare laboratory. By then,
any possible advantages you might have gotten were
los:. Evervone is a prophet except in your own house.
It always looks better when an outsider says exactly
the same thing. The only reason for the difference be-
tween DOD studies and our study was we were not paid
by DOD money and were really interested in seeing the
outcome. We learned a lesson from the first study and
this is an advantage of having people from the division
take part in the study. The doers are more closely tied
in with the corporate office and not working in an ivory
tower. Actions have been taken by the divisions very
much in li:: of the recciamendations. We can see the
evidence. There are a number of areas where things
have not been done but w+ don't expect a perisct bat-
ting average. Obviously, the divisions have an option.
I agree, if you do this it is your responsibility to be
able to communicate, and if you can't, don’t blame the
boss for not understanding and not taking action. We
have one advantage—we briefed a study for the plan-
ning meeting a year after receiving the go-ahead, to the
top level of the corporation including the chairman of
the board. About 2 months later, at a regular staff
meeting the president made it a point to ask what we
were doing about this. He didn't say “Are we imple-
menting evervthing?” He said, “What is being done?
What are the divisins doing?” We had to have a com.
mittee of vice presidents in a couple of the areas where
we were making recommendations for the corporation.
After the study was completed, they formed a council of
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vice presidents to look into what was being done and
as we look at these 10-years plans we see there has been
an impact. It has been particularly strong in a couple
small divisione, because they don’t have the opportunity
to do this themselves. They used our st.dy in orienting
their resources or research resources. Definite actions
have been taken in the large divisions. Cne recommen-
dation had nothing to do with anything military. The
only recommendation was to completely operate in the
system in-house capability in your own organisation.

Colonel Vaucus. I was on a Marine Corps long-
range study panel. It was formed in 1963 as an ad hoc
group by our commandant who gave us a charter to
look at where the Marine Corps wants to be in 1985;
he said take a look in the future and come up with
some ideas, examine everything, and it poesibly might
be revolutionary, Those were his exact words “poseibly
revolutionary.” He made ‘the headlines shortly after-
wards for his idea of sending a battalion of marines by
rocket anywhere in the world in 45 minutes and has
concluded that by 1985, it was technologically feasible
but not practical. They came up with the Marine Corps
of 1985 document which was a concept. From the con-
cept they derived certain objectives which was the start
of the long-range planning process. I might say as an
aside, in looking over the history of what has happened
in the past 414 years, it appears there has been a tre-
mendously increased interest in long-range thought.
A few years ago long-range was thought to be 5, 6 or
7 years—later up to 10 and has jumped to 20. The
Army has gone up 25. Dr. Helmer and Mr. Gordon
from Rand go even further. It is spreading throughout
the entire United States, but one thing of particular
interest-—informally discussing this document and
came up with the concept calied 1985 which was pro-
duced about 1960. How often should we do this and
how often do we want inputs? One of the prime inputs
was the Syracuse University Research Corp. The
Marine Corps actually got the contract. { believe it is
used as a basic document by a great many people called.
“The World in 1985: Technological and Environmental
Forecast.”” Dr. Linstone you mentioned that Lockheed
has a 10-year plan, on & 10-year basis, and | was won-
dering how often this is revised and then, if it is not
proprietary. Since you have gone through this Mirage
cycle several times, do you have any feelings on how
often it should be revised? Do you have any comments
on whether the same group of people should be used
over and over again or are you getiinz this inbreeding
process?

Dr. Linstone. | think the biggest sdvantage of this
kind of center corporate ofice—this kind of Mirage
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study and having people from the division—is at least
inbreeding in terms of a long-range planning group, is
minimised. Basically it is a help if you use a different
group the next time except possibly one or two for their
experience. There tends to be kind of a defensive atri-
tude from the group that did it first; it isn’t going o
completely contradict itself the next time. It is like a
comedian who has had a TV show for a long time where
there is a limited number of jokes and routines, and
you huve exploited them in one study. You just have to
get another routine. The 10-year plan is a fairly recent
inrovation which is required as an annual document
and is still being revised. It's an evolutionary process
in a sense, the first tims it was a very poor document,
the next time it was better, and the third time around
butter yet. 1 say poor because people don™ take into
account the uncertainties and problems. We are begin-
ning, and I am very deeply involved, in trying to im.
prove our own operstion. We are using systems analysis
now to look inward rathe: than outward. If it is good
encugh for McNamara, why don’t we use some of these
tools in our decisionmuking. For example, there has
been the risk analysis which I might say the serospace
industry has not been a leader in—it’s been outside the
aerospace: risk analysis; decision trees, cll these kinds
of things, all these kinds of tools that we are beginning
to nuse. Some amusing and some serious. For the first
time some of the results were used by our management.
We weren't happy with this 10-year plan, for example,
they came up with certain goals and essentially filled
in the business to reach these goals. We asked the
question: Isa’t it true you have to aim for a much

higher level of Lusiness if you are going o get the
level you are talking sbout? You know you're not
going to be successful in everything you do. The ques-
tion is: What is your range of certainty? How much
do you have to aim for in order to get a reasonable
likelihood of getting what you are after? This shocked
people a little. Then we asked, What is the impact of
one area on another? For exsmple, if you do Project
A, does this increase your probability of doing Project
B and so on? I think Dr. North indicated something
similar in TRW work. They were 1.’ ‘~tant to do this
but we are getting better each time, | might say.
Regarding the substance of a 10-year plan, the varia-
tion from year to year is important but at this stage I
don’t think it is the key element. What is important is
an exercise and each is a trial run and we will give an
improved set of instructions each year.

Colonel VAUCHN. Your mirages were spaced—Mirage
70 came in 1959 and 1960 and then 1963, 1964. 1965
and 1966. You're out 14 years in the last one. Where
do you think is your peak? How far out do you want
to go?

Dr. Linstone. I'in not particularly concerned about
going too much farther out at this point. Within a
couple of years we might want to look up to 1985 but
at the moment it is not the redoing of the Mirage study
that is the problem but finding the technology. I suspect
if we did it over again now, the results would not be
much different. In a sense, the problem is mre: you
better suggest some answers than state the problems
again.

Dr. Johnston's paper looks at a specialized aspect of demogrephy, namely the
forecasting of the labor force. The Department of Labor has been involved in this
effort for many years, and has developed an approach to their tasx which has a
number of aspects that might be of value to forecasters in other subject areas.

— Editor

&

——

i i . T

PRV 3




LONG RANGE PROJECTIONS OF LABOR FORCE*

Denis F. Johnston, Bureau of Labor 3)afisilcs, U.S. Department of Labor

I. SELECTED TECHNIQUES OF PROJECTION

One of the more intuitively appealing ways to discuss
techniques of projection is, of course, to range them
from simple to complex. Such a ranking is a sensible
pedagogical device, but it is not without its dangers.
The simplest techniques, when applied to projections,
are commonly labeled “naive” while the more complex
approaches come to be regarded, at least by implica-
tion, as sophisticated. While the users of such terms
might deny any pejorstive intent, the connotation that
it is bad to be naive 1s inescapable. When econometri-
cians refer to a projection as naive, they mean that it
has been developed without a theoretical grasp of the
underlying mechanism. As we shall see, extrapolative
techniques are typically naive in this sense. However,
the term is still unfortunate, particularly in view of the
fact that the superiority of the sophisticated techniques
is by no means clearly established either in economics
or demography, at least according to such conventional
criteria as the accuracy of the results. We shall there-
fore refer to simple and complex techniques, with the
admonition that true sophistication consists in knowing
when to use each of the available techniques.

The most simple projective technique is to assume no
change over the period of the projection, from the
time of the last observation. Such a forecast (since it
provides no range of values, it is, ‘u effect, a forecast)
is of course among the least likely 10 materialize, since
the occurrence of some change is surely one of the most
dependable of expectations, Where change is $0-gradual
as to be insignificant over short periods, a forecast of
constancy is of course perfectly defensible, but such
circumstances are rare indeed.

Next in simplicity is a projection {forecast) obtained

*This paper contains the major part of a study carried out by
the writer during fiscal year 1967 under the provisivuis of the
Department of Labor Career Service Award program. The opin-
fons, int~-pretations, and conclusions expressed herein are those
of the author, and do not necessarily vepresent the views—offi-
cial or unofficial-—of the Department of Labor or the Bureau of
Labor Statistics. '

by assuming the same direction and amount of change
over the projection period as occurred over an equiva-
lent period in the past, up to tie date or lsuse line from
which the projection exterds. Oy this simple technique,
if the labor force increased by 12 millions between year
x—10 and year z, it will be projected to increase by
12 million between year x and year x+4-10. Although
this technique at least recognizes a time trend, the rate
of change that it implicitly assumes is of a very par-
ticular and implausible nature—one that decreases
regularly through time with the increase in the size of
the base, such that the amount of increase (or change)
in each period remains constant.

The next degree in complexity is introduced by as-
suming a constant rate of change over thc projection
period. This technique, like the one preceding, requires
as a minimum two observations in the past, from which
an average rate of change can be computed. By retain-
ing a constant rate of change, this technique yields
changes of gradually changing inagnitude as the size
of the base changes through time. This is perhaps the
simplest technique enjoying any degree of verisimili-
tude. Among human populations, rates of change re-
lating to many social and cconomic phenomena do
remain approximately constant over considerab'e peri-
ods of time, particularly if we ignore minor Huctua-
tions. As we have noted, the above techniques are
typically employed in obtaining forecasts. However,
such forecasts can readily be modified from point to
interval predictions by the simple expedient of intro-
ducing a range of error or probable variation around -
the specific forecast values. Where such simple tech-
niques are called for, however, an assumed range of
probable variation could only be arvived at by guess-
work. :

Somewhat more complicated to carry out are the
extrapolative techniques which involve superimposing
a curve of some kind (of which a straight line is of
course a limiting case) on a time series of observations,
deriving the forecast by reading off the curve where it

97




et o i L

intersects the time axis at each forecast date.’ Since
most time series show some fluctuation in either or
both the magnitude and direction of chenges between
successive observations, any curve-fitting technigue en-
tails some kind of averaging or smoothing of these
finctuations. The conventional procedure is to fit a line
of Jeast squares or one of its variants through the given
sevies of observations, reading the forecast from the
extrapolated line in the usual manner. When & set of
projections (or range of forecasts) is esired, it is
sometimes possible to fit such lines through the peaks
and the troughs of the given chservations, thus ob-
taining a high and u low series surrourding the basic
extrapolation. Unfortunately, if the amplitude of the
fluctuations in the given time series is changing through
time (i.e., if the data are heteroscedastic) this proce-
dure will yielid absurd results,

In fitting turves to any time series, the iechrician
must seek a trade-off between a curve of higher order
which closely fpf\lows the fluctuations in the observed
series and one which. averages out these fluctuations in
order :o provide a mare straightforward forecast. The
more simple curves (including the straight line as a
limiting case) are commonly favored intuitively. They
can also be defended on theoretical grounds, insofar as
the fluctuations in a time series can be attributed to
irregular changes, sampling variability, the occirrence
of random shocks, and the like, all of which would
tend, in the longrun, to cancel each other out. Hence a
smoothing procedu-e which, in effect, accomplishes this
cancellation by an averaging process is sensible. Pro-
jections derived from higher-order curves which at-
tempt to capture some of these fluctuations involve the
more questionable assumption that the pattern of fluc-
tuations observed over a finite segment of past time
will be repeated duriny a finite future time period.

Time series relating to social or economic phe-
nomena commonly reveal a strong cyclical pattern, or
else the operation of such a cycle may be assumed on
theoretical grounds. In such cases, the technician may
wish to employ a higher-order curve which reflects the
cycle and carries it forward through time. This usage

*There is considerablc literature relating to the fitting of expo-
unential, loyistic, and similar curves to time series of data on
aggregate population size 10 obtain projections of total popula-
tion for different future items. A detailed summary of earlier
efforts in this area is Joseph J. Spengler (186). For a critical
review by one of the rediscoverers of the logistic curve, see
Lowell J. Reed (150). More recent anaiyses of the problems of
population projection, tempered by the sobering experiences of
the 1930"s and 1940's, include Harold F. Do (46), John Hajnal
(81), and John V. Grauman (45). For a balanced summary of
current developments in the field, see Grauman (66).
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represents the most legidmate emplovment «f curve-
fitting techniques to obtain extrapclations for projec-
tion. Unfortunately, theories supporting the existence
of cycles in the field of manpower analysis are ty pically
too general in their formulation to provide specific
guidelines as to the type and phasing of the cycles
which may be operative? Meanwhile, extrapolative
techniques typically suffer from an absence of theoreti-
cal underpinning, and thus represent little more than
the assumption that the future will be an extension of
past trends.

For the technician, these curve-fitting extrapolative
techniques offer the sole advantage of being quick and
easy to smploy, and readily defensible, at least in a
superficial sense, given the usual “ceteris paribus”
clause. However, he can learn very little either from
forecasts which prove to be accurate or from those
which fall wide of the mark, since his efforts are not
based upon a theoretical grasp of the underlying
mechanisms in operation. For the policymaker, on the
other hand, these simpler techniques can provide a very
‘useful chack on the reasonableness or plausibility of
prejections derived from more complicated procedures.
The basic difficulty with any extrapolative technique is
ite inability to forecast structural changes which may
modify past trends quite drastically. The central prob-
lem in long-range projection is therefore that of devel-
oping an understanding of the dynamics underlying
structural changes so as to determine the likelihood
that such changes will occur over the forecast period.
A theory which could take account of these underlying
factors in a systemacic fashion would provide a power-
ful tool for purposes of projection.?

A promising extension of extrapolative techniques is
the technique .of cohort analysis.* This technique can
best be illustrated in terms of population projections,
where it has already proven its worth as a substitute
for more conventional techniques of projection. In ex-
trapolating the size of a population group by conven-
tional methods, successive observations over time of
the size of each particular age-sex gronp are obtained.

*Significant progress has been made in this area. See Simon
Kuznets (102) and, more recently, Richard A. Easterlin (48).
Easterlin’s more extensive work on this subject, entitled “Popu-
lation, Labor Force, and Long Swings in Economic Growth—
The American Experience,” is forthcoming.

*On this issue, see V. Lewis Bassie (7) and Rex F. Daly (36).

‘A useful summary of the application of cohort analyais in
projecting the fertility of a population is provided by Jacob S.
Siegel et al. (171), pp. 12-23. The technique is also described
in Pascal K. Whelpton (200). Pioneering work in this aréa in-
cludes the study by Whelpton (201) and by Nerman B. Ryder
(157). For a detailed cvaluation of the cohort-fertility method
of population projection, see Whelpton et al (202).
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From this time series, a measure of its average rate of
change over the base period is obtained and applied to
the latest available estimate to yield a projection for
the desired date in the future. Since the age-sex cate-
gory to which the successive observations relate remains
fixed throughout the base period, the actual population
observed at each point in time is changing constantly.
In contrast, a cohort analysis involves successive ob-
servations of the same population group (or cohort)
as it passes through time. For example, the number of
persons aged 10 to 14 iu 1940 is linked with the num-
ber 15 to 19 in 1945, 20 to 24 in 1950, etc.® The
ohvious advantage of cohort analysis as & source of
trends to be used for projection is that each cohort
eeries represents the actual historical experience of a
specific group of people with respect to the parameter
being estimated. This provides greater theuretical justi-
fication for the assumption that past trends will con-
tinue into the future.

The principle disadvantage of this technique is that
it requires a great deal of historical data of comparabie
quality with observations at frequent intervals. Decen-
nial census data are generally unsatisfactory for this
purpose, since they yield observations only at 10-year
intervals. However, it is possible that useful data might
be obtained from a series of annual-average observa-
tions of the current population survey, classified by
single years of age, provided that the sampling vari-
ability of such disaggregated data would not be pro-
hibitively large.

The experierce gained by demographers in cohort
analysis during the past 15 years should serve as a
warning against its uncritical application in areas
where the available data are less adequate than in the
field of population, where its use has given rise to a
number of problems despite the apparent wealth of
available data. Nevertheless, with the improvement in
both the quality and quantity of data that might be
expected in the future, techniques of cohort analysis
offer great potentiality for the development of improved
projections in a number of areas related to population,
including labor force.’

*A “birth-cohort” or “age-cohort” is a group of persons born
within a specified time interval {usually 1 or 5 years). Simi-
larly, a marriage-cohort, often used in the analysis of trends in
fertility, is & group of women married within a specified time
interval. The term “cohort” usually refers to a birth-cohort,
unless otherwise specified.

*Exploratory research in this direction has been undertaken
by Dr. Malcolm S. Cohen of the Bureau of Labor Statistics.

"Quite apart from its use in projections, cohort analysis pro-
vides information of great interest in historical studies, where it
is inherently superior to period analysis in delineating the actual
historical experience of a group of persons. Examples of studies

The techniques employed in short-range economic
forecasting offer a wider range of approaches than any
other area of forecasting. Furthermore, the preponder-
ance of effort in forecasting, particularly in the United
States, has besn expended in this field. Therefore, a
review of these techniques, aimed at assessing their
potential applicability to long-range forecasting, pro-
vides a useful supplement to the techniques discussed
so far.® In one of the best critical summaries of these
techniques, Roos distinguishes five approaches: ®
“naive,” “leading indexes,” “comparative pressures,”
“opinion polls,” and “econometrics.” The naive tech-
niques as outlined by Roos are essentially those inat
have just been surnmarized, with the addition of cycli-
cal or harmonic analysis of deviations from trend and
the use of autocorrelation functions. Cyclical or har-
monic analysis aims at removing the effects of cyclical
fluctuations from a given time series, so that a cleaner
description of the basic trend can be obtained for pur-
poses or extrapolation.l® Autocorrelation functions pro-
vide a means of projecting a given series by correlating
it with itself at selected points in the past.

Without trying to defend the use of naive extrapola-
tive techniques in forecasting, Roos does recognize one
reason for their persistent employment, besides the
advantages of simplicity and speed: they turn out to be
correct more often than not, for the simple reason that
over the shortrun, persistence of a given trend is more
common than reversals of trend. Hence the sophisti-
cated forecaster may well prefer the naive technique,
insofar as his performance is measared by the ratio
of his successes to his failures. Unfortunately, it is
precisely the reversals that most concern the policy-
maker, and such techniques are useless ia forecasting
reversals,

The method of leading indexes involves a search for
data or some combination of data in the form of an
index whose fluctuations through time regularly pre-
cede those of the series to be projected. It is not difficult
t~ provide examples of this kind of precedence in the
realms of economic activity and in population dy-
namics as well. For examples, new orders precede ship-
ment of goods, shipments precede sales and earnings,

nsing cohort analvsis in hoth senses include James M. Beshers
(12) and Karl Taeuber (190). For a critical comparison of
cohort-fertility and parity-progression methods in projesting
fertility, see Donald S. Akers (3).

*Useful summaries of these techniques are provided in Crox-
ton and Cowden (35), and in Ferber and Verdoom (53).

*Charles F. Roos (153). For an earlier discussion of extra-
polative techniques, see Albert G. Hart (85), pp. 78-82.

**This is effected in labor force projections by using season-
ally adjusted data in their development.- -
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an upsurge in marriages precedes a rise in births which
in turn precedes a rise in school enrollments, etc. In
practice, however, such indexes are of limited value
becauce the period of the forecast is necessarily limited
to the length of the timelag between the last observation
relating to the leading index and the corresponding
successive observation on the series being projected.
In general, the longer the timelag between the leading
index and the variable being forecast, the less precise
is the ascociation between them. On the other hand, if
the timelag is short, it may not be much longer than
the delay in reporting the last observation on the com-
ponents of the leading index. In other words, by the
time the forecaster has obtained the latest data relating
to his leading index, much of the period over whic . he
can safely project may have elapsed. This technique is
useful, however, in the development of target projec-
tions, wherein one or more dependent variables are
projecied by means of their association with a selected
independent variable whose future values have been
projected separately. For example, given a hypothetical
projection of the gross national product, it is possible
to derive projections of growth in the several sectors
of the economy.

The method of comparative pressures implies a some-
what greater theoretical grasp of the processes govern-
ing changes in the series being pr. ‘ected. Examples in
the field of economic forecasting, as given by Roos,
include the use of trends in the ratio of inventory to
sales, production to capacity, now orders to shipments,
and inventory to new orders.!'! Comparsble examples
in the field of labor force analysis are not easy to vis-
ualize. Trends in the ratio of school enrollments to new
labor force entrants might be of some value in short-
range labor force projections, but the former are largely
a function of population size, at least in the United
States. Thus, this technique is not promising for labor
force projections so long as no simple stimulus-response
mechanism can be found to rule over significant seg-
ments of the population of working age.1?

The hope that better forecasts might be developed
on the basis of opinion polling has motivated their
recurrent use, and the accompanying literature has been

®Roos op. cit., pp. 3791,
#The application of the additional worker theory in forecast-

“ing labor force growth under stipulated conditions of unemploy-

ment would belong under this rubric, insofar as the growth of
the labor force was pradicated on some assumed ratio of addi-
tional workers to unemployed workers. Such methods have had
only limited success to date, because of the difficulty of separat-
ing the additional worker effect from & hos: of other factors
wiich operate simultaneously to encourage or discourage labor
force participation among the more marginal workers.
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enlivened by considerable controversy. The fundamen-
tal idea, of course, is that the behavioral scientist
should avail himself of the unique opportunity afforded
him by the fact that those whose behavior he studies
are capable of rational action and can communicate
their plans and intentions to the observer or inter-
viewer. For the forecaster, the obvious course is to se-

lect a sample of actors or agents in the area of concern, .

obtain from them information as to their intentions,
and develop his forecast on the basis of this informa-
tion. The usefulness of this approach in the area of
labor force participation has vet to be tested, although
information collected on reasons why persons are not
working or looking for work does provide some insight
into the circumstances under which such individuals
might become active workers. While this approach
might be of some value in developing short-range fore-
casts, such as forecasting the retirement decisions of
older workers, it is of doubtful value for purposes of
long-range projection.

Roos’ criticism of opinion polling as a technique of
economié forecasting takes a different turn. He argues
that because the expressed intentions of most business-
men (and, a fortiori, of m’ost‘consumers) are formu-
lated by naive extrapolations of trends and are greatly
influenced by strong bandwagon effects, any sampling
of these intentions is likely to yield results closely
similar to those obtained by neive extrapolation. In
addition, the strong dominance of trer:ds observed over
the period immediately preceding the time at which
the forecast is prepared makes it highly unlikely that
this technique could reveal a turning point in advance
of its occurrence. On the other hand, where a band-
wagon effect becomes dominant over current trends,
the resultant forecast is quite likely to predict a false
reversal.!8 ‘

The experience gained in surveys of establishments
whereby information is obtained on anticipated em-
ployment neds casts further doubt on the utility of this
technique as a means of developing reliabie forecasts.
In his study of the employment forecast survey in
Canada, Hartle concludes that these surveys cannot be
expected to provide a suitable basis for reliable fore-
casts of employment.!* His findings reveal that a num-
ber of ingenious efforts to improve the forecasting
reliability of the data obtained in these surveys proved
unavailing. For example, eﬂorts; aimed at eliciting more

“Roos op. cit., pp- 381-386. Thé central problem here, as

with most opinion polling techniques, is that expert or carefully
1ormulated views tend to be submerged in an averaging process
which is heavily weighted by the larger mass of inexper: . pinion.

“Douglas G. Hartle (86), pp. 93 and 105ff.
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careful responses were not successful. Most schedules
are filled out hastily, and often by persons well below
the decisionmaking levels in their organizations. Also
unsuccessful were attempts to adjust the responses to
take account of art apparent seascnal factor in the re-
ported intentions of the establishments surveyed.
Hartle’s analysis of the individual forecasts of par-
ticular establishments showed that they were actually
less accurate, on the whole, than they would have been
had they been derived by simple extrapolation of past
trends. Furthermore, these forecasts were characterized
by the same regressive feature noted in an earlier study
by Ferber—i.e., a pronounced tendency to forecast
reversals of trend in employment.'® Hartle is unwilling
to end his analysis on a negative note, and suggests
instead that information on employers’ forecasts of
employment might be incorporated into a larger model,
rather than being used to project employment directly.
The use of econometric techniques in the preparation
of projections, forecasts, and predictions is a very large
topic in itself. The term “econometric” refers to a com-
bination of economic theory, quantitative economic
data, and mathematical-statistical tools of analysis.
This definition at once suggests certain limitations in
the applicability of econometrics to labor force analysis
or labor force projections, insofar as the labor force
activities or proclivities of a population cannot be fully
subsumed under a scheme of economic determinism.
However, it does have great potential for fruitful appli-
cation in labor force analysis inasmuch as it becomes
possible to incorporate measures of appropriate be-
havioristic variables into the econometric equations.
Broadly conceived, econometric techniques comprise
an even wider spectrnm of approaches than those dis-
cussed up to now, ranging from simple regressions to
highly complex models and model systems. Econometric
techniques cannot therefore be distinguished by reason
of complexity. What characterizes these techniques is
the systematic integration of quantitatively expressed
economic theory, the methods of mathematical statistics,
and data in the forin of quantitative measures or
indices of economic phenomena. The theory is the
source of the models that are constructed; the data
*Hartle’s study revealed that over a 3-year period, 388 manu-
facturing establishments experienced about 1,700 individual
turning points, while predicting over 3,000 of them. (Hartle,
Ibid., p. 102) The earlier study cited by Hartle is Robert
Ferber, “The Railroad Shippers’ Forecasts” (1953). An excel-
lent collection of articles on the uses and limitations of data on
expectations is Mary Jean Bowman, ed. (15). More recent
studies include Franco Modigliani and Kalman J. Cohen (133)
and Andrew S. Ozga (145). For a careful review of the pre-

dictive value of consumers’ attitude surveys, see Eva Mueller
40).

provide their content and thereby provide the crucial
linkage between theory and empirical reality; the sta-
tistical techniques permit the expression of the postu-
lated relationships in testable form—typically as equa-
tions to be solved. A basic requirement in all
econometric procedures is the detailed explication of
the assumptions and procedures adopted in a given
operation. Hence the strong reliance upon quantitative
expressions and measurements of relevant variables.!®
Insofar as forecasting or prediction is concerned, the
basic requirements of the econometric approach are
readily set forth, The difficulties commonly encountered
in trying to fulfill these requirements are not so easily
summarized.!” According to Christ, the equations used
in econometric analysis should have the following prop-
erties: relevance, simplicity, theoretical consistency, ex-
planatory power, accurate coefficients, and forecasting
or predictive ability.!® Relevance means that these equa-
tions must have a direct bearing on a significant prob-
lem. Simplicity means workability—i.e., the equation
system must be amenable to manipulation and must be
comprehensible. Theoretical consistency means that the
relations postulated by the theory muat not be contra-
dicted by those expressed in the equations. Explanatory
power means relevance to actual phenomena, as re-
flected in available data. Accuracy of coefficients means
measurability within a finite range of variability.
Finally, predictive ability means the ability to generate
accurate forecasts with the given equations. Christ
makes it perfectly clear that the latter objective cannot
be attained unless the former requirements are met.
The implications of these requirements for the prob-
lem of projection can be brought into focus in terms
of Christ’s useful distinction between forecasts (pre-
dictions) designed to guide the policymaker and those
designed to test hypotheses.!® A forecast is most fruitful

®An elementary introduction to econometric techniques is
Michael J. Brennan (18). Three works which place particular
emphasis on the practical techniques of economic forecasting
are Henri Theil (194, 195) and Robert G. Brown (21). A re-
cent, somewhat advanced presentation of the statistical methods
being developed to cope with econometric problems is E. Malin-
vaud (117). An excellent and somewhat more general treat-
ment of econometrics is Carl F. Christ (26).

" As noted earlier, most econometricians use the terms *“fore-
cast” and “prediction” synonymously. Both Christ and Theil
use either term in relationr to stztements about behavior which
has not yet been observed (although it may have occurred in the
past). In the English translation of his work, Maiinvaud uses
the term “prediction” exclusively.

"“Christ op. cit., pp. 4ff.

®Christ, Ibid., p. 293. Christ repeats Pigou's apt phraseology
here, distinguishing Letween forecasts which are designed to
yield fruit and those which aim to yield light. Compare Knowles
(99),p.7.
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to the policymaker if it is conditional upon variables
whose values reflect alternative policies or which can
be affected in predetermined ways by such policies.

, Idul!y, such forecasts, granted the inévitable ceteris

paribus cavest, will tell the policymaker that the adop-
tion- of policy A is likely to produce condition X, B
will yield Y, etc. These forecasts must also extend far
enough into the future to allow the consequences of
given policies to work themselves out, and to allow the
policymaker some freedom of decision.

The needs of enlightenment in hypcthesis testing are
somewhat less restrictive, since forecasts which extend
only from an earlier past period to one in the more
recent past frequently afford highly useful tests of
specific hypotheses as well as complete models. Never-
theless, confi-mation or disconfirmation of an hypo-
thesis in the light of purely historical data is seldom
entirely conclusive with regard to its possible status
in the future, at least in the behavioral sciences.

With the above uses of forecasts in mind, we can
now summarize the problems encountered in satisfying
the six requirements for econometric equations as set
forth by Christ. First, the requirement of relevance
imposes the severe restriction that the zeal to simplify
raatters by means of arbitrary classification and arti-
ficial quentification must be tempered by a willingness
to struggle with the complexities of the real world.
Highly abstract models provide neither guidance to
the policymaker nor tests for the hypotheses of the
researcher. In his highly critical exposition of economic
methodology, Schoeffler questions the relevance of what
he terms “mechanical behavior models” on the grounds
that they necessarily assume fixed paiterns of response
to given sets of environmental factors. He argues that
in its actual operation, a firm (for example) may or
may not act to maximize its profits, minimize risks, etc.
Thus any model which assumes a necessary rather than
voluntary response to given conditions is artificially
mechanistic.?

The simplicity requirement must be considered at
two lovels—that of the technician and that of the user.
For the former group, simplicity is largely a matter of
explicitness of assumptions and sufficient clarity and

®Sidney Schoeffler (161), pp. 18ff. The employment of sto-
chastic models wherein patterns of response are fixed only in a
probabilistic sense would appear to overcome this objection.
See, for example, the admittedly grandoise Markovian model for
the analysis (only in principle!) of historical processes, as out-
lined by Franklin M. Fisher (54). Earlier descriptions of the
general nature of stochastic models in economics include Trygve
Haavelmo (80) and Jacob Marschak (123). Marschak's article
is reproduced in Schoeffier’s book. Schoeffler’s criticiam of the
probability approach appears in Schoeffler, 1bid., pp. 1248
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deteil in the explanation of one’s procedure-—require-
ments which are fully satisfied if and only if the model
can be described by means of equations, inequalities,
or similar mathematical constructs. The advent of com-
puters and their rapid improvement has greatly reduced
the restrictiveness of another simplicity requirement,
that of computational facility. Nevertheless, the finite
capacity of existing computers shall always constitute
an ultimate limitation on the complexity of models or
equation systems which can be handled effectively.
To the users, particularly those lacking in technical
training, the clearest econometric model is typically
the most opaque, and the greater the mass of quantita-
tive detail offered, the less intelligible the totality be-
comes. The common reaction of the technician to this
dilemma is inadequate: He would merely insist that
persons who use the results of his work be equipped
to understand it in his terms. But this view either
underestimates the intellectual achievement of the tech-
nician, or overestimates the time, energy, and possibly
even the capacity of the user. A more promising alter-
native, and one which often yields beneficial side
effects, is to append a nontechnical or verbal account
of the work. This task requires considerable skill in its
own right, since it is necessary to explain technical
matters without distorting them by oversimpiification,
and yet without writing a basic textbook for the unini-
tiated.2! The beneficial side effects are readily apparent
in Baumol’s apt distinction between explicit premises
or assumptions and transparent ones. The great power
of mathematical expressions lies in their explicitness
and economy. However, the implications of these terms,
when they purport to relate to the real world via the
equations of a given model, are often hidden from view.
Thus their interpretation in ordinary language may
often bring to light the full implications of a given set
of assumptions and procedures in a way which cannot
be accomplished by a purely mathematical statement.??

1A ymall but growing number of econometricians seem to be
endowed with sufficient patience and expository skill to reveal
the workings of their models in readable English. See, for ex-
ample, Christ, op. cit., Clopper Almon, Jr. (4), Daniel B. Suite
(187), and Jack Alterman (5).

2William J. Baumol (8), p. %4ff. One of Baumol’s examples
relates to the assertion that the supply or demand function, ex-
pressed in terms of price only, is homogenous of degree zero,
As he points out, this assertion is persuasive in that it seems to
argue only that the unit of currency chosen is of no economic
significance. However, its uncritical adoption cornes to grief
when it is recognized that it implies that a doubling of all price
quotations would not affect decisions even if the number of units
of currency failed to double also. Only a fuller explanation of
the assumption in question rather than merely listing the appro-
priate function ss an element in the model, would avoid this
kind of difficulty.




In short, the demand for greater explicitness, which is
the road to simplicity for the technician, must be
matched by a demand for transparency whereby the
user can assess the true implications of the assump-
tions which are so neatly expressed in the form of
equations,

This leads us to the requirement of theoretical plausi-
bility. As Croseman puts it so well, a theory which can
provide a basis for adequate prediction or forecasting
must not only explain the static relationships among
the relevant factors, but must also provide a quantita-
tive description of their dynamic interaction and change
through time. This is indeed a tall order.2* The mani.

fold difficulties to be overcome before such a theory.

can be developed are brought out in Schoeffler’s critique
of macroeconomic models. Schoeffler stresses the weak-
nesses of their theoretical underpinning, particularly
in reference to their use in forecasting and prediction.
He points out that the need for manageable equations
reduces the number of variables whose effects can be
determined, so that many influences are ignored or
subsumed under a residual “error” term. Furthermore,
the parameters in the given equations necessarily re-
flect past influences only; there can be no assurance
that these will remain fixed in future time. Most dam-
aging, however, is the fact that the equations reveal
nothing concerning the chains of causation which
underly the statistical estimates that are obtained. In
other words, the macroeconomic approach still involves
the manipulation of a black box whose inner workings
remain hidden from view. Schoeffler concludes with an
expression of qualified pessimism. While he recognizes
that any judgment concerning the future development
of econometric models is premature, he argues that
in their present form, they cannot be expected to pro-
vide dependable forecasts.3

®E. R. F. W. Crossman (33, 34). The latter report provides a
more detailed development of his thesis.

MSchoeffler op cit., p. 116ff and 130ff. Of course, no other
technique can do better, unless by accident. Comparisons of
forecasts made judgmentally with those produced with econo-
metric models are generally inconclusive, partly because these
techniques are not really as distinct as they appear in formal
descriptions. On this point, see George Jaszi et al. (96). In
actual practice, the judgmental forecaster typically uses what-
ever quantitative data and techniques he deems appropriate,
while the actual work of the model builder is infused with judg-
mental decisions at every step. For an enlightening comparison
of the more “judgmental” British economic forecasting tech-
niques with the more rigorous Dutch techniques, see R. L.
Marris (122). Both Marris and Jassi and associstes recognise
the superiority of the more rigorous econometric techniques “in
principle and in the long run,” while admitting their practical
limitations at present.

The inability of existing theory to fulfill the demand
for causal understanding poses a dilemma for the fore-
caster whose insistence upon methodological rigor out-
weighs the felt need for immediate results. For those
with a more pragmatic orientation, however, the di-
lemma is avoided by recognizing that relisble forecasts
can often be made on the basis of perceived regulari-
ties in the absence of a complete theoretical understand-
ing of the underlying mechanisms. In other words,
reliance on simple techniques of extrapolation will often
yield good forecasts. Unfortunately, as we have already
noted, such procedures assume structural stability and
provide no basis for determining either the suitability
of that assumption or the likelihood that a structural
change will occur.?® This problem is less serious in
relation to hypothesis testing than in relation to fore-
casting, since hypotheses can often be tested over past
periods known to be structurally stable. In practice,
however, ous inability to discover long periods of struc-
tural stability in the past hardly supports the conven-
ient assumption of such stability in the future.

The requirement of explanatory ability amounts to
the assertion that an equation system cannot be prop-
erly designated “econometric” unless it correlates with
empirical reality according to certain rules of con-
gruence. The internal, logical consistency of such a
system is a necessary, but not a sufficient condition for
its designation as a model. A farther implication of
this requirement is that the data to which the model

. refers must have a wider domain than that of the

model’s definitional properties; otherwise, the model
can have no utility except as a descriptive summary of
its internal structure. Obviously, the usefulness of any
econometric model in forecasting is largely dependent
upon its explanatory power. What is perhaps less
obvious is that a model lacking significant explanatory
power cannot be used to test hypotheses either, since
such a test necessarily requires some extension beyond
the model’s definitional properties.?¢

The need for accurate coefficients, as described by
Christ, is equivalent to the familiar statistical require-
ment of significant associations or correlations. It can
only be met by the discovery of explanatory (indepen-
dent) variables whose estimated (nonsero) coefficients

®The underlying structure must be partially known, of
course; otherwise, the notion of structural change would be
meaningless. For a more thorough exposition of this issue, we
Marschak (124).

® A recent summary of the relations between theory ond data
in science is that of Henry Margenau (121). Margenan has ex-
pressed these principles in relation to a variety of behavorial
aciences over the years. Also useful in this regard is the excel-
lent article by Fritz Machlup (116).
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have soceptably low estimated standard deviations. The
"“sespeh for such variables is of course a central concern

of all applied scientific ressarch. Unfortunately, none
of the prescribed research practices can guarantee the
discovery of independent variables displaying the
sought-for regularities in association with the given
dependent variable. Even when statistically significant
and sufficiently precise coeflicients are obtained, the
question remains as to their economic significance. In
terms familiar to social scientists, we can say that
relisbility of a messure does not imply its validity.
The laiter, like the question of economic significance,
can only be determined on the basis of a broad theoreti-
cal and practical understanding of the subject area.

The last of Christ’s catalogue of objectives for econo-
metrics is the requirement of forecasting ability itself—
an objective which, as we have noted, implies the others
and is an ultimate test of their achievement. The ability
to forecast within tolerable limits of error is essential
not only to provide some notion of probable trends or
outcomes of current decisions, but also to test hypo-
theses hy comparing the model’s prediction (reflecting
a specified hypothesis) with the actual outcome. In
short, some forecasting_ ability is essential if econo-
metric techniques are to be ussful either in policy-
making or in the testing of hypotheses.?” Here also,
Schoeffler’s comments express the current situation
with respect to forecasting ability in blunt terms. He
obeerves the familiar classification of econometric
equations into four groups (technological, behavioral,
legal, and definitional) and notes that stability over
time, which is crucial in determining the reliability
of a forecast, cannot be guaranteed for any of these,
save for the definitional group, which is arbitrary to
begin with.*

¥ As Theil points out, the problem of determining the accu-
racy of a forecast must be distinguished from that of verifying
the forecasting procedure itself. The latter problem can b
handled, at lzest in the case of point predictions, by testing the
null hypothesis that the observed prediction errors are members
of a parent population whose errors have zero means, etc. See
Henri Theil (193), p. 30. In their discussion of Theil's paper
(1bid., p. 47V, Lehman and Knowles stress the further distinc.
tion between the accuracy of & projection and its usefulness in
serving the purpose for which it was prepared.

®Schoefller op. cit., p. 1908, SchoefBer's strictures lose some
of their force when appiied to current efforts at model construc.
tion, where greaier attention is paid to the more limited infer-
eaces which can be drawn under conditions which only ap-
proximate the theoretical requirements of the given model. See,
for example, Albert Ando et al. (6). For Schoeficr's detailed
schema for scien'ific prediction in economics, ste cha. 4 and 8
of his study.

Jouvenel's comments are pertinest in this regard. In sum-
oarixing Theil's analysie of the Dutch experience with ecoso-
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The advent of automatic data processing via com-
puters has given rise to another promising projective
technique-—the development of projections by means
of computer simulation. The eseential idea is clearly
described by Orcutt and associates as the construction
of behavioral ( or econometric) models whose elements
comprise data on the observed behavicr of a sample of
individuals or household units (or firms).?® Conven-
tionally, the elements of a mode! are integrated accord-
ing to the postulates of a given theory and the hypo-
theses derived therefrom. Since the model is designed
to reflect the patterns of interaction postulated by the
underlying theory, it can be used to predict the out-
come of specified hypotheses derived therefrom. By
using a microanalytic approach, the model can be con-
structed to reflect actual behavior of the microunits
(individuals, households, firms, etc.) as they interact
over time, rather than being confined to the dictates of
a theory that has been adopted a-priori. Once such a
behavioral model is operative, it can be used to simulate
the probable responses of outcomes reflecting a variety
of specified initial conditions, thus, in effect, testing a
variety of hypotheses or a range of predictions.

The basic requirement for the construction of such
dynamic models (given the requisite data processing
facilities) is the availability of disaggregated data of
sufficient quantity and quality to provide a series of
comparable observations through time. As might be
expected, the construction of a dynamic model (dy-
namic because it incorporates changes in its constituent
elements occurring through time) involves some trade-
off between the desire tc maximize fidelity to the
complexities of the real world as observed and the
need to retain a model of sufficient simplicity to be
manipulable. Greenberger’s recommendations for han-
dling this problem are threefold: First, the construction
of the model requires the services of a subject-matter
specialit working in concert with a computer pro-
gramer. Unless the model to be used in simulation takes
account of whatever peculiarities the data may contain,
the resultant simulation is unlikely to be sufficiently
realistic to have inuch practical velue. The subject-

metric forecasts, Jouvenc! indicates that the bulk of the fore:
casting errors disuppeared when actual values for the model's
exogencus varisbles were substituted for the projected values
origict’ly used in forecasting. Jouvenel conclndes, therefore,
that the problem of g cesing the proper values to insert in the
fore:asting mode] remains & s~riou. limitation in the uee of such
models for loagrange projectices. See Bertrand de Jouvenel
(95), pp. 196L

®Guy H. Orcutt et al. (143), pp. 8-12 A wore receat sum-
mary of curreat trends and problems in computer simulstion in
the behaviaral sclences is James M. Beshers (ed.), (13).
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matter specialist alone can provide the necessary infor-
mation as to the peculiarities of the data to bc: used as
inputs. Second, the model should be constructed incre-
mentally, so that comparisons between thc model and
the data can be made at each stage, and new data be
incorporated as they become available. Third, there is
need fcr an on-line programing system associated,
ideally, with a multiaccess computer installation, so
that the resesrcher can enjoy easy and frequent access
to the computer.®

The outlook for the satisfaction of these three re-
quirements is highly favorable at the present time. The
development of Fortran and similar computer lan-
guages, together with the rapid proliferation of
“canned” programs, greatly facilitates the use of auto-
matic data processing machinery by subject-matter ex-
perts. The major obstacle is the unavailability, at lcast
in convenient form, of microdata (i.e., disaggregated
data) in sufficient quantity for large-scale analyses.3!
If such data as are available prove to be adequate for
this purpose, and if future data-gathering processes can
be readily geared to the needs of microanalysis, com-
puter simulation techniques offer great promise as a
means for generating a wide variety of projections re-
flecting many different combinations of specified con-
ditions and assumptions. Of even greater promise is
the possibility, through computer simulation, of ex-
perimenting with changes in a variety of social and
economic factors under conditions which approximate
the potential impact of alternative policy decisions in
the real world® The inzhility of social scientists to
carry out meaningful experiments on large-scale social
systems has long been recognized ss one of the funda-
mental obstacles to the development of social science.
While no model can ever be a fully adequate substitute
for the reality it represents, the patient accumulation
of the results of experimentation with a variety of
models, each of which captures a selected aspect of
social reality, may eventuaily yield far more reliable
information regarding the processes of change and

*“Martin Greenberger (68), pp. 148 and 155f.

"J. E. Morton’s recommendations are relevani in this regard.
See J. E. Morton (138).

“The advantages of computer .. uulation in & variety of ex-
perimenta! research projects are summarized by Richard E.
Dewson (39) snd Cuy H. Creutt (148). Also see Diana Crane
(31). Crane’s anticle includes s useful bibliography on the sub-
jeet. Suggestive indications of the directions which might be
taken by computer simaistion of sociorconomic behavior gre
contained in Herbert A. Simon (175, 176). A more technical
and very genersl summary of the potential uses of simulation is
And.~w S Scott {162). For a report of specific experience with
such simulativn in demography, see Jeanne Claire Ridley and
Mindel C. Shepe (152).
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interaction than can be hoped for through the analysis
of aggregated data alone. In short, experimentation
with models via computer simulstion may represent a
useful substitute where experimentation in the social
system itself is impossible.

A further stage of possible development is already
evident in the on-going research of Richard Stone and
associates. Stone’s efforts are directed toward the de-
velopment of a system or hierarchy of econometric
models representing, in their totality, the functioning
of the British economy. As this system is developed,
each submodel is designed to reflect the operation of
some major sector of the economy. These submodels
are linked together so that their exogenous portions
acquire input from the composite model, and, in turn,
provide output which modifies the exogenous portion
of the main model at a later stage. One advantage of
working with a number of submodels is that each of
them can Le kept at a manageabie level of complexity.
Another advantage is that subject-matter experts can
be utilized most effectively in the condstruction of sub-
models relating to their particular specislties.?® We
shall return briefly to the far-reaching implications of
this kind of long-range research in the concluding
chapter.

The preceding discussion of techniques of projection
has dealt exclusively with quantitative projections—at
least, with projections which could be expressed quan-
titatively, even if arrived at judgmentally. To complete
the discussion, it is necessary to consider one more
iechnique, one which is designed to yield reasoned
judgments concerning selected features of a possible
future in qualitative terms. This approach has been
termed the “Delphi technique,” recalling the Delphic
oracles. The basic purpose of the Delphi technique is
to express a systematic pooling of expert opinion with
respect to prospective outcomes of current trends and
developments in a particular subject area.®* The pro-
cedure ii.volves, first, the preparation of s question-

naire relating to the subject ares of concern. The

“Richard N. Stone (182), p. 2008. Preliminary results of an
exercive designed to yield estimates of the supply and demasd
for labor in 1970 are given in Richard N. Stome and Alan Brown
(183), p. 74{. For a brief account of the anticipated benefits of
an economic model sysiem for purposes of social aad économic
planning in Britain, see Stone (104).

*T J. Gorden and Olaf Helmer (63). In this interesting
study, the suthors report th rcsults obtaimed via the Delphi
technique on & wide range of subjects, including such diverss
mstters as anticipsted popalstion growth, the prospects for
peace, anticipated weapons development, asticipated progress in
space exploration, and predicions of sicentific breskthroughs in
s number of felds For an excellest summary of this technique
and its limitations, see Danicl Bell (10).
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phrasing of the items on the questionnaire may consist
of any combination of statements with which the panel
of experts can express agreement or disagreement, or
questions which they can answer by selecting the most
appropriste of the responses provided, as in a multiple-
choice examination. The respondents may also be per-
mitted to write in their views or answers to specific
questions. Next, an appropriate panel of experts in the
particular ares of concern must be selected. When the
penel members have received, filled, and retumed their
questionnaires, the first phase of the operation has
begun. The results of this first phase are then pooled,
coded, and averaged. For the second round, the panel
receives the pooled tesults of round one, and those
whose initial responses differ markedly from the group
norm are asked either to medify their original response
if they wish to do o, or to provide a defense of their
position by stating their reasons more fully. These
responses are again pooled and circulated once more.
The cycle can be repeated as long as the process yields
significant changes in the expressed opinions.

The Delphi technique is an outgrowth of the long-
term interest of Helmer and Rescher in the development
of projective techniques appropriate to the inexact
sciences. Its chief advantage is its avoidance of time-
consuming committee meetings which are the conven-
tional substitute for this kind of intellectual inter-
change. The avoidance of meetings affords a further
advantage ir: that it minimizes the effect of psychologi-
cal pressures commonly induced by a committee setting,
such as the familiar “bend wagon” effect (giving rise to
spurious consensut, or what might be called the “hail-
to-the-chief” syndrome). A further distortion that is
sometimes observed in the committee process is the
rigid defense of publicly-expressed views because their

‘subsequent modification is thought to imply lack of

coaviction or egregious error. In addition, the repeated
circulation of pooled responses to all panel members is,
in itself, & powerful educationdl device which serves to
croate & common fund of knowiedge and opinion on
which to base one's forecasts. The committee setting
affords no opportunity for the leisurely contemplation
of divergent views, so that its educational value is
severely limited.

The authors mcognise certain difficulties with this
technique, to which may be added one or two criticisms
of our own. They sdmit to the dificulty of deciding.
initially, who is sa expert Perscns who esjoy the
highest profemionsl reputations in & given field roay
be fully in tune with the presast, but they are not
secessaritv harbingers of the future. Particularly when
seeking long-range forecasts, it may be desirable to
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obtain a mix of older aud younger minds, so that
exclusive reliance on the criterion of established repu-
tation may be self-defeating. Further difficulties stem
from the inevitable delays in obtaining responses from
laggard panel members, and the attrition of the panel
itself.

A more serious problem is the design of the question-
naires themselves. In the Gordon-Helmer study, the
questionnaires consisted mostly of lists of statements
expressing possible future developments in particular
subject areas. The panel members were asked to check
one of several boxes expressing their opinion &s to the
effectiveness of the development in question in achiev-
ing a specified goal (the categories offered ranged from
nil to high). They were then asked to express their
opinion ss to the probability that the specified develop-
ment would occur by checking “never”, “maybe”, or
“certain”, Where appropriate, similar categories were
offered relating to the expected time that the develop-
ment in question was deemed likely to be achieved, its
overall desirability, and the like.3® Although the com-
position of these items reflects the careful work of
expeits in the fields of concern, the desire to minimize
the use of the panel experts’ time, and the interest in
facilitating the construction of averages and similar
summaries were met at the expense of open-ended
questions which might have permitted qualified re-
sponses. One problem with exclusive reliance upon
box-checking or multiple-choice questionnaire tech-
niques is that they invite rapid, off-the-cuff responses
which may lack the careful reflection which is actually
called for. A further problem which the authors
recognize is that both the questionnaire items and the
response alternatives provided are too brief and cate-
gorical to permit serious qualification. Hence there
exists considerable ambiguity and imprecision in both
the stimuli and the responses they elicit.

Finally, it should be recognized that the conventional
committee setting for whick the Delphi technique is a
substitute offers a number of advantoges as well as
disadvantages. The interplay of judgments and influ-
ences that occur in face-lo-face associstion can be a
valuable adjunct in the development of reasoned views
on a given subject. Only through such contact can each
member of the group perceive the nuances of meaning
and intensity of convictions which are of vital im-
portance in sseesaing the true significance of expressed
idess. Much of this contextusl matter is lost when we
resort to written commaunication. Nevertheless, in »
world whose experts are always in short supply and
subject to heavy demands, the Delphi technique is

®Gordon and Helmer, 18id., rppoadis
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certainly a worthwhile approach to consider in eliciting
some systematic expression of considered views on the
future prospects in any area of interest.?®

In concluding this discussion of techniques of pro-
jection, it may be helpful to return to a brief con.
sideration of first principles. It is axiomatic that no
projection can be more reliable than the data on which
it is based. Much of the criticism and controversy
surrounding long-range projections involves differences
whose magnitude is smaller than that of the band of
error surrounding the underlying data. If, for example,
the estimated current population of working ages
reflects an undercount of, say, 3 percent, the derived
labor force, ceteris paribus, will have a similar error.
It follows that a projection of the population and labor
force will reflect that much error as a minimum, so that
alternative projections which differ by that amount
cannot be differentiated meaningfully. In other words,
even our point predictions should be regarded as
interval predictions wherein a range of values are
equally consistent with a given set of assumpiions.3”

The problem or errors in the original observations
is far more extensive than merely the undercount of
the population in a given census. All observations of
social and economic data are afflicted with uncertainty
due to errors of measurement and classification.
Morgenstern’s criticism of economic research activities

®More recently, Helmer (Helmer-Hirschberg) has linked his
proposed use of the Delphi technique to a far more sweeping
proposal for the establishment of an institute for social plan-
ning. similar to that proposed (but in softer terms) by Bertrand
de Jouvenel (op. cit., chapter 20j. See Olaf Helmer-Hirsch-
berg (89). The initial ideas for this technique and its applica-
t:on were developed by Helmer and Rescher (88). The findings
of an earlier study on the use of experts in develuping forecasts
are informative in this ;egard. See A. Kaplan et sl. (97). These
authors found thai group discussion and the requi—ment that
specific predictions be justified or expluined by the predictor
led to improved predictions.

¥ A classic gnalysis of errors in decennial census coverage is
Ansley J. Coale (27). /i carefu] analysis of the coierage of the
1960 census is that of Jacob S. Siegel and Melvin Zelnik (172).
The recommendations of Joseph Steinberg following the Siegel-
Zelnik paper, p. 868, are noteworthy for their implications re-
garding demographic and labor force projections. For a more
detailed discussion of the poiicy implications of census under-
coverage of particular population groups, see Jacob S. Siegel
{173).

in general and economic forecasts in particular is
fundamentally a criticism of the widespread tendency to
ignore or underestimate these errors in arriving at
results which are spuriously precise. His concluding
recommendations are especially incisive: First, good
data are needed if economic (or any other) theory is
to enjoy any testable relevance to the real world.

Second, if the errors found in the data are attributable

to inherent difficulties of observation and measurement,
they can be reduced only by a gradual improvement
of the pertinent methods; but if they are due to inten-
tional falsification, faulty memory, or the inability to
obtain truly random samples for observation, the data
in question must be discarded or interpreted in the
light of a statistical theory (yet to be developed) which
could estimate and correct for these distortions. Third,
far greater effort must be expended by data-producing
agencies to estimate and publicize the errors associated
with the statistics they issue. Finally, economists (and,
by implication, other social scientists) must devise
more flexible techniques for handling data with a wider
range of accuracy, rather than proceeding on the
assurnption that their data are sufficiently accurate to
warrant the analytical techniques that happen to be
currently in favor.®®

For the practical forecaster, Morgenstern’s critique
contains little that is new or particularly shocking. As
noted previously, the forecaster might usefully apply
the estimated Eand of error surrounding his basic data
to the forecast values themselves, thus obtaining a kind
of minimal interval estimate instead of a point pre-
diction. He might also draw certain comfort from the
realization that the researcher cannot escape uncer-
tainty merely by confining himself to the past and
present.

In the next chapter, we turn to problems related
specifically to long-range projections.

*Oskar Morgenstern (135), p. 3028. For a brief summary of
this work and its severe recommendations, see Morgeastem
(136). Morgenstern’s criticism of data-producing agencies, par-
ticularly those of the Federal Government, for their failure to
concern themselves with errors in the data they publish met
with a sharp rebuttal by Raymond T. Bowman (16). Bowman's
most telling point is his long but partial listing of government
publications relating specifically to errors in the dats produced
by the particular agencies.
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. MAJOR PROBLEMS IN LONG RANGE PROJECTION

The development of long-range projections gives rise
to a variety of problems, some of which are primarily
technical while others involve broad philosophical
issuen and queations of policy. Furthermore, these
problemu are commonly interrelated, so that solutions
which are technicaily fessible may be problematic for
reasons of policy, or on philosophical grounds.

In considering, first, tha technical problems, it may
be helpful to distingaish four major problem-creas:
(1) The statement of the assumptions; (2) the selec-
tion and evalustion of the dats; (3) the treatment of
the dats; and (4) the determination of the number,
range, and time span of the projections themselves.
A. Statement of the assumptions

The most common plea of those who seek to under-
stand _ow a projection was developed in order to use
it intelligently is that the underlying assumptions
shoald be made more explicit. Since technicians are
usually greatly concerned to do likewise, it is surprising
that they seldem mect the demands of their critics in
this respect. One difficulty may rest in the meaning of
the term “explicit.” Its ambiguity can be illustrated by
means of the conventional statement of assumptions to
be found in many publications of long-range projeu-
tious of the labor force®® The statement typically
asserts the assumption that “there will be no major
war, prolonged depression, or other profound disturh-
ance during the period covered by the projection.”
Such a statement is formally explicit in the usual sense
of the term, but when the user or critic demands ex-
plicitnese, he is asking for more than the use of ciear
langusge and an open statement of the ceteris paribus
assumptions. Ideally, he wants to know the precise effect
of the adoption of the assumiption in question on the
recultant projetion. In other words, to use Baumol’s
distinction once more, he wants the assumptions to be
trunspareat as well us explicit. This ideal can only te
met when an assumption can be expressed as & quanti-
tative slement in an equatien. so that the effect of
retaining, removing, or altering the given assumpticn
can be readily messured. Short of this ideal, the ex.

®See, for example, Sophia Cooper and Stuart Carfinlle 120},
p 24 and the National Planning Asocistion (142, p. 2. Grun.
berg’s caustic remark on this type of groerzl caveat e f{rvond
by focecastrrs is simply that "an economic forrcast made und-r
the condition 1hat meither a depeeasion nor ar inflation shall
ocrur is of litthe predictive power.” See Emile Grunherg (76}
Move recently, the Bureas of [abor Statintics has sttetapied 1o
provide mere detailed ratemrnis of the smumed condition
underlying some of itz proje=tions e, for example, Howsrd V.
Stambler I81).
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pression of assumptions can only be improved by the
exercise of greater care in their formulation. One can
argue that the kind of statement referred to above is
essentially a way of saying that a fong-range projection
is usually prepared on the assumptior »f underlying
structural stubility. If so, it could only be made more
explicit by means of a detailed description of the
specific structural elements whose continued stability
is assumed, together with some estimate of the probable
impact upon the projection as a whole of a failure of
any of these elements to remain stable over the
projection period.

When we consider long-range projections of labor
force in this context, the demand for greater explicit-
ness of assumptions is, in effect, 8 demand for a re-
search effo.t of u.., “ecedented scope. Consider, for ex-
ample, the projection of labor force participation rates
for young adult men and women age 16 to 19 years
to, let us say, 1985. In developing such a projection,
conventional BLS practice has heen to examine past
trends in the worker rates of the major subgroups of
this population. These subgroups are themselves de-
fined, within the limits of available data, in terms of
major social, demographic, and economic characteris-
tics which have been associated in past experience with
important differences in the propensity to enter the
labor force. The more obvious of these charact -
istics are age, sex, school enroliment, and, for women,
marital status and the presence of young children.
According to the usual BLS procedure, the projected
labor force for this age group in 1985 would be pre-
pared by the following procedure:

Step 1. Since, in 1967, not all of the individuals who
will be 16 to 19 years old in 1985 have yet been born, it
is necessary to review existing population projections
for this group in the light of available evidence con-
cerning current trends in fertility, in order to select
the most plausible yopulativ. series to be used as a
base in the proection.

Step 2. The group as a wholc is then classified into
the severai subzroups defined by the major differen-
tiating vharacteristics noted above. This categorization
is limited, of course, by the available data. It is im-
portant t ohserve, at this point, that the pertinent
characteristics of this age group (its school enrollment,
marital status, etc.) relate to 1985, not to the present.
This implies that separate projectiors must be made
of cach of these -haracteristics to the target date, or
existing proiect \ns must be utilised. Common BLS
practice has been to utilize the available projections of
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the Bureau of the Census in this work so far as possible.‘

Step 3. Past and current trends in the rates of labor
force participation of each subgroup are then obtained
and extrapolated to the target date.

Step 4. Past and current trends in the distribution
of the total group among the several categories, as
projected to the target date in Step 2, are then combined
with the projected worker rates obtained in Step 3 to
obtain a prcjected labor force for each of the com-
ponents of the total group.

Step 5. The projected labor force of each subgroup
is then combined to yield a projected labor force for
the total age-group as of the target date.

When the demand for a more explicit statement of
assumptions is considered in the light of the above
account of conventional procedures, it is clear that the
pursuit of greater explicitness can only be terminated
arbitrarily, or by the limits of available time, patience,
and resources. In the above illustration, one might state
that it is assumed that men and women in this age
group will continue to pursue formal education
through the equivalent of 4 years of high school for the
overwhelming majority and on into college for a
growing minority. Further, it is assumed that a sig-
nificant minority of young women in the age group will
continue to marry and begin childbearing. It might well
be added that the projection assumes no radical change
in the structure of financial assistance offered in sup-
port of educational activity, so that substantial propor-
tions of students in this group will continue to seek and
find paid employment while going to school. It is also
assumed that there will be no radical change in either
the desire for marriage, the desire for children, or the
ability to avoid childbearing among these young
people. This implies an assumption of stability in values
and motivations regarding marriage and family growth.
Further, it is assumed that prevailing conditions of
work, study, leisure, prevailing definitions of these
activities, and prevailing opportunities for choosing
among them will remain substantially unchanged.
Finally, it ic assumed that the prevailing definitions of
the labor force as it relates to this age group will
remain in force,

At this point, one could take up each of these as-
sumptions so as to reveal the further assumpticus
which they entail, in an effort to justify their adoption
in preference to possible alternatives, and so on ud
nauseum. The point to be understood here is that one
must consider the very real limitations of time, re-
sources, and publication space available to those who
prepare projections, and the equally real limit to the
amount of detail of this kind which can usefully be

absorbed by the users of a projection. One virtue of
this kind of detailed recital is that it alerts the user of
the projection to the network of assumptions which is
all too easily overlooked when he quickly passes over
the glib assertion that the given projection assumes that
no radical structural change will take place. However,
no matter how detailed a verbal account of assumptions
may be, it cannot provide the user with the kind of
information he needs in order to assess the real sig-
nificance of the projection. For this purpose, he wouid
need to know, in quantitative terms, the effect of

different parameters relating to each of the assumed .

characteristics upon the resultant projection, together
with the probabilities relating to the likelihood of
continued stability of the factors to which each of the
assumpticns relates.4

The above considerations bring us to the wecond
point in regard to the demand for more explicit
assumptions—namely, this is in effect a demand for
more quantitative procedures. As such, it can only be
met to the extent that factors which are believed to be
relevant to a given projection can be expressed quanti-

tatively. In seeking to accomplish such quantification,

the technician runs the very real risk of imposing an
artificial structure upon the data. If, on the other hand,
he eschews consideration of non-quantifiable factors in
order to avoid the charge of subjective bias or im-
precision, he runs the still greater risk of ignoring
sign‘ficant factors which affect the phenomenon he
seeks w ~roject. The heroic solution tu this dilemma
i3 of course familiar to every graduate student in the
behavioral sciences; if a factor of alleged importance
is in fact significant, its impact must be measurable.
Hence only those factors whose impact is measurable
should be regarded ss significant. Uniortunately, where
the available data are of limited scope and quality, it

“A further complication, particularly in the case of long-
range projections, is tie reversability of causal sequences among
associated factors, For example, conventional projections of
iabor force supply assume a givin population projection as &
starting point. However, fertility, mortality, and, a fortiori,
migration are all affected hy the economic siturtion, which
therefore influences the labor fors directly, via jov opportuni-
ties, and indirectly, via longrun denmingraphic changes. We are
thus confronted by a causal network rather than a causal chain.

The two-way relationship between population growth and eco- °

nomic development has of course been recognized in a large
number of studies. See, for example, Irma Adelman (2), Robert
M. Dinkel (45), and Stephen Enke (50). An excellent sum-
mary of the development of theory relating to demographic-
economic interrelations is A. L. Levine (108). For a recent
analysis reflecting some of these interrelations, see Peter E.
Haase {79). An early exposition of population change as a
factor in labor force growth is the classic study by Seymour L.
Wolfbein and A. J. Jaffe (204).
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is pecessary to vely upon 1 priori theery, experience,

_-and even inivition in order to determine the signifi-

cance of factors whose operation is hidden from view.
It is sometimes possible o incorporate nonnumerical
elements in the form of “dummy” variables and thus
include, in some sense, factors which would otherwise
have been excluded Ix-cause they could act bé expressed
quantitatively, but this parctice is rot always adequate
or feasible. ¢

A third point concering the demand for more
explicit assumptions relates to the criteria whereby
clarity is to be determined. Here, we encountsr the
dilemma discussed previousty—s carefully worded
statement of assumptions such ss those described in
regard to & projection of the labor force of 16- to 19-
year-olds may be perfectly clear and explicit to the
practical user, while remaining ful! of smbiguity te the
technician. Conveusely, a statement which is adequatelv
explici! to the technician will commonly mystifv anyone
iacking -he requicite training in quantitative methods
and terminology I short, it is necessary to recognize
that projections are ussd and must be uude-stood by
nou-tecknicians whose demands for explicit statements
of #ssumptions cannot be satisfied by a list of equations.
B. Selecticn and Evaluation of Data

As noted previously, reli.nce upon simple extrapola-
tive techniques in developing projections offers one
important advantara—sucn a projection can be ob-
tained on the ba: past trends in the phenomenon
being projected, witnout resorting to an ana.sin of its
underlying mechieniems or causcl preresses. However,
the ultimate interests of neither the usir nor the tech-
nician car be met in this manuer, since it does roi
previde an understanding of the fsctors which de-
termine the temporal movement of the phenomenon in
question. Thus attention it turned to the Giscovery of
factors associated with the phenonemon of primary
interest, and to the measurement of their impact. At
this point, the need for theory to guide tie analyst in
the selection of reievant variables is paramount. In the
absence »f adequate theory, and given the availability
of automatic data processing equipment of growing
versatility, the analyst can now feed all his data into
the hopper and passively await tite .omputer printouts

" which will tell hin which variables are significantly

associated with his dependent variable, The orly dif-
Eculty with this appreach (apart fiom the very real
possibility that the analyst can be overwhelmed by the
computer output) is that the occurrence of associations

“This is not slways a happy solution, since most qualita:ive

faclors, by their very naturc, are not readily classifisble as
merely present or absert in a given instance. _
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cannot be understood or explained without resort to
theory. Furthermore, analysts who seek to derive con-
clusions on the basis of associations discovered in this
manner tend to engage in the dubious practice which
Professor Mosteller used to deride as “capitalizing on
chauce.” That is, they seek to attribute significance to
meaningless associations that are bound to appear
evantually, given a sufficient mass of input, particularly
when the observationis relating to the several variables
are not entirely independent of one another, as is com-
mon in economics.

Unfortunately, theory relating to the factors in-
ﬂuencmg the entry or- thhdrawnl of persons frem the
labor ‘-vce is not enmely adequate for the reeds of
long-range forecasting. Furthermore, the kind of in-
formation that is available itself reflects the paucity of
relevant behavioral theory, so that the analyst is
forced to woik with economic data primarily, even if
he suspects, as does the present writer, that the major
influences ou the propensity of persons to enter or leave
the labor force are socinl and psych-logical as much as
economic in nature. Tn short, the development of a
more adequate basis for iabor force projections is
hampered by the' relative absence of relevani non-
economic data.

In this situation, two courses of actior may be
recommended: Firet, it is necessary to work with what
is available in the knowledge that both our failures and
successes will prove instructive. Second, it is necessary
to dev-lop a more adequate behavioral theory relating
to labor force activity, on the basis of which we can
specify the kinds of information needed. This implies
a need for far greater collaboration between eco-
nomists, who have dominated the field largely by
default, and other social scientists, We shall e];norate
on this point in the concludinyg chapter.

C. Treatment of the Data

In waking projections by extrapolative tecnniques,
one encounters all of the problems associated with time
series, sooner or later. The st of ‘hese is the problem

of changing definitions and changing coverage which
impair the comparability of data through time. In

working with popnlation esiimatcs for the United ‘States
“Despite the limitations of available theory and the even more
serious limitations of available data, a aumber of analysts have
made siquificant inroads toward explaining the factors affecting
the labor force ac ivity of particular subgroups of the popula-
tion. See, for exe.nple, Glen Cain (23, 24), and Jacol Mincer
(129, 139). Profeaser Mincer is continuing his research into
the relation between labor force participation and unemploy-
ment. Among “he others who kave made important contriba.

iions in this sres sre Clacrence D. Long (113), Alfred Telia

(191, 192), and W. Lee Hansen (82).
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over the postwar period, for example, a number of
elementary but easily overlooked examples come to
mind. Do the estimates include or exclude Alaska and
Hawaii throughout the period of interest? Are the
worker rates based on the total population, including
Armed Forces abroad, or are they based on the total
resident population, or the total civilian populatlon, or
the civilian noninstitutional population? ‘Similarly, the
recent change in the definition of the ! ipopulation of
working age from 14 and over to 16 and over necessi-
tates caution in comparing statistical aggregates
through time.

A second problem relates to the treatment of observa-
tions that are out of line or atypical in a given tie
series. In developing an extrapolation, the technician is
confronted with a decision here, and one which re-
quires the exercise of considerable jndgment. He can
simply retain all observations as given (thus avoiding
a judgment that may be both complicated and hard to
defend). However, he thereby runs the risk of seriously
distorting his results. Alternatively, he can examine the
historical circumstances surrounding the deviant
observation to determine whether it can be explained
by actual social or economic conditions or must instead
be attributed to chance fluctuation or a peculiar com-
bination of distorting factors. Whatever the outcome
of this examination, the technician must then decide
whether the observation in question should be acceptegi®
and given its full weight, assngned a reduced welght
smoothed into line, or left out ‘of consideration entirely.

A familiar example can be seen in the labor force
participation rates of men 20 t 24 years old in the im-
mediate postwar period (1947-52). These rates rose
very rapidly from 84.9 percert in 1947 to 92.1 percent
in 1952—an increase of 7 percentage points in 5 years.
In extrapolating these rates (whick have declined
slowly and irregularly since 1953) the technician must
decide whether the rise in the 1947-52 period should
be allowed to influence thé extrapolation proportion-
ately or whether it should he left out of consideration
entirely. If he chooses the former course, he extrapo-
lates on the basis of a trend line through the observed
rates for the 1947-66 period, obtailing a constant or
slightly increasing trend into the future. If, on the other
hand, he leaves out the 1947-52 perind, his extra-
polation, derived from the trend for the 1953-66

period, will yield a gradually declining rate of labor ;

force participation for this group.

In the above example, the analyst can readily surmise
that the postwar enrollment of veterans under the GI
bill held down their worker rates, and hence accounted
for the low 1947-48 rates of the 20-to 24-age goup us

e o e s

a whole. He would therefore be likely to discount the
increase from 1947 to 1952 as reflecting an unusual
condition which he would nol want to incorporate as
one of the assumptions in his projection. Unfortunately,
not all of the quirks in a statistical time series are so
readily explained or dismissed, so that the role of expert
judgment is crucial. This implies, first, that the tech-
nician must either possess a thorough knowledge of the
subject matter with which he deals in preparing a
projection, or be able to work closely with subject-
matter exjerts. Second, the judgments which are exer-
cised in making projections must L recognized as their
most essential component. Except for mechanical errors
or trivial differences in procedure, any projection can
only be criticized in terms of its underlying assump-
tions and the judgments that have been made at critical
stages in its development.

A third problem regarding the trcatment of long
statisti~al time series is the relative weight to be given
to earlier and more recent observations. Here again,
the -Simplest and most easily defended prucedure, that
of eqqual weighting throughout, may not always be the
most judicious. It is possible, for example, that the

_ more tecent observations are obtained through im-

proved procedures or from a better sample, and thus
provide a more accurate picture of reality than the
earlier observations. The analyst must also consider the
possibility that one or more periods within the entire
time series may reflect underlying structural changes
which are inconsistent with the assumptions of his
projection. An obvious example is the projection of
labor force participation rates for a population group
whose worker rates are sensitive to the economic situ-

-ation. In such a case, a projection derived from rates

bserved during a recession period would be inconsist-
ent with an underlying assumption of high employment
levels. In developing such a projection, it would be

necessary to discount or adjust the group’s worker rates

during the recession period. Once more, the crucial role
of judgment is evident.®®

The above problems are multip’’ed when simple
extrapolative techniques are abandoned in favor of
more complicated analytical methods, In fact, a
fundamental reason for the hesitation of experienced

“This problem, and the development of techaiques to over-
come it has been a central concern of Thomas Dernberg and
associates. See Thomas Dernberg and Kenneth Strand (4I) and
Thomas Dernberg, Kenneth Strand and Judith Dukler (43).
For a brief summary of their argument, see Thomas Dernberg
and Kenneth Strand (42). Concera with the possibility of hid-
den unemployment during economic downturns is not recemt.
For an earlier analysis of this phenomenon, see Harold Wool
(205).
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econometricians to prepare projeciions beyond short-
range petiods (3 to 18 months ahead) is their knowl-
dgn that such projections entail separate projections
of most of the variables in the econometric equation
system or model. In such- a case, the judgments em-
ployed by the econometrician are likely to be even
more pumerous and complex than those of the
judgmental forecaster using simple extrapolative
techniques. ¢
D. The Number, Range, and Timespan of the Pro-
Jections

Decisions relating to the number of alternative
projections to be made, their range (i.e., the extent to
which the alternative series differ from one another)
and their timespan (how long into the future they
extend) can only be reached upon a careful considera-
tion of the data and resources available to the tech-
nician and the purposes which the projections are
intended to serve. In its most general sense, a pro-
jection is some function of the available data, so that a
consideration of past trends and variations in the
relevant data provides a good initial notion of the
number and range of projections which are needed to
capture the likely variations in the future, For example,
the trends ard fluctuations in the labor force partici-
pation rates of men and women ' 35 to 4 years cld over
the 1947-66 period reveals a range of 0.9 percentage
points with a high of 98.2 percent for the men. For the
women, the range is 10.6 percentage points, with a high
of 46.9 percent. Obviously, projections relatmg to the
“+omen in this age group should be greater in number
and/or far wider in range than those for the men in
the corresponding age group.

The question of the number of projections to be
prepared is problematic. In preparing population pro-
jections, the experience of the Bureau of the Census
has been that two alternative sets (or series) of pro-
jections tend inevitably to be labeled “high” and “l.w”
or even “optimistic” and “pessimistic”. with the
obvicus pejorative connotation of the latter term
affecting the decision to adopt the series so labeled.
Three alternative sets or series are little better, since the
users then feel an overwhelming pressure to adopt the

“It is only fair te add that experienced econometricians are
unlikely to take long-range projections eeriously for the same
reasons that they are reluctant to try to make them—the neces-
sary assumptions must be determined judgmentally and are diff-
cult to quentify or defend. Cn this point, see John R. Meyer
and Robert R. Glauber (128), pp. 240-257. For a defense of
the role of judgment by an economist whose qualifications as
scientist and ecpnometrician are above reproach, sce Nicholas
Georgescu-Rocgen (58), pp. 2741,
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middle one. More recently, therefore, census projections
of population have appeared in four series, labeled
with the greatest possible neutrality “A”, “B”, “C”, and
“D.™® This has afforded the several government agen-
cies who use the projections the great satisfaction of
¢xpressing 8 conservative optimism by adopting series
B, the second highest of the four.

An alternative approach to this question is offered by
the National Planning Association, which has prepared
economic projections in three series—a target or goal
projection, a present policy projection (derived by an
extrapolation from past trends), and an intermediate
judgmental projection, reflecting the attainiaents which
are deemed the most likely outcomes of the com-
promises to be expected among the inertia of custom,
the pressures of conflicting goals, and aspirations
toward higher achievement.*® This approack is far
more useful to the user of the projections, particularly
in the formulation of policies, since it affords a
plausible description of a goal to aim for together with
some notion of the probable “gap” between the goal
and what might be expected to ensue in the absence of
a directed effort. This gap is, in a sense, a measure of
both the need for a particular program and an estimate
of its maximum potential effectiveness. As such, it can
be useful to the nolicymaker as an expression of the
magnitude of a given task and the stakes involved. ;

For the technician, the instruction that he is to pfe-
pare two, three, or four projections is hardly a soluti:-
to his problems. He must still select from among a very
large number of assumptions those few combinations
which best reflect the alternative conditions which are
deemed worthy of separate projection, The natum of
this task can be readily appreciated by consxdermg'
long-range population projections. The population of
an area is of course a function of only three variables:
fertility, mortality, and net migration. In view of ob-
served past variations in these variables, cne might
decidé to work with, say, four sets of fertility assump-
tivns, three sets of mortality assumptions, and three
sets of migration assuriptions. In their several com-
binations, these assumptions would yield 36 sets of
projections, a number which is obviously excessive for
any practical purposes. Of course, it is likely that many
of these combinations would resemble each other
closely, but the point to recognize is that the task of
the technician is not limited .o spinning out the impli-

“Jacob S. Siegel, et al. (op. cit., 1964).

“National Planning Association, op. cit., p. 2. For an excel-
lent account of the rationale behind the NPA’s alternative sots
of projections, see Sidney Sonenblum and Louis H. Stern (178).




cations of a large number of alternative assumptions.
He must at some stage act decisively in reducing their
number to manageable size, and in doing so, must
exercise judgment as to which sets of assumptions best
illustrate the plausible range of expectations regarding
possible futures. In fact, he may be expected to push
his selective process to the limit, inasmuch as he will
often be asked to identify the single most likely pro-
jection—in other words, he will be asked o make a
forecast. It is at this point that his technical expertise
is of little help, and his general familiarity with the
subject-matter, viewed in its broadest social and his-
torical context, becomes an essential asset. One implica-
tion of the foregoing discussion stands out: No matter
how many alternative series may be projected, the
practical needs of the users will usually require the
selection of a single series for use in the formulation
of policies and programs. That selection requires the
closest cooperation and mutual understanding between
the technician and the policymaker.

Two considerations are paramount in determining
the timespan of a projection. The first is the purpose
which the projev. on is designed to serve and the second
is the degree of uncertainty that is acceptable. Here
=gain, some kind of trade-off must be achieved between
a relatively confident projection that extends over too
short a period to allow for practical use and a less
precise projection covering a longer timespan. When
we consider the rapid expansion of the band of un-
certainty surrounding any projection as it is carried
farther into the future, it is indeed questionable that
any long-range projection is worth developing. Hov.-
ever, their continued development is assured by the
growing demand for long-range planning in all sectors
of our social existence.*” Furthermore, such plans are

 typically developed with sufficient flexibility and gen-

erality that a considerable range of error in the
projected magnitudes can be tolerated.

In the manpower field, the timespan of projections
is dictated by the leadtime required to plan and estab-
lish the educational and training facilities needed to
meet tomorrow’s requirements for highly qualified

“On the need to recognize this demand as a necessary and
legitimate function of government, see Jan Tinbergen (197), pp.
74f. See alsg the remarks of Henri Theil (op. cit., 1960),
Alfred Sauvy (158, 159), and Richard A. Lester (107).

The advantages of medium-range manpower projections (ex-
tending about 5 years into the future) are well described by
. R. Crossley (32). For rmployment forecasts in particular,
Crossley argues that the 5-year forecasting period affords suffi-
cient time for effective implementation of specific policies to-
gether with sufficient precision for meaningful manpower

planning.

personnel. In the anticipating future needs for highly
trained manpower, such as scientists, engineers, and
paysicians, “tomorrow” means 10 to 15 years in the
future, Even greater leadtime. is required in planning
for financial and institutional support of such programs
as the Social Security system and other private and
public pension and retirement systems.

The broader philosophical issues which arise in
regard to long-range projections relate to their pur-
poses, their uses, and their social consequences. Since
these considerations are interrelated with questions
of public policy, they must be viewed in the context of
social and political action designed to maintain the
society and guide its progress in a changing world.
Perhaps the most fundametal issue is that of the basic
model to be used as a guide in developing long-range
projections. The central argument of this essay is that
long-range projections cannot adequately fulfill their
most important functions if they are prepared solely in
accordance with the dictates of scientific method, with
the ultimate goal of achieving predictive significance.
This is not an easy argument to defend, particularly
in an age which equates truth and rationality with
science. However, this argument is not an exhortation
to abandon scientific procedures. It is rather a claim
that the act of projection must have an extra-scientific
aim, The chief value of a projection is its delineation
of possible futures, not its conditional prediction of
more-or-less likely outcomes. Projections should serve
to open up possibilities and explore their consequences,
not reduce them to a single, seemingly inevitable path.
The use of scientific methods is indispensable in assess-
ing the range of possibilities and determining the
probable consequences of alternative courses of action.
But insofar as science seeks to discover either deter-
ministic or probabilistic laws on which predictions can
be based, its ultimate purpose differs radically. from
that of projection. This difference and its significance
have been aptly summarized by Bertrand de Jouvenel,
when he points out that the ability to predict the future
implies its inevitability, which in turn removes the
need for projection. For this reason, he argues, our
interest rests with uncertain phenomena, since only in
the rzalm of the uncertain can we act to influence our
destiny.t®

The advocates of greater scientific rigor in the de-
velopment of projections encounter a further difficulty
when they consider the impact of public projections
upon that public. That is, they encounter the d‘ilemmn
with which social scientists are familiar—the public
(i.e., social) expression of the predicted behavior of

“Bertrand de Jouvenel, op. cit., p. 52.
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sbers ofnmybmmumaddeddamntm
' of that behavior, which then causes
e change in the behavior from what it would other-
“hiive becti, In short, we are confronteu with the
of the self-fulfilling and self-denying pro-

" phistles, In considering this problem, it is important to
©* " bear in mind that it is only problematic for those who
" 96 identify projections with acientific procedures and

y m that they uphold the scientific aim of successful

projection. Obviously, a projection which is either self-
fdining or self-denying cannot meet this criterion.
However, when projections are viewed as statements of

~ social goals or as descriptions of possible futures which

may be regarded as harmful or threatening, their self-

fulfilling or self-denying character becomes potentially

useful. If a projection serves to raise aspiration levels
50 that the attainment of desired goals is realized, or
if it provides advance warning of impending difficultics
80 that plans are set in motion to avoid these difficul-
ties, it has fulfilled its most important fuuction—one
that boars little relation to the predictive aims of
science,

‘Those who espouse a rigidly scientific ~onception of
projections are led into a consideration of the above
problem in terms of highly convoluted speculations re-

garding a potentially endless chain of stimulus and

response, in an effort to incorporate the probable re-
sponse to a public projection into the projection before
it is made public. One consequence of such speculations
is the aseertion that long-range projections of man-
power should be discouraged or at least regarded with
great suspicion, since the'r consequences cannot be
foretold, and may be harmful#® Other partisans of
scientific rigor have arrived at the optimistic conclusion
that it is possible, at least in principle, for the tech

nician to incorporate in his projection the probable -

response of the public to his announcement of the

- projection, thus avoiding the dilemma of self-fulfilling

or self-denying statements.

On the basis of our argument as to the proper task
of projection, the above view is subject to two criti-
cisms. First, predictive accuracy is neither a basic goal

“W. Lee Hansen (83), pp. 13f. Hansen's comments are fol-
lowed by an excellent rejoinder by Sol Swerdloff, pp. 258, It is
sn unfortunste trulsm that all knowledge may be misused, in-
cluding the uncertain knowledge which takes the form of pro-
joctions. On the other hand, the concealment of knowledge is
almost certain to have harmful consequences.

®Emile Grunberg and Franco Modiglian' (77). Compere the
apt remarks of George C Smith (177). a sociclogy, the prob-
Jem of the self-fulfilling prophecy azd of refexive predictious
mﬂyholoubeennwnhod.&e.fotempk.ﬁobml(.
Merton (127).
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nor the sole criterion of the worth of a long-range

~ projection. Hence, the attempt to incorporate into a

projection a chain of anticipated reactions to it implies
the sacrifice of a major objective for the achievement
of a minor one.%! A second and more scrious objection
is that any public projection loses its effectiveness
either as forecast, tazget, or warning insofar as it comes
to be regarded as an offort at manipulation or pro-
pagandizing. The best way to avoid the suspicion of
manipuletive intent is to avoid all attempts to manip-
ulate. This means that target or goal projections must
be clearly announced as such. There purpose is to in-
form the public of the possibilities inherent in the
society. A projection is manipulative only if it is
designed to create an artificial atmosphere of progress
and prosperity, or to exhort the public to adopt certain
goals by concealing or downgrading other alternatives.
The attempt by any government ajgency to alter its
projections by incorporating the anticipated reactions
of the public to its announcement might, in theory,
improve its predictive accuracy, but it would hardly
contribute toward easing the credibility gap.

Even if we grant that the procedures followed in
conventional scientific investigations do not afford an
adequate paradigm for the construction of projections,
the fullest possible use of scientific methods remains
the best protection we have against the tendency to
reduce all projections to exercises in politically-in-
spired wish fulfillment. Indeed, many of the fun-tions
of projections call for no more and no less than the
utilization of appropriate scientific methods.’? For
example, projections may be developed as a quasi-
experimental substitute for the kind of hypothesis test-
ing which occurs in a laboratory setting. The para-
meters of the independent variables of a given equation

- may be set in accordance with a given hypothesis and

then changed to reflect a number of alternative hypo-

®Roger C. Buck (22). In their reply to this article, Grun-
berg and Modigliani voint cut that their theorem expressing the
possibility of incory_.. ing the anticipated public reaction to &
prediction in the prediction jteelf does not imply an endless re-
gression of action and reaction, nor does it require that such a
regression be convergent. All that is required, they assert, is
that the public reaction is a known and continuous function
(termed the “reaction function”) of the stated predicticn, and
that the predicion itself has finite and real upper and lowsr
bounds. The authors conclude tha: the possibility of correct
public prediction exists whenever correct private predictions
can be made, and that the very real difficuitics in the iatter
sphere are “unrelated to their potential reflexivity.” See Emile
Grunberg and Franco Modigliani (78).

®On the daugers of sllowing projections *o be reduced to
raere rationalixations of current policies, see the comments of
Gersld Colm (28), pp. 381
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theses. The more plausible of the resultant outcomes
might then be regarded as a confirmation of the hypo-
thesis expressed in the underlying equation. Similarly,
any projection is, in its purest sense, merely an
elaboration of the consequences entailed by a specified
set of assumptions. As such, its development must not
be influenced by non-scientific considerations. In short,
the proper but crucial role of value considerations in
the development of projections is not too different from
its role in scientific undertakings. Initia! value consid-
erations dictate the selection of assumptions to be
expressed in the projection, just as they dictate the
selection of problems to be investigated in science.
Then, after the technical work has been carried out,
values determine how alternative projections are to be
identified, used, and interpreted, just as the findings of
a scientific investigation find their chief practical use-
fulness only in terms of the values they help to advance.
Thus, the proper role of values in the development of
projections can best be understood by recognizing that
the most important purpose of long-range projections
is to express our values within a framework of environ-
mental constraints so that their attainability can be
assessed and realistic priorities established. However,

- the projective techniques must themselves be “value-

free” in that they must utilize scientific procedures to
the fullest possible extent.®

A final issue in regard to long-range projections is
primarily a matter of policy, though it carries signifi-
cant philosophical implications, The issue relates to
the question of public versus private projections. Once
again, the fact that the issue arises in the first plac. is
telling evidence that projections cannot be regarded
solely as scientific or academic exercises, since one of
the hallmarks of science is the free dissemination of
findings. But a projection is always in some sense a
model of a possible or probable future. Its publication,
especially by a government agency, inevitably carries
with it the authority of an official pronouncement, with
at least some connotation of administrative approval.
It is therefore tempting to differentiate between pro-
jections designed for internal use only and pul.lic fore-
casts to be circulated at large. One advantage of such

®This position in regard to the role of values in behavioral
science is a familiar one. For a hrief exposition, see Richard
Rudner (156). In economics, the need to supplement “value-
free” techniques with value-inspired definitions of goals is well
set forth by Adolph Lowe (114). Also see Lowe’s more recent
work (115), pp. 160 and 313. For an excellent critica! discus-
slon of Lowe's thought, see Robert L. Heilbroner (87). Philipp
Frank's inuightful discussion of the “extra-scientific purposes
which can be served by scientific theories is highly pertinent 1o
this issuc. See Philipp G. Frank (56).

~ a differentiation is that it permits the technician the

free exercise of his talents in working cut the impli-
cations of a wide range of alternative assumptions
without the onus of having to explain or defend the
government’s interest in these alternatives. Under such
a policy, the only published reports would he forecasts,
rather than projections. They would reflect some kind
of plausible compromise between the goals a given
administration might hope to attain and the most likely
outcome in the absence of governmentally-inspired
efforts. As such, they would resemble the judgmental
forecasts of the National Piauning Association, but
without their alternative target and present policy
projections.

Our objection to such a policy rests first upon our
basic argument that projections should provide a
public awareness of possible choices or alternatives and
their probable consequences. A single forecast, what-
ever its ultimate accuracy, tends to create an atmos-
phere of false determinism which discourages critical
reflection. One should note, in passing, that this effect is
as likely to be found, and as dangerous in its implica-
tions, within the government itself as well as among the
general public. '

A second obiection relates to the needs of the policy-
maker himself. A single forecast is of course required
by him for use in the formulation of plans and pro-
grams. However, the policymaker must also estimate
the effort required to attain particular goals. and he
must consider alterative paths toward these goals. For
instance, he needs to know not only that the national
economy should be prepared to offer, say, 80 million
jobs to its workers by 1970, but, in addition, whether
that goal can be reached by means of a continuation,
relaxation, or intensificaiion of current growth rates.
In addition, the methodological requirements of the
newer Planning-Programming-Budgeting systems with
their cost-benefit accounting schemes demand a system-
atic comparison of program targets and their achieve-
ment costs with probable outcrmes and related costs
in the absence of such programs. This requirement
can only be met by the development of alternative
projections and a publication policy which gives these
alternatives cqual publicity.®

*The noed for alternative projections in carrying out coet-
benefit analyses is brought out in three articles by Abraham 8.
Levine (109, 110, 111). The dangers of an exclusive reliance
tpon cost-benefit analyses in determining the feasability of pro-
posed policies in the manpower field are well atated by Robert
Lekschman (106). For a balanced statement of the uses of coat-
benefit accounting in cvaluating manpower policies and pro-
grams, see Richard A. Lester, op. cit., chapter 7.

115




vt S e A e mepe S e

" Ultimately, the argument favoring the free publica-

Mo{ all projections deemed worthy of preparation

in the first place rests on the notion that an informed

.~ publio is, in the long run, our best safeguard against
' the pursuit of unwise objectives or the adoption of

ivappropriate means toward desired ends. Farticularly

‘hlnprdloﬁnfumu.thepublicneeduorecogniu

that the growth of sclence and technology does mot
imply an incresse in determinism but rather an in-

. crease in the range and scope, of the alternatives before

us. If projections are freely developed and published in
all their diversity, they will perhaps serve their most
vital function in educating the public to a conscious

MM

awareness of its own me.capable freedom—the free-

dom to “invent the future.”™®

®This tempring phrase is the title of a provocative escay by
Dennis Gabor (57). Using Jouvenel's apt termirology, Duniel
Bell states the issue very sharply ar a cholce between decision-
making by seraglio or forum. See Daniel Bell (11). Compare
the remarks of Alfred Sauvy (op. cit., 1962). For a challeng-
ing discussion of the potential dangers in the achievement of
reliable prediction in economics, see Gregor Sebba (163). In his
modest and temperate commeatary on Sebba's article, Carl F.
Christ suggests that the danger is not on the immediate horinon,
a least. For a profoundly pessimistic analysis of the universal

. trend toward greater rationalization and coatrol over the future,

sce Roderick Seidenberg (166). Seidenberg, like Herbert
Spencer a century earlier, foretells & world which hus achieved
total predictability at the cost of surrendering the last vestiges
of meaning{ul individual choice.

Il THE EVALUATION OF PROJECTIONS

Both the improvement of projections and the de-
termination of their status as forecasts or policy
instruments depend upon the criteria whereby they are
evaluated. Such evaluation cannot be confined to the
simple question of their accuracy because, in the first
place, projections often serve other functions than that
of prediction, and secondly, the evaluation of a pro-
jection cannct always await the actual occurrence of
the events it secks to foretell. The following discussion
distinguishes four areas on which evaluation of pro-
jections may be focussed: Their assumptions, their
methodology, their outcome or content, and their
usefulness, given their intended purposes.

A. The Evaluation of Assumptions

As previcusly ncted, the most glaring deficiency of
most projections is the insufficient specificity of their
stated assumptions. This suggests the primary criterion
to be employed in evaluating the assumptions: Are they
sufficiently explicit to permit an adequate understand-
ing of their implications? This is of course a watter
of degree. Insofar as any projection reflects human
judgment, it is bound to incorporate a complex inter-
relation of factors which cannot be fully expressed or
weighted. Even in the case of the more obvious judg-
ments, such as the selection or rejection of a particular
variable for a particalar equation, s detailed exposition
of tho reasons for the decision might well exceed the
capacity of both the technician’s memory and the
reader’s powers of absorption.

Furthenmore, the practical value of a full explanation
of the assnmptions underiying a given projection can
be questioned. In theory, such full disclosure would
psmit a faithful replication of a projection. What
then? Doee tha ability to duplicate a projection affect
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its worth? Replication is of course useful in disclosing
mechanical errors, but it does not affect the plausibility
of the underlying assuraptions. Unfortunately, it is
precisely the more subtle features of an expert’s
judgment which are most difficult to express or dupli-
cate, 30 that the demand for totally explicit assumptions
amounts to a demand that experts should utilize only
their most pedestrian, readily quantifiable talents in
making projections.

The assumptions which underly a projection can
also be dvaluated in terms of their internal consistency.
For exarpple, a labor force projection which postulates
a continuation of military expenditures as s constant
proportion of total output would be inconsistent with
the assumption of a drastic decline in the size of the
Armed Forces, unless accompanied by the further stip-
ulation of increasing automatio. in military tech-
nology. Obviously, this evaluation for consistency
requires a certain specificity in the statement ¢ the
assumptions. “Globel” statements relating to the as-
sumed abeence of worldwide conflict or depression are
of little value, since they permit of a wide range of
plausible interpretation.

A third criterion for the evaluation of assumptions
is that of plausibility. This criterion must be applied
with caution, becauss with projections in particular,
what is deemed plausible tends to be greatly influenced
by what is regarded as desirsble. Furthermore, the
oxpressed purpose of & projection may be to spell out
the implications or consequences of & highly improb-
able set of circumstances. Such an exercise may be
valusble houristically, and should not be criticined
because the stated assumptions are unlikely to occur
in fact. Nevertheless, given the limited resources




generally available for this work, the bulk of projec-
tions must be designed to provide a reasonable picture
of potential realities, so that the plausibility of their
assumptions remains an important consideration in
their evaluation. Jince we are concerned here with
making judgments about other judgnents, it is diffi-
cult to establish definite limits beyond which a projec-
tion may be rejected as implausible. However, the
attempt is worthwhile, if only to force the technician to
defend the adoption of assumptions which appear to
fall outside the range of plausibility."®
B. The Evaluation of Methodology

The evalustion of a proiection’s methodoloby does
not differ from that of any scieatific procedure. Such
svaluation should consider, first, the technical accuracy
of the results obtained; second, the appropriateness of
the analytical methods employed; third, the adequacy
of the data and their treatment; and finally, the validity
of the results and of their interpretation.

Considerations of technical accuracy comprise both
the mechanical or arithmetical accuracy of the pro-
jection it« If and the correctness of the definitions and
categories of data that were utilized. While these
matters are ohviously the responsibility of the tech-
nicians themselves, independent review by potential
users may often disclose discrapancies or errors which
might otherwise escape detection. A frequent problem,
particularly where time series are being used exten-
sively, is that of definitional changes or changes in
coverage which impair the comparability of major
categories of data through time. A r=lated problem is
the need to fully explain the adjustments to the data
which may have been deemed necessary Such adjust
ments are frequently made in haste and inadequately
recorded, so that analysts wrrking with long historical
serier of data are commonly unuble to determine the
nature and magnitude of the sdjustments that may
have been made at the time the data were being
originally processed.

With respect to the adequacy of the methods used,
it is neces=ary that they be considered not only in
comparison with possible alternative methods, but also
in terms ot the time and resources available to the
technician. The ease with which the inclusion of ad.
ditional variables or the use of altermative methods
may be suggested is not matched by the ease with which
these elaborations can be carried out. Where govern-
ment agencies hsve presented a single forecast rather
than an elsborate set of projections, they have com-

®Sec, for example, Thomas Dernbery and associstes (op. a2,
1966) and the criticsl review by Sophia Cooper and [lenis F.
Johnston in the same issue, pp. 69-T8.

; monly done so because of limited resources, nnd not

because of a deliberate policy of restricting publication
to a single series. Given these inevitable constraints,
however, the technician always faces a choice between
better or worse methods, and & review of his method-
ology is therefore appropriate in any case.

Two further considerstions must Le stressed in the

eveluation of the methods employed in projections:.

The appropriatencss of the methods giver the quality
of the available data, and their suitability in tesms of
the purposes the projections are intended to serve. It
i%not necessarily incorrect io employ elaborate methods
of analysis with liinited data or data of poor quality.
In fact, such data may require the kind of careful
tailoring which such methods can provide. However,
a common effect of elaborate methodology is to convey
a sense of greater precision than exists in fact, and to
conceal the deficiencies of the dsta bemesth an im-
pressive scaffolding of quantitativc snalysis. There are
no simple safeguards against the misuse of statistical
methods other than the slow improvement in the
methodological sophistication of technicians and users
alike. One helpful device is the routine- application of
simple measures relating to the sccuracy of the data
(where such measures can be devised). It is now
standard practice to show such measures alongside the
pertinent statistics in all statistical publications. The
publication of equivalent measures in connection with
projected values would alert both the technicien and
the user to the limitations of the data and might warn
them against drawing unwarranted inferences from
the given results.®
C. The Evaluation o Content

The actual results of a projection—the levels and
distributions which are shown for future dstes—must
themselves be evaluated directlv, apart from considers-
tions of assumptions and metbodology. This evaluation
may be carried out in three directions. First, there
is the question of the consistency of the outcome with
the stated assumptions; this is a separste issue from
that relating to the plausibility of ths assumptions se
such. If, for example, a labor force projection assunes
a continuation of early marriage and childbearing
practices, s major rise in the projected labor force
participation rates of young edul women should at
least be questioned. A second direction of inquiry
concerns the ability of the projection to sstisty the pur-
poses for which it was developed. If its main purpose is
to provide s public prediction or forecest, the publics-

* Ax noted previously, this is o primery recommadstion of
Oskar Morgenstern, On iAe Accurecy of Econemic ()bservasions,
p 3028
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tion of a range of values reflecting alternative sets of

'+ essumptions will not suffice, unless one of the serive is

' clestly identified os the most likely or judgmental
sedsction, On the other hand, if a projection is designed
to provide estimatis of the probable impact of alterna-
tive policies, it should indieate the different effects of
thess policies by means of separate projections reflect-
ing each of the alternatives.

A more dificu¥ problem in evaluation of content is
to determine the amount of detail and accuracy that is
both suficient and necesssry. The needs of the user
may often be met by a single number—for example, be
may require a projection of the population of the
country in the year 20C0. However, such a figure can
best be obtained by working with individual age-sex
cohorts, and aggregating the results as 2 final step.
Thus, the amount of detail required in developing a
projection is more a function of the methodology
employed than the purpose of the projection itself. The
real question is therefore whether the results of a given
projection reflect an optimum compromise between
what the available data can offer and the detail required

" to serve the purpose of the rrojection.®

A third direction of eval iation of content melates to
the recognition given to tae band of uncertainty or
error which surrounds any projection. Above all, pro-
jections should avoid giving the impression of greater
precision or foreknowledge than is warranted. This is
ouly partly a question: of semantics. One can argue that
¢ projection is not a prediction, and that a resding of
the text will invariably disclose a convenient escape
clawe in the form of the usual “ceteris paribus”
proviso, and that, in any event, “let the user beware.”
However, in the praciical world, forecads are used as
given, and the attendant qualifications terd to drop out
of consideration. This danger can only be minimised
by giving equal prominence to the esimated band of
wncertsinty surrounding a given projection as to the
results themeelves. ™
D. Eveluating the Vi:efulness of Projections

Because projections are typically developed for
® Considersticns of accuracy give rise to the question of the
telative cost ol an overestimate versme s underestimate. For
parpoess of menpvwer plasaing, sa underestimate may prove

svere contly. Ou this peint, sre the remarks of Sidney Soseablum
um.

®Morgrastara (op. cit), p. 64, cites & classic example of mis-
plosed sccursey: thet of the man who estimated the age of &
rivc? 3¢ 3 millen aad 21 yesre, becanse 21 years esrlier, he hod
seet its oge given o 3 millien years Unfortusately, routine
arithaetical compotations raguire the wse of specific estimates,
deagite the baxd of erver which may surround them. The real
danger is olways thet srithmetic precision will be confused with
empirical scceracy.
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practical purposes, their evaluation must include some
consideration of their usefulness in meeting these
purposes.*® Since many projections serve & variety of
uses, such evaluation requires some notion of prioritiee.
When projections are designed primarily to serve the
needs of the pslicymaker, their evaluation must recog-
nize the constraints imposed upon the technician by the
pressing demands of policy formulation. The basic
function of the policymaker is to map a course of action
into an uncertain future. He is not merely called upon
to make prognostications from time to time; he is
immersed in the future all the time, and must constantly
formulate and express his outlook on the future in
relation to specific objectives and policies. He must
therefore be provided with a variety of statements
having a future reference, but related to current trends
and policies. These statements must often be prepared
on very short notice, and may commonly be altered
quickly, with little chance for more than the most super-
ficial rescarch. Hence the evaluation of such statements
or forecasts cannot be carried out in terms of the thor-
oughness of the methodology and underlying research,
but must consider instead their timeliness and over all
consistency. %

The vimplicity of a projection technique may itself
be an important aseet to the policymaker, since he is
often required to convey some notion of tne assump-
tions underlying his forecast briefly and in nontechnical
language. Projections designed to meet such purposes
should not be evaluated in terms of criteria appropriate
to the analysis of the more recondite research efforts in
the field.

In contrast, projections designed to provide the
policymaker with detailed guidelines, measures of
progress toward a specific goal, or elaborate delines-
tions of the possible consequences of alternative courses
of action must be evaluated by considering their as-
sumptions. methodolegy, and overall consistency in
the fullest detail. Such projections should open wp
options; their assumptions must be sufficiently explicit

* A4 noted previously, the principle purposcs of governmental
proiestions sre admirshly summarized by James W. Knowles,
op. cit. (99). Also see James W. Knowles (100), p. &L For
an evalustion of a group of recent short term economic fore-
casts, see Victor Zarnawitz (207). A more detailed exposition
of the metnods of evaluation of be forecnsts in genersl
is forthcorring. Ses Jocoh Mincer ead Victor Zarmowita (131).

“The preparation of a quick forecast does mot mecresarily
imply the use of simple or intuitive methods. If a forecesting
modc; is truly eperstional, it can, in priaciple, be used to gee-
etste new prejections voder 3 wide runge of specibed sssump.
tione on very short order. Of course, many of the quick fore
casts that are demanded are oo waique and pocrly wpecified to
be readily ftred into any comples model
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to permit a clear distinction among the alternative
series. Their evaluation should therefore focus on the
explcitness of the assumptions, the clarity with which
their likely consequences are described, and, most im-
portant, their variety and imaginative composition.

Projections which best fulfill the sbove purposes
must actually serve in two capacities, and should there-
fore be evaluated accordingly, Their overt function has
already been emphasized—to alert the policymaker to
the scope and range of the alternatives before him and
offer added insight into the attainability of desired
goals, or the desirability of attainable ones. Their hid-
den function is, however, just as important—to provide
an awareness of the limitations to action which exists
in a given situation, the constraints imposed by limited
resources, political exigcacies, the weight of habit and
custom, the occurrence of unpredictable events, and the
like.®

As was discussed in the second chapter, projections
serve a number of purposes additional to those men-
tioned above. Following the sequence of purposes sum-
marized there, appropriate criteria for their evaluation
can be suggested in each case. First, the ability to
provide advance warning of impending strains or im-
balances given a continuation of current trends affords
a stringent criterion for evaluation. The evaluation of
a projection on the basis of its success in this respect
necessitates an ex post facto analysis, since it presup-
poses knowledge of what did or did not occur over the
projection period. Even with such knowledge, this kind
of evaluation is difficult. It is always poesible to detect,
with the advantage of hindsight, signs of impending
events which were not at all obvious prior to their oc-
currence. Furthermore, forccasts which tumn out, by the
merest chance, to be remarkably accurate are likely to
convey to both the forecaster and his methods an
undeserved reputation of forecasting ability. The repu-
tations of many traditional soothsayers and oracles
were largely buik ug in this manner. Since their prog-
nostications were commonly expressed in sufficiently
ambiguous terms as to be consistent with a wide variety
of outcomes, their forecasting ability is not surprising.
Today's quantitative forecasts do not usually allow such
generous bounds for forecasting error.

In evalusting projections oa the baais of their ability
to provide advance wamings of coming change, it is
neceasary to recall their “self-denying™ possibilities. A

“The thoughtful remarks of Simon Kuznets provide s rlear
sense of the difficulties of evelusting projections in the context
of changing social sad political reslities. See Simaa Kumnets
(101). The same problem, seen fram the viewpoint of the busi.
wess forecsster. is weefully discossed in Edward J. Chambens
(25),ch 12

projection of an impending problem which sets in
motion a course of action which overcomes the problem
will have served a vital function although it turns out
to be highly inaccurste.

Evaluating the ability of projections to elucidate the
probable consequences of alternative policies or pru-
grams requires some decision as to the appropriate
limits of the technician’s professional competence. For
example, current laber force projections show substan-
tial increases in the labor force perticipation rates of
voung adult women. Should such prejections be sccom-
panied by a discussion of the possible unintended cou-
sequence of such a trend, such g+ a possible rise in
juvenile delinquency or other strains on the structure
of the family? ® The fact that such speculations cut
across conventional disciplinary boundaries does not
affect their potential usefulness to the policymaker. In
the longrun, the noneconomic consequences of particu-
lar manpower policies may turn out to be even more
significent than their economic impact.

A far more stringent criterion for the evaluation of
projections is the consideration of their success in as-
signing probabilities tc the possible outcomes of speci-
fied assumptions or alternative policies. Only strictly
quantitative projactions offer even the possibility of
meeting this requirement with any precision. However,
it should be possible {or technicians who develop alter-
native series of projections to accompany them with
some kind of rough probability ranking, arrived at
judgmentally, on a scale from h'ghly probable to highly
improbable. The use of such a scale would also be
helpful in selecting & single most likely series for fore-
casting purposes.*

Where projections are designed simply to extrapolate
trends from a specified period in the past, their evalua-
tion is more straightforward. Here, the relevant criteria
are the adequacy of the statement of assumptions. the
appropristeness of the technique selected to represent
the central tendency of the obeerved data, and the
sccuracy of the derived extrapolation itself. Similar
criteris are appropriste in evcluating projections de-
veloped to prescribe akernative psths from a fixed base
line to a predetermined objective or tatget level. The
adequacy of such projections rests ukimately on their
consister.cy with the specifcd assumptions.

®This is intended to be purely illuatrative, and presupposes
the existence of evidence showing & positive amocistion between
the percentage of working mothers and the incidence of juvenile
delinguency. We are Segging two questions hete—does this as
mcistion exint? and, if 92, does it imply what we are smumiag
it to imply?

“ An interesting example of this kind of scaling is to be found
ia T. J. Gordoa and Olaf Helmer (op. cir)
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The incressing use of projections as elements in s
larger modal or in a chain of related projections sug-
posts. further criteria for their evaluation. An obvious
congideration is the mutual consistency of the assump-
tious which underly each of the projections which are
Himked together. In prepering any projection, some at-
tention should be peid to the more obvious usages it
will be given in amocistion with related projections.
For example, a pugulation projection is more useful as
8 base for labor force projections if it provides grester
age detail for persons age 16 to 24 and 55 and over,
since the worker rates of persons in these ages change
rapidly. By the same token, the usefulness of population
projections would Le grestly enhanced if separate pro-
jections could be shown of the civilian, noninstitutional
population, for wee with projected civilian labor force.
Similarly, projections of total and civilian labor force
should be made available to meet different user needs.
Akbough the tailoring of & projection to meet special
requirements of this sort may add considerably to its
cost, the ad boc adjwstments which must otherwise be
made by the sser himeelf are likely to be both costlier
and less accurate.

Most dificuk (o evaluste are the projections which
offer the greatast potential challenge—those deliberate
inventions or scemarios of the future which seek to
explore the conssouences of a set of hypothetical cir-
camstancra. Perhaps the grostest danger in this kind of
imaginative exercise is the non sequitur. However, we
are decing heve with possibilitics, not with necessitiss,
0 that a weaker criterion of evalustion than strict im-
plication is calied for. Perbaps we are agzain ket with
plausibility as the oaly criterion which affords a basis
for criticiem while recognizing that any conceivable
future is possible in a nondeterministic universe. The
problem with plansibility is that it, too, deinands an
operationally mesningful definition; otherwise, it re-
flects litthe more then one’s cultural background, values,
and predilections. Since, to the ordinary critic, no
futare is plawsible snlems it reflacts an idealization of
the present, the criticism of bouristic projections of the
grounds of their plemsibility would introduce a power-
ful coneervative bias into their evaluation and thus
grestly wesken their potential contribution. A better
basis for evaluation may be found in considering the
thoughtfulness and ingwnuity of their development and
the overall sdeguacy of the structure of their hypo-
thetical detersingats snd consequences ®

The evaluation of projections ia terms of their sbility

©Sce the tre. chent obeervations of Bertraw Crse (72). For

o brie! summary of his chollenging views, me Bertrum Crom
(71).
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to fulfll a public information function brings into
consideration their potential audience. As previously
noted, the requirements of technically trained users
differ markedly from those of either the policymakers
or the general public. Both multiple nrojections and
single forecasts are apt to mislead the general public;
the former because of their indefinite quality and the
latter because of their apparent determinism. In addi-
tion, a forecast, when published, carries the authority
of the publishing agency behind it aid tends *o be
interprcted,'in some sense, as agency policy. For these
ressons, it is necessary to evaluate both projections and
forecasts in terms of the balance they maintain between
the theoretically possible and the historically probable.
While both projections and singular forecasts are
rooted in historical trends, the former can only be given
an appropriate range by emphasizing theoretical possi-
bilities representing departures from past trends. The
forecast, on the other hand, must reflect a selection
from among these possibilities with emphasis upon the
historical trend. Unlike projections, forecasts should
not be expected to depart radically from past trends
unless the departure can be suppo-ted by strong
evidence. The burden of proof in a forecast (again,
vnliks & projection) should rest on the assumption of
a major change in underlying structure rather than on
a continuation of past trends.

The primary needs of the general public in regard to
projections and forecasts are for clarity of exposition,
careful lebeling of results, and an understanding of the
vital educational role to be played by any pronounce-
ments about the future. In evalusting projections as
public documems therefore, primary consideration
should be given (o their expression in nontechnical
language, with only a necessary minimum of expository
detsil regarding methodology and assumptions and
greater emphasis on purposes and uses. This require-
ment cannot easily he met when projections sre the
product of technically complex econometric procedures,
but even here, a noatechrica! summary of their as-
sumptions and procedures, followed by a careful state-
ment of their intended uses is essential if the projec:
tions are to be wsed intelligently by those wh> lack the
technical training of the econometrician.®

To the informed public, forecasts are commorly the
object of smused septicism, reflecting the common-
sense view that a forecast is only good if it is sccun <te,
and this quality can never he determined beforchand.
Furthermore, forecasts are seldom the object of wide
spread pablic interest at the time they are issued: only

*The recest remarks of Socretary Wirts arv perticent ia this
regard. See Willard W. Wira (28).
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when, with the passage of time, they turn out to be
glaringly wide of the mark, or, more rarely, surpris-
ingly close to reality, do they receive great publicity.
In .1 latter instances, the aura of certitude which
comes to surround botl. the successful technician and
the successful technique may be more harmful than
complete scepticism, since it promotes slavish imitation
rather than innovation. For these reasons, the educa-
tional purpose to be served by the publication of pro-
jections rather than forecasts is of great importance.
Only when informed individuals understand the differ-
=nces among projections, forecasts, and predictions can
they be expected to examine projections in tiie light of
more relevant criteria than merely their predictive
accuracy. When projections are recognixed as accounis
of possible futures or “futuribles” (to use de Jouvenel’s
terri), they ~an properly be viewed as possible exten-
sions of human valu~e and goals (i.c., as target projec-
tions) or as extrapolations of trends which may
threaten these values and goals. Only then can the
expression of public reaction to given projections serve
to inform the policymaker of the public will in regard
to the essential task of guiding the future growth of
those aspe~'s of our society which are deemed appro-
priate objects of national planning.

The above considerations lead us to conclude that
projections cannot be adequately evaluated on technical
grpunds alone, and a fortiori, they should not Le evalu-
ated only by technical experts. Theii ultimate signifi-
cance cz: unly be perceived within a breader frame of
refercnce, comprising the society’s goals and values,

“The dangers of self-serving governmental secrecy in this
vital area are well summarized by Alfred Sauvy (op. ar, 1962,
p. 123f). As one of France's leading demographers, Sau-y hes
had extensive experience in the application of demographic and
evonomic techniques in the development of economic policies

- . b} R AT

snd, to use Shackle’s term, the current “rig” of the
society—i.e., the set of tensions or pressures arising
from gaps which exist at a given time between the
sctual situation and our values and aspirations.®® The
construction of such a frame of reference is coming to
be recognized as a crucial task for the behavioral scien-
tists during the remaining third of the present century.
Such a frame of reference woull require the develop-
ment of a system of social statistics supplementary to
the economic statistics on which so many current esti-
mates of the society’s conditicn must rely. Given such
a system, selected measures could be used, separately
or in combination, as socisl indicators—i.e., readings
of the current status and evident trends of the society
in regard to specified goals or program objectives.%

The primary significance of this development for
projections of labor force is that it affords both a chal-
lenge and an opportunity to bring the probleras of labor
force growth and manpower development out of the
constricting framework of a conventional supply-
demand calculus into a broader perspective of social
goals and aspiraticns. Only within such a perspective
can the potential costs and benefits of alternative man-
power policies be estimated in social and peychological,
as well as economic terms.™

®George L S. Shackle (166), pp. 112-118 This essey is 2
perceptive commentary on three lectzres by Bertrand de Jouv-
enel on “models of conjecti re.”

® A gen:ral outline of such a system is developed by Bertram
Gross (73).

™A challenging account of the plurality of rationalities which
must be considered in the development of social policies is pro-
vided by Paul Diesing t44). The need o incorpora.c non-
economic factors in the solution of economic problems is also
well stated by Allan C. Gruchy (75). Also see Melvin L. G:ven.
hu: (69} and Alfred L. Thimm (196) A clear statement of the
transeconomic nature of manpower problems is giver in Heary

For a Lriel exposition of his thinking on vemogra phic<conomic Devid (18). Also see the discussion of t} - -ue by Harold L.
projections, see Alfred Sauvy (op. cir, 1969). Sheppard 1167).
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judgment calls although I would add a parenthetical
comment:' We represent B and C as more reasonable
and probable and A and D as extremes, which is a
minor point. I should have elaborated on the expecta-
tions and stated we are basing the choice on this na-
tional survey which has been carried out three times:
in 1955, 1960, 1965; asking women how many children
they expact to have in 5 years. This survey goes no
further than 5 vears and the data has remained constant
at three. knowledgcable people in the field working on
the expedtations data pointed out we were talking only
to young women of childbearing age, we don't inter-
view anyone 10 to 14 years of age. Within 5 years these
girls prgduce a number uf babies. If we get a range of

!
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probability around one figrice, I'm sure we would do it.
1 loel we ought to try.

When Lienis was showing the problems which beset
him with the Jemale participation rate 25 to 29, I would
take ‘he official bureau position, the one he hae pre-
sentea. He presented a series of assumptions. We say
they are bald assumpticns: If they come true the popu-
lation will be thus and so, but since our assumption
becomes his starting point, with the mental torment we

put him through regarding the number of babiés to be

produced, which scries to select, I wonder if this is a
vseful exercise. Qur position is, “Look, folks, we don’t
know exactly what is going to happen; these are your
alternatives. You have certain situations; use this. the
way you want,” This is what we did and why, which is
quite involved. I feel sympathetic because before I
came to the Bureau 1 was irritated to find they were
giving me four, not three. You cant even pick the
middle one and I had to read this long detailed ex-
planation. It is tough and 1 am not really presenting a
position so much as asking a question.

Dr. Jounston. 1 ended by saying whatever else pro-
jections do they educate us and I dont say it as pro-
fessional training.

Dr. SLarkosxy. What do you_ suggat as the proper
alternative criteria for projection. Ydu are saying you
can’t use the fact ihey were either cérrect or wrong in
some sense. The proper criterion should be internal as
I understood it. You stated they were educational.
Kindiy elaborate as to the kind of education you are
referring to.

Dr. JomnstoN. I don’t xnow. l get to the outer edge
of my own ability to c«ﬁnprehend the area in which I
earn my living. We are groping for a sense of social
goals, social indicatgps or progress toward social goals,
There was a book published last year, “Social Indica-
tors.” As my old professor.at Harvard used to say,
“The only thing that gives this beok unity is the cover,”
but in the book is a very godd collection of work relat-
ing to the problem of the social s:iences—how do we
get even measures to our goal, much less the zoals we
all agree on. We want healthy and peaceable people all
over the world. We would like people to be educated,
so they can fulfll their creative potentials. All these

goals [ state, may sound clear enough but they are not .

transparently clear. You can have something that
sounds clear when you read it but it's ambiguous in its
implications and its connotations. All of our social
goals are ambiguous in a sense. What do we mean by
health, education, peacefulness, and social order. We
want growth. This contradicts the notion of order.
Maybe you can’t get growth without disorder. We need
7
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to know when we have a goal to agree on and how we .

measure our progress ioward it. “Sociz! Indicators” by
Al Biderman ‘has a chapter relating tc the Uniform
Crime Reports of the FBI, and tries to show how mis-
leading the statistics are. You get the idea they do
more harm than good in informing the public about
the phenomena from this article. I'll try one measure
of the effectiveness of a projection to my way of think-
ing: Has it given more fruitful directions to search for
measures of attainment, progress or advance? Does it
give us insights? Does it open possibilities of seeing
relationships we would otherwise overlook? Does it
open possible siternatives we would not have consid-
ered? The idea of giving every potential Viet Cong a
Ph. D. is a typical far-out stupid irrelevant remark, but
20 years ago this might not have been unfeasible. When
political relationships were sufficient we could take
some of the leaders of these underdeveloped countries
and educate them. It might have been feasible in China
20 years ago when they were still friends. These are
far-out alternatives; projections may serve to open
possibilities. I'm sur: concerned about the ones that end
with a prediction. One thing about a prediction: You
can be sure it will be wrong.

Dr. Starkosky. Let’s talk about your projections. If
you are interested in the insight you theoretically get,
you internally are doing projections and you may get
some. It <eems the value of these insights are only as
good as your projections. It is only afterwards they
receive any value. It you agree then one of the values
in this procedure is looking at how good your projec-
tions and forecasts were. Only by this reflectivity can
you profit internally and, as matter of fact, see the
implications of various variables or interrelationships
that might exist in the area you are discussing.

Dr. JounstoN. You prompt a reply that makes me
sound a little schizophren{c. I agreed with Dick Irwin
when he said if you had a choice between a wild pro-
jection and an accurate one, he would werk on the
accurate one. This schizophrenic element is here. The
future is something we are inventing. It is a function
of the past but also a function of decisions we need to
make and the question is what do we want to be and
what do we want to do? There is a book by Dennis
Gabor ard I quote the title: “Inventing the Future,”
which can sell the book. I read it and ’'m not as satis-
" ' vith the inside as 1 am with the title. We are
wvolved in the business of invention and not just
technological invention. Our best inventions in the next
50 years are going to be in the social area. We have
seen that today to know this is true.
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Mzjor MARTING. How does an internal criterion nf
information measure the usefulness of a forecust, other
than how accurate it was as viewed years afterwards?
Another problem—you choose what you consider to be
the most likely set of assumptions and then make a
single projection which becomes a forecast. I have hud
experieace with problems where one set of assumptions
had a likelihood of 10 percent. This was the most likely
set of assumptioas. But there were others quite widely
spaced that had a likelihood cf 9 percent. So I had one
most likely set of assumptions but it wasn’t much more
likely than something radically different. The point is,
I'm changing roles for a moment and speaking not as
a forecaster but as a consumer of forecasts, the de-
cisionmaker, the edvisor to the decisionmaker who has
to uze the forecast. The statement, this is the single
most likely set of assumptions, is not nearly as useful
as telling me: Here are three. or whatever the number,
about equally likely things that could happen. Al, how
do I judge the utility of the forecast? I judge it in
terms of how well it helps me plan for the disasters
that might happen, and do this within my budget. Tt
may be that the disasters never happen. If I have
optimally deployed my resources, I have not wasted
them on an uxlikely disaster. But [ have deployed them
in defense against reasonably likely disaster; then if
this is not the case and they don’t happen, the projec-
tion and the forecast was inaccurate but, nevertheless,
it was useful to me.

Dr. jonsston. [ think you made the point better
thar I could. Sometimes you make a projection you
hope will be self-denying and sometimes you make one
vou hope will be self-fulfilling. The government in its
infinite wisdom is always doing this. When a projection
about a labor force is made we are, in effact, trving to
announce: “Look, folks, we are going to have & hun-
dred and five million people that are going to be work-
ing or looking for work. With more than 5 percent of
them lookirz for work, we will have troubles, We've
got to get a hundred million jobs.” We hove it is self-
fulfilling in the sense that we don’t kaow of any viable
alternative to being able to make yoar way in the
world-of-work. Someday evervbody may bLe educated
to leisure but that would be an alternative. This self-
denying prophecy is also useful- ~the one yvou look at
10 years later and say, “Gee, thet was all wet: we
didn’t have an atomic war.” It was ussful at the time
because it lad to policies and programs which made
war less likely and causel 1t not tc happen. Certainly a
great dea’ of your work is in the area—1 hope all of
your work forever will be self-denying in that sense, if

you prevent what everybody hopes won't happen.

Mr. CETRON. I was glad to hear you mention the war
ur:A the ones who will understand the work in the future.
Daddario, in our Congress now, in a briefing a few
weeks ago said he was pushing to have a group set up
reporting directly to Congress, indicating what the
possible future world will look like. What is techno-
logically feasible, socially acceptable and the second
group, not this same in Congress saying, ‘Now, not
1984 we will do this and this, but how do we pull to-
gether and coordinate various people going in different
directions to make sure the better goals for thir country
will be achieved.” Part of the rationality brought out
was Daddario said, “You are talking about 1984; you
brought it back over here; you are going to direct us;
we're going to have a ruling group—not an aristocracy
—telling us what the future will be,” and I think he
handi~d it well by saying, “No, I'm not. I'm trying to
say what would make the world a better place to live in,
especially the United States, what we can do by coordi-
nating the technology, the social implications, to make
sure this will be available and, how is this going to
put us in a better position to take care of the country
as a whole.” I believe this is the point we are trying to
bring out. Your output, the labor force, the input on
the census, these things are inputs to them because
they’ve get to use this as part of their rationzle. The
better your figures are, or the poorer, take your choice,
the better their projections will be with the social
implications, which, is where you start your projections
of technoldgical forecasts. There is a major turnirg-
around on the outside, a ferris wheel in a sense, and in
the center is your future environment. Things are
happening and we are trying io clear the focus on this
crystal ball. We are on target but every year we adjust
and [ think that’s what you are trying to do.

Dr. Jounston. It should be a continuing process.

Mr. FrIEDMAN. Those of you who do not live in or
around Washington, D.C., may not be aware the local
tabloids devote considerable space to the Federal em-
ployces of the nation. You also may not be aware of a
recent article which suggested we extend the work day
one-ha.f hour by extending the lunch period from a half
hour to an hour, and the Federal Government would
save a billion dollars. What does this suggeat to your
projected labor force figure? How does this affect your
thinking?

Dr. JounstoN. One of the biggest weaknesses in our
labor force projections is we treat each person as a
unit and a person could be working for pay or profit
1 hour & week or more and he is in the labor force.
The biggest 'nknown, and this may be an advantuge,
it gives some leeway in planning for jobs because if
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you are getting people who would be working part time
some won't work under any other conditions, you
may {alk about a hundred and five million peoplc in
the labor force, but in terms of hours of paid employ-
ment, that would have to be previded—your might have
a plus or minus factor of 10 or 15 percent depending
on the willingness or readiness of the people to work
shorter or longer hours. We do need to refine our pro-
jections by introducing still another variable, which
has to be projected, namely, an average of hours
worked. We think of two thousand hours as a con-
venient work year pattern: 50 weeks, 40 hours a week,
give or take a week or so. But it is not 2,000 hours
because more people in the labor force are coming
down to 1,800 and for others it is i.alf of that o~ a
third. We need to have that variabie and we Jdon't.

Mr. FRiEpyAN. If the purpose was to extend the work
day a half hour, eliminating the need to hire ten thou-
sand additional people. thereby saving a billior: dollars.
That was the implication. If you do not hire ten thou-
sand people what does this mear to your unempioyment
force?

Dr. JoanstoN. Much of our work is at cross purposes
because what you are saying is: You are going to
reduce :he demand and demand being reduced in Gov-
ernment is still a small component of the total economy.
Labor is a very expensive component. You have every-
body reducing demand then what are we going to do?
One possibility is this leisure world that David Reisman
has been talking about. I daresay it is going to take
more education to handle leisure than it ever has taken
to handle work—education at knowing ourselves and
what we are like, becoming acqusinted with ourselves.
Most of us can’t find out about ourselves because we
are too husy earning a living. Maybe that's good. It
looks like WPA, disguised under different initials. The
Government has been suggested as an emplover of last
resott, to which the cynics comment: It already is

Dr. Cuacko. I think you have informatica which
would take you out of that. I would like to point out
two things. You have been avoiding your responsi-
bility—not you personally—by saying the projections
will be checked against numbers. We could care less
about that and should be more responsible to our
obligations to the social affairs. If you were to say what
errors, in one projection, are going to have the worst
effect. For instance, if you were 10 percent off in pro-
jecting the labor force in the age group 50 to 60, this
would be less of a calamity thar the same kind of error
in predicting the labor force of people botween 16 and
24, the reason being the older sge group have the
wherewithal to find & place better than kids just enter-
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ing the labor force and the damage that would be done
by stretching the rubber band is far more acute in the
lower age level. I suggest if we consciously said, “This
is one position, the error will be more damaging than
somethiug else.” This is what you are doing by default,
simply saying everyone is equal, but this will be intro-
ducing & design having s format. There is one which
could work for projection purposes, which is the com-
pleted families. I know you have had thi: analysis, but
I don’t know what you are doing now. If a round figure
of three children is taken as the standard, it is clear the
family has two children and is likely to have cne more
rather than two. This again you can differentiate. If the
woman had two children before the age of 25, the
probability of having an additional child is higher
tuan if the woman is age 30 when she has two children.
We can narrow the area with this information and
check the actual data of family completion as we go
along. By watching this variable we can improve our
projections. You spoke of the econometric projections
and later you talked about the insensitivity of the Izbor
force to economic factors and hirth rates. The only way
to reconciie the two statements is to have an equation
of the form:
b b ba
ax1+a:024 .. . %y

Dr. JounsTton. Yes, 1 did it in a paper for a course
in econometrics. The result was a little beyond my
capacity to analyze but the professor, Martin Abel, a
wonderful teacher, was rather disappointed. Everything
was directly contrary to what we would be able to
explain on the basis of what we understand about
hutnan motivations. Maybe we are wrong. We are
approaching the results of an equaiion with notions as
to how people respond. Everything increases through
time, we are dealing with many seriai correlations. You;
get bzautiful correlations and you may get pretty tigh?
coefficients without too much variance. A standard de-
viation term might he accepted but you «re left with an
independent variable, which you have to make assump-
tions about. T don't want to disagree with your criti-
cism, that you don’t mean persoraliv, but I take them
personally because we are an underdeveloped world.
This is a world of soft science technology and T am in
a position whereby 1 can art on what [ learn. There
are only four of us working on this and we can do
something about is thiz discriminate analysis, but focus
on the groups that are impartant and vou are exactly
right. From 16 to 24 years is a problem. Beyond this
age people have settled into a routine or have the
wherewithal to copc. The young entranis are the cru-
cial point. | am making an educational projection, tied
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to the Census Bureau’s projections, for the: population
as a whole. Education is one variable that is subject to
policy maniyulation to a certain extent which we can
introduce at a faster or lower rate. I don’t know about
lowering it, but we can increase the educationa! growth
to an extent. You are right, our projection is deficient
because we have over-quantified. A person in the labor
force who is going to work 40 years, 40 hours a week,
52 weeks a year, is one; and a person drifting in and
out at random, working a few hours at a time is also
one, which is misleading.

Maror SwerT. A quick billiard with Dr. Slaf-
' ".oxy's question and Major Martino’s response. We are
addressing the problem of validity of forecasting and
what we have is this: The nature of all forecasts and
projections is essentially deductive. The sophistication
of technique can increase the validity of the product up
to but not beyond that of its entering assumption. The
weakest link in the chain of social sciences is the enter-
ing assumption. In trying to establish criteria to evalu-
ate forecasts, we find assumptions have to be verified
against data. Data varies by credibility with time and
we have none for the future. This is one reason yoa
can’t check a forecast against the future. The other is
the feedback effect. If anybody knows about your fore-
casts to that degree it is a steering signal that changes
the future condition and has a self-defeating or self-
fulfilling aspect. The future is no good to evaluate
forrcasts, even when you get there. As far as checking
against present data is concerned, you don’t have it
and it is not instantly available. There is an optimum
point in the past but you cant po back for data to
verify your assumptions because data becomes expo-
nentially uncertain as you go backwards. The farther
you go back the less is known about specifics to check
your theory against. There is an optimum poin! in the
not distant past where data is most valid for the veri-
fication of assumptions or premises. In the area of
international relations, which is mv field, data is best
at 5 to 8 years past. The criterion we are using to
evaluate forecasts is the degree to which entering as-
sumptions have been empirically verified. The interest.
ing thing is that some basic assumptions in my disci-
pline have been er-pirically denied, but continue to be
used as input. to scenario peneraters and forecasting

systems. The way out would be to increase the efforts
to verify or deny the assumptions on wlich hes: pro-
jections are based.

Dr. Jonnston. We think of this as the ego problem.
You have to reach in and out.

Mr. Hacke. The reported unemployment rcte under-
estimates actual unemployment and is self-limiting be-
cause—particularly to certain structural elements of
population—no one can receive jobs after a certain
point. Would you comment on this?

Dr. Jounston. Yes, the claim is valid. You can al-
ways suggest alternative measures but the measure we
use on unemployment makes it impossible for this to
be valid. You were talking in terms of the real world
and we are talking in terms of how we make a measure.
We measure unemployment by surveying a sample of
households about one out of every 1,100 households a
month. We cover around 52,000 households, the best
sample of any survey in this country—and 1 want to
compliment my census colleagues on the wonderful
work they do in that area. They do a survey each
month. We measure unemployment by responses to
questions: What were you doing last week? Was he
looking for work, or unemployed? We miss the people
we undercounted initially, maybe 5 million people. Are
those neogle more likely to be unemployed? We can't
jump to that conclusion. It has heen tried by ore con-
ference. Your questior addresses itself more sensitively
and our Secretary of Labor is putting it in these terms:
How many of our people are underemploved? You can
be underemployed if you are not using your education.
Then you can easily slip from that to the psychologist's
point: We are underemployed if we are not using our-
selves to the fullest capacity. I, personally, don't like
to be utilized to the fullest capacity because it makes me
feel tired all the time. There is such a thing as over-
employment and T am overemployed but we don’t krow
how to measure it. Some peopie are discouraged. In the
survey of 50,000, under age 65, we found a small num-
ber of these. Many people are discouraged because
they are getting one day older every day. This is dis-
couraging for all of us. We can attribute this discour-
agement to something else, but it is discouraging to
get older and we don’t know how to measure this very

-

well.

Mr. Hacke describes a study he has recently completed, that required him to in-

vestigate several forecasting techniques which also involved trying to forecast “what
might have bren”, if history had been different. His cautionary words about how
difficult it is to find out what actually happened in the past, let alore make forecasts
for the future, should be taken to heart by all forecast~rs.

—Editor
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ANTICIPAleG SOCIOECONOMIC :CONSEQUENCES OF
A MAJOR TECHNOLOGICAL INNOVATION

.

James E. Hacke, Jr., Stanford Reiéarch Institute

INTRODUCTION

This is a report on two related research projects.
One was to produce a manual on technological fore-
casting methods for the long Range Planning Service
(LRPS) of Stanford Research Institute. This project

has produced two volumes, now in galley proofs, en-

titled “Forecasting Technological Change: Exe:utive

Overview and Forecasting Technological Change: Man-
ual for Analysts.”

The other project was for the National Science Foun-
dation to assess the feasibility of anticipating economic
and social consequences of a major technological inno-
vation. A paper that I gave last year at this symposium
embodied preliminary results of this study. Its title was
“A Methodolovlcal Preface to Technological Forecast-
ing”, and it sought to prove the thesis that technological
forecasting has the scme epistemological warrants as
such other applications of scientific knowledge as engi-
neering and medicine.

The final report on this NSF project has just been

released for publication.! In broad outline, the research
plan was to assemble, analyze, evaluate, and organize
existing methods for forecasting technological .change;

to assemble, analyze, evoluate, and organize’existing .

methods for assessing socioeconomic impaets of past
technological innovations; to combine the two sets of
methods into methods for anticipating socioeconomic
impacts of future technological innovations; and to try
the methods out on a past innovation to see how they
work, g . -

This paper therefore falls naturally into four main
perts, following this introduction: Technological fore-
casting, assessing socioceconomic impacts, testing the
combined methods. and contlusions. Flrst, methods of
forecasting technological change. .;

*James E. Hacke, Jr., “The Feasibility of Anticipating Eco-
nomic and Social Consequences of a Major Techhologicll Inno-
vauon” (SRI, May 1967). r

‘ - ¥

TECHNOLOGICAL 'FORECASTING

In his monumental volume,“ Erich Jantsch described

" more than 100 techniques that he calls methods of

technological forecasting. But, in the first place, he
includes all human activity, from basic science to gov-
ernment, in the subject matter of his forecasting; sec
ond, he includes diffusion (among disciplines, indus-
tries, nations. and cultures), along with innovation,
as something to forecast; and, third, he advocates what
he calls normative forecasting, or goal formulation and
planning, among the forecasting tasks.

Both for methodological and for practical reasons;
the scope of the forecasting task here studied is much,
more limited. We differentiate technology from science, ,
economics, sociology, and politics; study innovation -

#“Technological Forecasting in Penpecuve” (OECD, Puiu.
1967).

and not diffusion and leave goal formulation and
planning to others.

, Technologlcal change is not a proceu that goes like
clockwork, with every tick highly predictable from the
sequence of past ticks. Individual technological ad-
vances are almost comp‘etely unpredictable. So, if you

will, technological change is like human birth. Eacli

birth is the result of’hlgh]y unpredictable activities;
but the birth rafe is }{ot completely m:predictable.

‘We cannot forecAst technological change with com-"

Plete confidence and accuracy, any more than we can
forecast the bxnﬁ raté with complete confidence and
accuracy. At m&ptrw ‘pan forecast that technologica)
change will proba'b y"{all ‘within a certain range. The
real question is w)/}

ef such “iffy” forecasts are useful.
Technologlcal change does not go on in a vacuum. It
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is largely the result of technological effort, and that
effort is motivated largely by economic and social
concerns. Technological innovations in turn have eco-
nomic and social consequences: think of the Bomb, the
Pill, and LSD. In my opirion, nevertheless, technologi-
cal development is miuch more dependent on socio-
economic developments than vice versa. This is a basic
contention underlying the whole study.

In the light of this contention, the rational approach
to technological forecasting is to start with forecasts
of economic and social conditions, goals, values, be-
liefs, and concerns. These forecasts can assist in judging

.-whether specific technologizal efforts are likely to re-

ceive more, less, or the same support in the future as
in the past. These estimates are the principal bases for
estimating whether future technological trends are
likely to follow historical patterns or to diverge up or
down.

Having made a technological forecast, the analyst
should investigate possible economic and social con-
sequences of the forecast technological chzages. If

necessary, he should modify the socioeconomic fore-
casts that he started with, and repeat the process until
the socioeconomiz and the technological forecast are
consistent.

The analysis, evaluation, and classification of fore-
casting methods in this study resulted in 10 generic
classes of forecasting methods, five qualitative and five
quantitative. The qualitative methods yield a picture of-
the probable futare pattern of technological develop-
ment. Quantitative methods yield the prehable future
change in parameters descriptive of the state of the art
in a technological discipline. A parameter is meaningful
only in the context of a known technological pattern;
and, when a parameter reaches a critical value, a
change in pattern may become possible or necessary.
So you can start either with patterns or with param-
eters. Either way, you must continue investigating the
proballe effects of eack on the other until you have a
forecast that is qualitatively and quantitatively con-
sistent.

b

QUALITATIVE METHODS ’3

The five qualitative methods are those that forecast
the probable pattern of future development. These
methods can give insight into such aspects of the future
as the layout and organization of the metropolitan area;

the nature of future transportation and communication

systeins; and relations between men and machines in
the future business organization.

The first of these five qualitative methods is delineat-
ing the boundaries of the possible. These boundaries are
set by the definition of terms, budgetary identities, the
laws of science, the present technological situation, and
the nature of human utility. Budgetary identities ap-
ply not only to money but to manpewer and material
resources. Any future development of the U.S. railroad
system must start with rails that are now 4 feet, 8%
inches apart. Telephony Letween the United States and
India will be of limited utility as long as they sleep
while we work and vice versa.

The second qualitative method is historical analogy.
We use it whenever we use metaphorical labels like
“iron horse” and “industrial revolution”. But the only
systematic attempt to apoly historical analogy to tech-
nological forecasting of which I am aware is in a book
edited by Bruce Mazlich.3

By comparison and contrast with another great social
invention, the transcontinental railroads, Mazlich and

) ’“T_he Railroad and the Space Program: An Exploration in
Historical Analogy” (MIT Press, 1965).
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his authors try to draw conclusions about the space
effort and about the general nature of social invention
and technologica! effort. One of their conclusiors:
Innovations do not move from one industry to another
primarily through literature, but in the minds of trained
employees.

The third kind of qualitative forecasting method is
perhaps the most widely used: expe:t opinion. At first,
it seems reasonable to go to an electronics expert and
say, “Give me a forecast of the future of electronics”;
but this procedure is not so wise as it seems. First, he
is not necessarily an expert in forecasting. He will
almost certainly invent his own forecasting methods,
without being aware of what has been learned about it.
In the second place, he is likely to be ignorant of
developments in other fields that are going to have a
profound effect on his own. In 1957, when I forecast
the future of global telecommunication, I did not take
space communication irte account.

It is therefore usually be.er to rely on the technical
expert only for the present conditiens in his discipline
—including the present rate of development and the
nature and severily of presently visible barriers to
future development. On the basis is these data, the fore-
caster can erect a projection of probable future develop-
ments. He will want to check this forecast with the
expert, to assure that he has made no technical blunder;
but the responsibility for it is his.
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By contrast, the fourth qualitative forecasting
method, using consensus, makes deliberate use of the
intuitive forecasts of a variety of experts. The assump-
tion here 1s that the experts can bring a lot of knowl-
edge, remembered and unremembered, to Year on the
forecasting task. If the group includes a wide variety
of disciplines and economic and social viewpoints, they
can help correct for one another’s prejudices and
blindnesses.

Many ways of arriving at a consensus are open to
the objection that the experts can influence one another
psychologically as well as logically. The Delphi tech-
nique developed by Olaf Helmer and others at Rand
helps to obviate this limitation.

Consensus does not necessarily mean unanimity. The
experts may agree to disa~ree. This spread of expert
opinion can serve as an ertainty measure for the
forecast. _

These first four quaiitative iorecasting methods are
useful as far as we can reason in:~ the future from the

present and the past. This time span is adequate for.

almost all planning activities. But on some occasions it

would be advantageous to have some idea of the future .

as far as 50 years hence. Young people in school today,
for instance. may still be working in A.D. 2020. Edu-
cators would appreciate an inkling of what skills known
today will st'!l be useful then.

The last method of qualitative forecasting is useful
for discerning what is discernible about such a remote
future. It has been called inventing alternative futures,
and involves writing as many different, plausible, in-
ternally consistent future histories as possible: of the
world, of this Nation, and of relevant technology. From
these alternatives emerges an envelope enclosing the
long-range technological changes that may be expected
to occur.

As a matter of experience, only about a score of
reully different alternative world futures have so far
been invented. That there are so few 1ay reflect the
limits of human imagination rather than of the possible.
But'they surely embrace more alternatives than a less .

“extensive and systematic effort would produce, and

thus yield the best available basis for preliminary long-
range planning. And there will be plenty of time to
change plans to deal with the unexpected.

QUANTITATIVE METHODS

Before discussing quantitative forecasting methods in
detail, consider for a minute how to select and collect
dats on quantities to forecast.

A quantitative measure of a technology should indi-
cate sometking about how well we are likely to be doing
something tomorrow, as compared with today. The

chosen quantity should therefore actually represent the

technology in question. Speed records, for instance, do
not represent how fast our transportation cystems ac-
tually move goods and people.

Unfortunately, most technological data were not
gathered for forecasting, but for accounting and con-
trol. They are not aiways particularly appropriaie as a
base for forecasting.

Early in the development of a technology, there is
considerable uncertainty about what data are suitable
for any purpose, and there is little or no systematic
effort at collecting data, The forecaster must then be
satisfied with very approximate methods, until system-
atically collected and organized data becomé available.

Quantitative forecasting methods also fall into five
generic categories.

When you have collected and organized your data,
you can hardly help plotting them as a function of time
and seeing what the trend looks like. Forecasting by
extending past trends into the future is the first quan-

titativ - method: inductive trend determiration and
extrapolation. It is inductive because it requires no
explanation of why the trend is as it is. It just is, and
that is enough for the forecaster.

In 1957, James E, Rosenzweig 4 plotted aluminum
consumption data for thé United States for the years
1919-54 inclusive (see fig. VII-1). He extrapolated the
observed trend to a forezast demand for 8.59 billion
pounds in 1965.

Deviations from a straight-line course are probably
easier to see then deviations from anything else, so
the analyst is happiest if he can manipulate his data
to show a straight line trend. Rosenzweig used a loga-
rithmic scale for aluminum demand. Other transforica-
tions are possible.

Then trend line can be dravn and exiended by eye;
bat almost always the analyst will use statistical
methods. There are two pitfalls to watch for in such
use of statistical method.

The first is to take the trend line as the forecast,
without realizing that future values may vary from the
trend by as much as past values have. A main reason
for my using Rosenzweig’s aluminum forecast as an

—Tln his “The Demand for Aluminum: A Case Study in Long-

Range Forecasting” (University of Illinois “Bulletin,” 54, 63,
April 1957).
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example is his calculating and supplying the standard
error of his forecast. His forecast of demand for
aluminum in 1965 was one-tenth of a standard devia
tion off from the actual demand.

But the second pitfall to avoid is to take statistical
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relation of +0.80. Each point is like a moving average
over a period significantly longer than a year, and so
the actual fluctuation in demand for sluminum is much
greater than the data reveal.

So don’t take a trend line as representing what is
going to happen, without allowing for variance; and
don’t take statistical measures of variance too seriously
if serial correlation is present. Taken together, these
considerations may make a good-looking trend line
rather useless. A 95-percent confidence interval tha.
covers a 100-to-1 range may be of limited utility.

The second kind of quantitative forecast is even more
subject to pitfalls than inductive ticnd determination
and extrapolation. It is the attempt to find and display
periodic fluctuations in the value of a parameter.

In two circumstances, searching for periodicity
makes sense. One is when some reflexive mechanism
behind the phenomenon under study makes it fluctuate
periodically. For instance, some diseases may at one
time have traveled around the world, returning to the
site of a foimer epidemic when the population there
had lost most of its immunity. This may have caused
periodically regurring epidemics. But technological
change has largely destroyed this reflexive mechanism,
if it ever existed, Diseases, as well as people, now
trave! faster; but immunization and antibictics offer
new controls of epidemics.

The other circumstance warranting search for period-
icity is control by a naturally recurring phenomenon,
such as time of day and time of year. For example, the
average daily production of electricity in the United
States shows a regular secular trend; but it also shows
a S5-percent semiannual fluctvation about that trend,
peaking in summer and in winter (see fig. VII-2 and
VII-Z).

Cyclic analysis has become highly sophisticated, for
example, in analysis of communication traffic demand.
A somewhat different technique, harmonic analysis, has
been borrowed from communication theory by C. W. J.
Granger to forecast the sunspot cycle.” But in all of
these instances the physical basis of the periodic fluc-
tuation is evident. Human beings are so prone to see
cycles where none exist, and have wasted so much time
trying to forecast the stock market from sunspot cycles,
that the warnirg is probably justified: Don’t use
periodic analysis unless you know how the periodicity
comes about and why.

These first two quantitative methods are largely in-
ductive and heuristic. By contrast, the third is deduc-

~ *In “Spectral Analysis of Economic Time Series” (Princeton
University Press, 1960).

tive and theoretical. It consists in applying to the data
growth curves derived from theoretic~l assumptions
about the mechanism by which the parameters change.
In a paper at the Lake Placid Club last spring, for
example, Lialph Lenz applied to military aircraft speeds
a curve derived under the assumption that the speeds
of which aircraft are capable change annually by a
factor proportional to currently achieved speed, times
a factor that goes to zero as achieved speed approaches
orbital speed (see fig. VII-4.)

Forecasting by use of theovetically derived laws of
change is subject to the same statistical limitations as
trend extrapolation. Slight changes in the assumed
mechanism of change can yield large differences in the
forecast. But testing a variety of plausible assumptions
against the data may yield some insight into what is
going on to cause the observed change.

The three preceding methods seek to express the ob-
served and predicted changes directlv as a function of
time. The fourth quantitative method, trend correla-
tion, expresses the measured quantity as a function of
other, intervening variables, themselves considgred
functions of time.

At first, this might seem like exchanging one fore-
casting task for many, with no clear advantage.
But if the intervening variables chosen are actually
important influences o the parameter under study (or

conversely), the residual variance can be significantly -

reduced. After his inductive trend determination and
extrapolation of aluminum demand, Rosenzweig inves-
tigated the effect of several intervening variables and
chose two as significant: GNP and aluminum/steel
price ratio. A multiple correlation with these two inter-
vening variables reduced his standard error of esti-
aate, for 1965, to 20 percent.

The same caveats about variance and serial correla-
tion apply to multiple correlation as to those methods
that study phenomena directly as functions of time. In
addition, the form of the relationships among the de-
pendent and the intervening variables is uncertain and
is not often investigated in any great depth.

The final method of quantitative forecasting consists
in making a complete model of the prucess under study.
The modei may be analytical, digital, or stochastic.
Any attempt to be rigorous and precise in such a model
leads to many equations and many variables, and there-
fore is best trested with a computer.

The demographic projection methods described in
a preceding paper by Richard Irwin were complete
modeling techniques, of the particular variety that
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uses difference equations. As his discussion illustrated,
the attempt to erect a complete model leads you almost

inevitably back from considering quantitative to con-
sidering qualitative changes.

IMPACTS OF INNOVATIONS

So much on methods of technological forecasting.
More detail, and more justification of some of my
statements, is available in my NSF and LRPS reports.

As you remember, the basic idea was to combine
methods of technological forecasting with methods of
assessing economic and social impacts of past innova-
tions. 1 thought that assessing past innovations had
been well studied, so I tackled forecasting ‘first. Then
I turned to methods of assessing socioeconomic impact.

To my surprise, all of the studies I could find were
guilty of the post hoc, ergo propter hoc fallacy. If they
were studies of hybrid corn, they blamed all the
changes in American agriculture on bybrid corn. If
they were studies of farm miechanization, they blamed
all the changes on the tractor. And so on. I got an
economic historian to make a more exhaustive literature
search ana analysis for me, and he came to the same
conclusion.

In this impasse, I arrived at three propositions:

1. There are no technological forecasting methods.

There are just forecasting methods. Most of the meth-
ods I have outlined were in fact developed first for
bioiogical, economic, or social forecasting. The method
appropriate in a given set of circumstances does not
depend so much on whether it is technological, eco-
nomic, social, or demographic phenomena so much as
on the morphology of the data.

2. A method of assessing sccioeconomic conse-
quences of an innovation that escapes at least partly
from the post hoc, ergo propter hoc fallacy is as
follows:

Describe relevant developments following introduc-

tion of the innovation; describe relevant following de-
velopments were the innovation not introduced; and
take the difference between the two sets of develop-
ments. This is the impact of the innovation.

3. It makes littie difference whether it is past or
future impact you are studying. When it is past, you
have one extrapolation into the unknown to make:
What would have happened had the innovation not
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been introduced? When the impact is in the future,
you have two: What will happen if the innovaticn is
introduced, and what will happen if it is not?

This, then, * - . - i tiod developed for anticipating -

socioeconomic consequences of a major technological
innovation:

Using the forecasting methods analyzed and organ-
ized, describe what might happen, or might have hap-
pened, were the innovation not introduced; describe
what happened or might happen after its introduction;
take the difference. The remaining task was to test the
method, by applying it to a post innovation.

Example: The Transistor—After consultation with
the National Science Foundation and a fair amount of
analysis as to what would constitute a suitable innova-
tion for study, we chose the transistor. The trausistor
could be fairly unambiguously defined; I could under-
stand it; and we felt that plenty of data would be avail-
able. At the same time, it was not so minor as to con-
stitute no test of the method.

The idea was to go back in imagination to some point
in past time and use only data available at that time,
and see if we could make a forecast using that data
extending to some point in the more recent past. Com-
parison of the forecast with actuality would constitute
the test of the method.

Our first intention was to cut off at the end of 1956,
thus allowing a forecast over the decade 1956-66. But
the available information through 1956, both qualita-
tive and quantitative, was just not exiensive enough
for meaningful forecasting. So we moved the cutoff to
the end of 1957. This gave us two 9-year periods: from
the announcement of the transistor in December 1948
through 1957; and 195866 inclusive.

1 began by describing economic and social conditions
in 1957, giving evidence that would juiify a fore-
caster’s thirking that major social and economic trends
would contitiuz: for a decade as they had in the recent
past. Ainong this evidence was a forecast made for
Tempo in 1957.

Between 1941 and 1957, the electronics industry had
grown about 11 percem per year; but there were signs
of stagnation o: maturity in 1957, Production increase
between 1956 and 1957 was only 4.6 percent, and many
indexes were off. But three technoiogical developments
often associated with the transistor were already in
being, and had arisen independent of the tranaistor:
miniaturization, printed circuits, and computers.

Historical quantitative data on the early history of
the transistor proved unexpectedly difficult to come by.

$41970: Chellenge to Planners” (General Electric Co., Santa
Barbara).
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JETEC—later EIA—had accumulated and circulated a
lot of Jata, but they were proprietary and therefore not
available for this study. It proved necessary to tabulate
what data we could from the trade press and from

In this way we were able to develop four time series
that gave some basis for extrapolation: Total transistor
production (fig. VII-5)" transistor/tube price ratio,
number of transistor types, and performance parameter
(fig. VII-6). This parameter, paf.2, where p, is device
power dissipation and f. is maximum operating fre-
quency, is a quite genérally appropriate figure of merit
for active electronic devices originally developed for
microwave tubes. In addition, we had some data on
foreign transistor produciion, but not enough for
meaningful time-series analysis.

Analysis of and extrapolation from these data led to
the following quantitative forecast of the state of the
transistor art;

" By 1965, U.S. transistor production will have reached at least

6 billion units, and may possibly reach as many as 600 billion.
They wili have become thoroughly competitive in price with
vacuum tubes: the ratio of transistor to tube prices will average
comewhere between a third and three times as much per unit.
Tn these circumstances, performance characteristics will be fully
as important as price in dictating which device is chosen. Tran-
sistors with a dissipation rating of 1 watt will have cutoff fre-
quencies as high as 50 Ge/s. There will be at least 2,650 regis-
tered transistor types, and the number may possibly run into
the hundreds of thousands, although it is difficult to see how so
many types could be registered, kept track of, and advantage-
ously used. Other free world countries will compete effectively
with the United States in producing and marketing transistors.
Of these, Japan, already producing a fifth as many as the United
States. is in a particularly strong posiion.
Two of the quantitative forecasts proved greatly over-
optimistic. Transistor productior. in 1965 was only
one-seventh of the minimum prediction, and the power-
frequency capabilities of current transistors are orders
of magnitude less than forecast. These predictions
therefore were not quantitatively fulfilled. They might
stili have served as useful indicators for the planner.

The other two extrapolations—number of transistor
types, and transistor/tube price ratios—fell comfort-
ably within predicted confidence limits. Japan’s 1966
transistor production was /2.4 percent of that in the
United States.

The application of several different methods of fore-
casting qualitative technological changes led to this
forecast:

The wealth of possible transistor materials and configurations
that knowledgeable experts could have enumerated in 1957 as
worthy of explorativn would have given a forecaster grounds for

expecting that transistor technology would continue to advance
over the ensuing decade at a rate comparable to that prevailing
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through the preceding one. Shockley’s expectation, first pub-
lished in 1950, that semiconductor electronics would compare in
magnitude and complexity with all of the rest of electronics,
scemed well on its way to fulfillment in 1957. The pattern of
applicability, already highly complex in 1957..., could be ex-
pected to continue tp increase through additional applications.
However, in none of the applications...had the transisior be-
come dominant. At{the point for each of several important ap-
plications—hearing ‘aids, computers, and domestic radio receiv-
ers, for example—when transistor prices and capabilities made
thern better than competitive with vacuum tubes and when de-
signers had acquired the skill necessary for designing with
them, design effort would switch from tubes to transistors.
These forecasts were borne out by developments

through 1966:

Every one of 40 hearing aids evaluated in Consumer Reports,
January, 1966, was transistorized. In the 1957 Spring and Sum-
mer [Sears] Catalog..., every console phonograph and radio-
phonograph and every portable radio, radio-phonograph, and
phonograph listed is transistorized. All but 4 of 19 table radios
are transistorized.... Only in the telcvision set has the tran-
sistor not taken over from the tube in consumer electronics.

The partial success of these forecasts of transistor
technoiogy lends some credence to the assessment of
the impact of the transistor on the electronics industry:

.. the U.S. electronics industry continued to grow at its his-
torical rate of 11 nercent per year, instead of “slowing down,”
as it might have had it not been for the transistor. Consumer
electronics products continued to grow in sales volume. Produc-
tion in the United Statc- of transistorized radio receivers in-
creased in volume by 9 percent per year, but deciined somewhat
in total value. This relatively slow rate of growth of volume and
decline in total value of receiver production is undoubtedly due
in large part to Japanese competition. ...

The expectation that by 1965 there would be a half-dozen or
less major suppliers of transistors in the United States has only
partially been borne out. Some 41 companies produce some
transistors. But not more than a dozen of these are major pro-

ducers, and not more than six account for a majority of the
transistors produced in the United States.

Although quantitative data are not available, there is quali-
tative confirmation of the “forecasts”. .. of the revival of stand-
ard-band, amplitud~ modulation hroadcastmg and of the shift in
consumer repair services almost entirely from radio to lele-
VlBlOn .

The major impact of the transistor on industry in
general was through its influence on the cost and there-
fore the extent and distribution of automation. It was
easy to see (and was foreseen) in 1957 that one major
impact of automation would be on the size of the
civil-service force and in the distribution of demands
for skills in the labor force. Interestingly enough, there
were forecasts about a decade ago that automation
would produce large-scale uremployment as its first
effect; but these forecasts were not made by people in
the electronics industry. In electronics journals, the
forecast was that automation would sustain employ-
ment, at least at first, through its effect on productivity;
but that it would cause increased difficulty with struc-
tural unemployment. These forecasts, which I embodied
in mine, have been fulfilled.

This was about as far as I could go with anticipating
the social impact of the transistor. The reason had to
do with the fact that this was a feigned forecast, not a
real one. I could speculate about a wide range of im-
pacts, from the effect of the personal portable radio on
teenage culture to the effect of Japan's economic
growth, partly due to the transistor, on Far East
stability; but I could not demonstrate that 1 was not
just reading history back into my forecast. So I could
not go as far in the feigned forecast as would be
possible in an actual one.

CONCLUSION

In conclusion, the feasibility of anticipating eco-
nomic and social corsequences of a major technolngical
iniovation has in my opinion been demonstrated. The
anticipated consequences are not exhaustive or abso-
lutely accurate, but sufficiently full and precise to be of
sigtificant value to the planner.

The process of demonstrating this feasibility has
yielded the following methodological results:

1. Forecasting is an application of the results of
empirical science on a par with engineering and
medicine.

2. There are 10 generic types of forecasting methods,
five qualitative and five quantitative, and they embrace

all methods described in the literature that are strictly
forecasting methods—as over against planning
methods.

3. These methods are not peculiar to technological
forccasting, but are applicable to economic and social
forecasting as well.

4. They are also applicable to answering the ques-
tion, What will happen—or would have happened—had
a given innovation not come along?

5. Answering these questions is necessary in order
to avoid the post hoe,
assessing the socioeconomic impact of an innovation.

ergo propter hoc fallsey in
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" Major Martivo. I found your comments on the
technological fields quite interesting. I presume you
include in this demographic forecasting, which is a
little different from the others?

Mr. Hacke. Yes, by implication I answered that
query. The demographic forecasting system is one
model.

Dr. Jounston. I think you probably covered this
technique as well, but I wish I had been able to an-
ticipate some of the things about your paper. You
mentioned the qualitative techniques—I guess it was
this trend correlation technique. Have you tried the
lesd-lag indi-ators for shortrun purposes? That is, if
you have a technological factor which is a close relative
of one and the other is going ahead. Have you had any
luck with this?

Mr. Hacke. T haven’t used it; just analyzed it. I
would include this lead-lag as a form of trend cor-
relatio:}:.

Mr. IRwIN. I have a question of detail regarding
trends correlation. This is with respect to using re-
gression anelysis, either simple or multiple regression
and concerns the case of extreme values. The ones [
refer to »re related to employment and population
change by Stste. In «ll the data I have, 1940-1960, are
three Sta‘es that drove very fast: California, Arizona,
and Florida, and a couple of States are losing like
crazy: West Virginia and Pennsylvania. Usually the
other 45 States or so, are in the center and very often
are not correlated. It looks like Denis Jchnston's chart.
But with those five States that spread in a line like the
moons floating around Jupiter you get very good cor-
relation value when you put all the numbers in, like
9.98, 0.97.. Take them out and it goes down to sbout
0.6. Is there a recommended tecknique for dealing with
this? What would you suggest?

Mr. Hacke. What are you correlating with?

Mtr. IrwiN. I usually have migration as my dependent
variable. For example, take regional shift in the share
of each industry by State in the forties and correlate it
with net migration in the forties and you get very fine
correlation if you leave all the States in, but Califorria
is always there, Arizone and Ilorida way o:, every-
thing going up, and on the other side, everything going
down.

Mr. Hacke. I think what you are saying is these five
States are obvious in their advance, but if you include
sll the other States in you get & higher corrclation than
if you include them out. Is that right?

Mr. Inwix. [ didnt think of doing that. | said,
“Look, I've got to sec this value about these States, so
I pulled them out.”

142

Mr. Hacke. You pulled these five States out and ran
the correlation again? What happened?

Mr. Irwin. It dropped way down. The point is:
Si_posing I go to he next step and use my multiple
regression equ:*ion or a simple regression equation as
a predicter. I can say for sure I am going to predict
these five dynamic States pretty well, assuming the
future will be like the past, but what about those in
the middle? Granted they are not changing as much
and T can’t make as bad a mistake because you are not
actually forecasting chenge, bu. it puts the use of
regreseion equations in question and this is the
question I am raising.

Mr. Hackk. No, I don't think it does. You are saying
essentially is you don’t have enough data on the migra-
tion of these in-the-middle States to make a medium
for prediction. We're going to have inmigration or
outmigration. That’s about all I can say, however you
have to do a more detailed analysis. It is not the form
of the regression that's at fault. It is just that you need
more data.

Mr. Irwin. We took a sarvey for the Office of Eco-
nomic Opportunity. Collected data and found one
datum missing. We have an imputation procedure
whereby we impute characteristics io a person on the
basis of six or eight other characteristics. However,
the imputation procedure did a bad thing on pro-
fessional policemen. They used what they called “a hot
deck”. People are coming and going .. the imputation,
then whea characteristics are missing, you look in the
hot deck to see who was the last one in that followed
these characteristics and the implication is a geographic
connection, which happened to be haywire, so this
full-time professional policeman of fairly high talent
received a salary of $100 a year—the consultants
working with the data were extremely unhappy and
said it was going to ruin their regression equation.
Sh-uld we use a tool where a crazy value will ruin it
especially when you start getting complex models that
use stepwise multiple regression with sav 5¢ variables,
and makes a choice on an V'-test of every variable when
you don't know what goes into it?

Mr. Hacke. Nothing comes out of a thing better than
what goes in.

Mr. irwiN. There is nothing [ can do about the input.

Mr. Hacr. A committee is a group of people who
individually do nothing but when thev meet, they
decide aothing can be done. Let me say this: T think
one of the major advantages of tech forecasting is how
much you know about it.

Mr. Sarri. In answer to Mr, Johnston, we have done
some forecasting using trend correiation and com-
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ponents, 1 guess you'd call it, component trend corre-
lation and I have a report that was published before.
It is an old report but shows that using this component
trend correlation that in the past year and a half since
we accomplished work, our forecasts scem to be quite
valid with this particular method. I've given the report
to Mr. Hacke and 1 am sure he would be glad to have
you look at some of these curves.

Major SWETT. | have a definitional question. You
were describing extrapolation as inductive. Would it
be correct to say the fitting of a curve by regression

‘technique is the inductive process whereby you would

have a hypothetical function, but then the extrapola-
tion itself is « deduction based on the hiypothesis?

Mr. HickE. I've been around this semantic merry-
go-round a couple of times and don’t know a better
way to say what [ want. Of course, drawing the line or
making a particular forecast is a deduction from the
mathematical expression you generate, but generating
the extrapolation itself, the mathematical crrve itself
is an inductive process. Looking at the data, you say,
“Gee, it looks like this. I assume the generality is going
to be as follows,”

Major SwerT. What occurs is a hypothe: is bases on
the data points.

Mr. HackE. Yes.

Dr. LinstonEe. The sociological consequences of ma-
jor technological innovation brings to mind something
we experienced during the Mirage studies. The first one
in particular where, you might say, military technology
invaded the military area and its impact. An analysis
of the rapid deployment with a Lanchester-type
analysis has shown the implicatior. was quite evident
that the faster you go into a situation and nip it in the
bud, the less force is needed. As I say, this was kind
of in our innocence. I'm more and more skeptical that
such a result is meaningful. because this is a socio-
implication or psychologica! implication. It doesn’t
always work the way theory predicts. All that happen:
is you tend to go into more places. Nothing apparently
reduces the deployment of troops.

Mr. Hacke. You go into mere places with less and
iess until vou end up with nothing.

Mr. LinstoNE. You have the desire and the capability
to use moce and never therefore economize with less.
I don’t know if it’s true but it is kind of a feeling now-
adays. This beautiful argument for more airplanes, et

Major MarTivo. | think Mr. Linstone’s question is
the same regarding social implication. He is sugyesting
the naive prediction, from a better military capabili'y,
is that vou do the job with jexs people and a move
sophisticated implication is that vou will contract tu

do more jobs and still use the same number of people.
Would you care to comment on either of these pr:-lic-
tions?

Mr. Hacke. I think there has to be recognition and
all of us in forecasting are much *co fond of linearity.
1f one man can build a house in 30 days can 30 men
build a kouse in one day? There is an optimun beyond
which this total force would increase. 1 don’t know
wheuher this is what you are suggesting, but there is
an area of compensatory magnitude in many situations
that operates to reduce tl.e impact of the socioeco-
nomics of many technological innovations. If we put
the effort on miniaturization and ruggedization in
vacuum tubes that we have p * in transistors, I don’t
think our electronics technology would be greatly
different from that which we have today.

Dr. LinsToNe. There is something that affects fore-
casting. We rarely see any document or discussion of
negative needs. What do I mean by negative nceds?
We all ta'k about what new thing will be added.
[ don’t knew what pyschological factors are operating

but I think there is a real problem. Pecple are not going

tc give up anything. I think thut’s more true than
peopie recognize as the negative forecasts.

Mr. Hackk. One example which illustrates what 1
think you mean is—there was an ingenious new type
of vacuum tube developed about 8 years ago with a
4vear lifespan and that was a low-anode-voltage
vacuum tube. It worked fine as an RF amplifier in con-
junction with transistors in the audio section. It was
used for a while and then suddenly transidtor
technologv passed it by.

Dr. Linstone. It isn’t precisely like that. I'm not
talking about a new item that might not be the best.
For example, in the Delphi there was forecasting of
breakthroughs. These are new advances the positive
side of the ledger, so to speak. I would like to see a
riyrresponding list of things to discar! or things we
won't have,

Mr. HackE. Are you talking about things that have a
disfunction, a disutility?

Dr. LinsToNE. Yes.

Major SweTT. This discussion belongs in a class of
problems involving waste, ard accumulation grnerated
hv the existing system.

Nr. Lixstong. When vou have supply over demand -
vou have more of something around. then you have a
cisutility function and it ix the same problem with
climinating atomic wastes, smoj, and bacteria; and
oar own wote that you can’t ge! rid of, this is an area
that has been practically unaddressed <o far. This prob-
lev came up at one of the Howze boards. O~¢ of the

143

o
. )




e o e A O AT AP NI

S e e s e

R o TR

ouvious guestions Mr. McNamara wanted answered
was: What don’t we need and what can we get rid
of?—this caused more agony than the whole new
concept. It was decided a narrow gage locomotive was
something you don’t need.

Major MarTINo. This is something about vested
interest ar.d all that implies.

Dr. Caacko. I would like you to comment on some-
thing which is related to both questions and problems
that have been raised recently. As you know, Congress-
man Daddario introduced a bill for technology assess-
ment. He told me Congress bought off ou the idea of
supersonic transport without much critical review.
Then SKI showed there will be a sonic boom when the
supersonic transport travels over landmasses as opposed
to water surface. This was not practical, the question
arises: Frem your study of this transistor radio or
allied work, is there any methodolegy we could see that
will address a more general quesiion of technology
assessment, or fallouts, of any innovation? Do you
have any words of wisdom io offer?

Mr. Packe. In the first plece. we were trying to
demonstrate a_method or develop a demonstrated
method, rather than produce a study that may have
some words of wisdom to come from this kind of
question. Bt from other work that has been conducted
at SRI on educational policies, research centers, I am
speaking for myself us & participant in the study and
not for the study, this series of questions relates to the
question of values. When you get into the area of
human or humane values it is easy fcr things to become
superficial. There has been so much superficial writing
and speaking on this topic. A second point regarding
Daddario’s proposal was for a technology evaluation
adjunct to Congress. We were saying that undoubtedly
the time has long since passed when we needed a staff
in Congress to give them a way of acquiring,
at least as a planner or decisionmaker, some
insight into the technological process and a means for
evaluating the approach goals and objectives through
the usc of technology. The new scientists have an idea
of setting up what amounts to a technocracy to formu-
late goals and plans but it is ideologically dangerous.
At least in a democracy the feedback process from
geals to plans should include the populace. I think
Congress has the responsibility and it cannot escape.
They can have a staff but its line function is goal
formulation and plan adoption.

Dr. DALKEY. You partly answered my question but I
would ‘ike to get it on the record. There is a rather
amusing paraaox particularly in the use of growth
curves to forecast technological developments and at
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the same time assess the impact of thase technologicel
develcpments. You said, you thought you could make
an as-if kind of assessmen' of what would have hap-
pened if the transistor had not been put in the tech-
nological stream. If we take this notiox that lies behind
the use of the growth curve, which is that a form of
technology will arise and keep that curve going, if the
transistor hadn’t been invented, then presumably
something else would have kept the growth curve
going; in which case you might szy the impact of the
transistor is to the first order of approximation null,
because if it hadn’t been invented something else would
have taken its place.

Mr. HackE. I would not make exactly that assump-
tion but go ahead.

Dr. DaLkey. There is a slightly amusing paradox
because if you go back in the past and ask the question:
What would have happened if such and such hadn’t
been invented? You would Le in an interesting position
of having to invent what would have been.

Mr. HackE. You are precisely in the same predica-
ment as the forecaster who cannot imagine the inven-
tions or innovations that are actually going to be made.
The railroad system and the way it has becn developed,
for example, might well have been an invention that
never would have been needed because of the horseless
carriage. I don’t know, I'm just a forecaster.

Dr. DaLkEY. If you are trying to evaluate the impact
of a named item you can say the impact of any given
named item is essentially zero because if that named
item badn’t arisen, something would have taken its
place.

Mr. Hacke. Let me use the transistor as an example
and incidentally, the choice of the transistor came as
a resu't of a study of a fairly large number of nomi-
nated innovations because it was completely defined.
It was fairly unambiguous. A border has to be drawn
between other solid state devices and the transistor,
but otherwise you have & straightforward job. There
are many innovations that are hard to define. Specifi-
cally with the transistor which is noted in the report,
I think you can say: had the transistor not been
developed, true technology would have continued to
develop at approximately the rate it did before the
transistor came along, therefore, some compensatory
mechsnism would have operated with penalties in terms
of weight, ccst, ani power consumption. The forecast
of the transistor is not nil. You say something else
would have been invented. I can’t answer that; I can
ouly carry it as far as | can investigate the alternative.

Dr. Darkey. I don’t want to push it too far but if
you are going to apply things like growth curves in the
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future, wouldn’t you be willing to apply them to an
uncertain past?

Mr. HackE. Yes.

Dr. DALKEY. It seems this would be rather an amus-
ing exercise.

Mr. Hacke. I think methodologically also you are
on the same ground trying to forecast what will happen.

Colonel VaucuN. You disci ssed 10 different methods
but I imagine none of them are used in their pure and
sole state; that there’s always some mixture.

Mr. HackE. There are a couple that are used alone,
or in a fairly pure state. One is the use of experts,

* inductive trend detcrmination, induction and extrapola-

tion. These occur to everybody to try first, I think I can
anticipate what you are going to suggest but you should
use as many different methods as possible as a check.

Colonel Vaucaxn. I was ‘wonderin'g if that is good
policy? It appears to be good technique for a person
to use one against the other and hopefully use several
to check against,

Mr. Hacke. Yes, you can. .

Colonel VaucuN. We sponsored a study at Syracuse
University, which was basically an expert report bound
together and more or less correlated. At least they all
used the same language; but I can imagine that each
person in his own disciplinary area probably used all
10 and found more,

Mr. Hacke. My experierce from use of-experts and
I have been an expert in a forecast and have seen these
things—many of the books you read, from H. G. Wells
on, are expert opinion books—is that the expert gen-
erally operates by using historical analogy and in-
ductive trend determination. The expert uses the
method and his methods are subject to analysis as are
anybody’s.

Mr. Smith. Colonel Vaughn, on using several dif-
ferent methods, from the experience we had--we used
growth curves, trend correlation and experts and put
together a tech forecast ahout a year ago. We found
almost complete disagreement hetween the experts,
growth curves and trend correlaticn, almost 100 per-
cent in every forecast. We finally resolved it by taking

the growth curves and trend correlation, because we
could document it against many opinions, and found
experts quoting historical analogy to contradict our
curves. You can't mix the three, not in our experience
anyway,

Colonel Vavcun. It might be interesting to try the
Delphi technique,

Mr. Hacke. I am unhappy about the title growth
curves. If you discuss growth curves you also have to
talk about decay curves, but if vou discuss decay

curves, everybody gets unhappy. Will you assume a
mechanism of change and investigate mathematically
what that method means? These have been derived by
analogy, from bacteria, and I'm' not happy about

bacteria,

Colonel Davis. 1 took the opportunity after your
lecture, Dr. Dalkev, to show where it seemed feasible
to fit a growth cu ve ut logistic curve to the outcome of
a prediction by a g-up of Delpli experts, and since
all of the Delphi curves have this characteristic, one
might think it possible to do that with others. Conse-
quently, the results of Delphi people may lead to a
phenomena which can be described or a description of
a phenomena that could be characterized by growth
curves. | wanted to remind you so you won’t be too
unhappy with growth curves in the event they would
he useful to characterize mathematically some of
Delphi results.

Dr. DaLkEY. I hope T didn’t give the impression T
was unhappy with growth curves. On the contrary,
growth curves seem to have a great deal of validity
and have a life of their own. This is what results in
the paradox.

Dr. CHAcko. You asked for another word for
“growth.” I have used “life cycle curves.”

Major MarTivo. That is a good terminological
suggestion.

Dr. CHAcKO. One of the major technological innova-
tions is probably & better nuclear detection device and
when we sign a test ban treaty, we will know who is .
cheating. The technical means to detect this should be
available. Should this come ahout and lead to a de-
escalation of the current armaments race, cne of the
major problems is that of economic impact. I am sure
vou have studied the report that was published about 2
ot 3 years ago showing the probable impact on several
firms largely dependent on defense contracts. 1 suggest
this will be a major technological innovation and will
have serious major sociveconomic consequences.
Would you comment n how you look at this problem?

Mr. Hacke. Although this is not a quarrel with the
problem you pose, I don™t think the question is a tech-
nclogical innovation. However, an economic and
political innovation is there. We have adequate test
devices for all practical purposes. One of the thiugs
I think you are asking is: that this would be, as all
fore~asts have to be, a conditional firecust based on the
decisions made by sigaificant actors in the situation.
The United States will undoubtediy adopt some pro-
grams of ore kind or another to ameliorate th+ employ-
ment impact and the like of partial or total deescsls-
tion. It will depend--the forecaster should give the
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planner in the light of the innovation what the probable
consequences of the visible alternatives would be so
that he could make a selection, and could exercise
judgment to decide which and what strategy to use.

Major SWETT. I'm not sure correlation would be of
interest. The Delphi pattern of convergence through
reiteratior. shows a split logistics curve normally.

Mr. Hicke. What do you mean by split curve?

Major SWETT. A split curve on both sides. If you are
looking at the convergent cone, each half of it looks
like a logistics curve normally. The technolagical de-
velopment curve oftentimes .lso shows a logistics
shape. Psychologists use the same term and found it
repeatedly in their learning phenomens. They called it
a learning curve. It seems both pyschological and tech-
nological progress show a characteristic of learning.

Mr. Hacke. I wrote a section of this report which
attempted to demonstrate this. The normal curve of
error can be deduced from very general mathematical
assumption. Therefore, it has a wide applicability in
its description aud I think the same general assump-
tions can be made by the nature of technological
progress, and will yield the same kind of curve. It is
not accidental that the estimates people make of .an
imperfectly known quantity in the learning curve and
many growth curves are all the same shape.

Dr. JounsToN. I remember in the courses where we
have anything normally distributed we accumulate the
normal distribution by logistics and this was discovered
in the 1920’s again and found to apply to a vast range
of phenomena and it is dangerous to forecast from it

because it is difficclt, on a time scale, locating yourself
on that curve,

Mr. HackE. Yes, until you get to the inflection peint,
you don’t have enough information as to where yu are
going, and then it is too late.

Major MaRTINO. The same is true of Zipfs Law.
Because of some fundamental msthematical things it
turns out to have wide applicability. But you run into
the same kind of a trap. You never know whether this
is one of those cases.

Mr. HackE. Until it is too late.

Major MarTINO. You mentioned Terman’s forecast
made in 1932 regarding froquency modulation. The
reason: Terman was wrong in this case was in the 1920’
people first started looking at frequency modulation
and not understanding the situation. They believed cne
could trensmit the same amount of information over
a narrower bandwidth which would be wonderful.
Finally, they understood this was nct so. that, in fact,
FM would take more bandwidth or as much. All the
experts soured on FM. They were complctely against
it because it would net give the advantage originally
hoped for. The advantage of FM lies in another field. It
allows you to 7=t rid of noise and the problem is that
Terman was answering the, wiong question.

Mr. HackE. Yes.

Major MARTNO. You have to be aware of this prob-
lem in dealing with an expert. Make sure he is answer-
ing the right question.

Mr. HackE. I agree.

One of the most widely used forecasts currently being prepared by the U.S. Govern-
ment is that of the weather While weather forecasting has been practiced by farmers,
sailors, and other for centuries, the use of scientific tools for forecasting is a com-
parati-ely recent innovation. The problem of the weather forecaster, since the intro-
duction of scientific methods, has been that he can have acce: + to more data than he

can possibly use, in the time he is allowed to make his foree

The advent of the

digital computer is already changing this situation, however. Commander Hamilton’s
pEper, on numerical weather forecasting, presents some of the problems of a forecaster
with & plethora of data, but whose theory about the meaning of the data is not always
adequate to the task of preparing reliable forecasts.

146

—Editor

e e — o g —— A ——_




WIS R

NUMERICAL WEATHER FORECASTING TECHNIQUES*:

Comdr. G. D. Hamilton, U.S. Navy, Fleet Numericul Weather Fucility, Monterey, Calif.

The development of numerical methods of weather
analysis and forecasting is one of the most significant
and spectacular advances in the field of meteorology
in its long history.

The numerical prediction process attempts to fore-
cast atmospheric motions by formulating them in
mathematical terms. To accomplish this, Sir Isaac
Newton’s laws of motion, which were developed for
bodies or particles subject to impressed forces, had
first to be applied to a fluid medium. This was done in
1755 by the German mathematician, L. Euler; however,
it was not until the latter half of the 19th century that
Euler’s hydrodynamical equations were applied to the
study of the atmosphere. A treatise, published in 1848
by H. von Helmholtz, a scientific genius of his period,
applied the hydrodynamic equations to the atmosphere.

It might be wondered, therefore, why our intevest in
solving these equations is so belated.

The answer is probably twofold. In the first place,
the equations are simply so difficult to solve. In mathe-
matical terms, the difficulty is one of solving a general
boundary—and initiai—value problem for a simul-
taneous system of six ncnlinear partial-differential
equations in three dimensions. Even today, there are
no known methods by which the solutions of such
equations can be related explicitly to general boundary
and initial conditions.

Exact analytic methods failing, the inost satisfactory
course would have been to solve the equations by purely
numerical methods. These, however, were not fully
developed until early in the 20th century and, .n any
case, would have required an enormeus volume of
computation.

The second and probabl; more important obstacle to
the early development of dynamical weather prediction
was the sparse meteorological data. The dynamical
meteorologist of that dav did not realiv know what kind
of phenomenon he had to explain, and could not fully
test any theory that he might propose to account for
the behavior of the large-scale weather disturbances.

The reslization that the general hydrodynamical

equations could be solved in principle, and if necessary,
by purely numerical n:etiiods and sheer brute force,
appears to have first occurred to L. F. Richardson, a
highly original British meteorologist-mathematician-
economist-statistician who also had a lively interest in
the new finite-difference methods. During World War I,
between ambulance trips to the front, he designed and
carried through a finite-difference scheme for solving
the nonlinear hydrodynamical equstions for meteor-
ological purposes—_the first genuine attempt at dynami-
cal weather prediction. Anticlimatically, Richazdson’s
results disappeared in the general confusion of the war,
together with the computations he carried out labori-
ously by hand over many months, They were later
found under a coal heap and published in 1922.

Richardson’s experiment was not an unqualified suc.
cess, since his calculations predicted thst large-scale
weather disturbances would travel at about the speed
of sound and in the wrong direction. In addition, he
estimated that it would take 64,000 human computers
operating simultaneously just to predict weather as fast
as it happened. Numerical prediction could not, there-
fore, become a practical reality until the development
of high-speed electronic computing machines.

Another very important factor in the development of
numerical prediction was the establishment of an inter-
national network, of upper air observing stations. Our
present day network. while still sparse over ocean and
tropical areas, is fairly dense in many land areas.
Furthcrmore, the observations are not confined to the
earth’s surface but data throughout most of the vertical
extent of the atmosphere’s mass is obtained by balloon
soundings. Thus, a three-dimensional picture of
atmospheric motion is obtained.

By the end of World War II, the stage was set for
rapid progress in numerical prediction. The design of
the necessary high-speed computers was still in prog-
ress when a numerical prediction group was formed in
1946 under the leadership of J. vor Neumann at the
Institute for Advanced Study at Princeton. Sponsored
by the Office of Naval Research, this group simplified
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the hydrodynamical equations under certain limiting
conditions, so that they could be solved with the aid of
computers. Several solution schemes or modeis were
developed, tested and successfully applied to predicting
large-scale atmospheric motions.

There were two serious defects in Richardson’s work.
First, it is a matter of experience that the atmosphere is
always very close to a state of mechanical equilibrium;
i.e. the horizontal pressure-gradient force is almost
exactly in balance with the Coriolis force, and the
vertical force of buoyancy is almost exactly balanced
by the virtual gravitational force (the resultant of the
earth’s centrifugal force and pure gravitational forces).

Accelerations of air are dependent upon the small
difference in these forces and pressure gradients and
winds cannot be measured with the required accuracy.
Second, the hydrodynamical equations are general and
include high-speed sound and gravity waves as well a:.
the meteorologically important long atmospheric waves.
This may lead to computational instability and the
solution will blow up unless the time increment is less
than the time required for sound waves to travel the
grid distance over which the finite differences are taken
to approximate derivatives. To provide sufficient reso-
lution of the pressure field, the grid distance must be

taken in the neighborhood of 200 km., which therefore

requires a time increment of about 10 minutes.

From physical considerations, there is little reason to
expect that such high-frequency waves would have
much significance in large-scale meteorological phe-
nomena, and it is therefore desirable to filter out these
waves. When this filtering has been accomplished,
larger time increments (of the order of an hour) are
permissible for the individual steps of the forecast.

This is the type of filtered model that was first com-
puted by von Neumann’s group in 1950 on the ENIAC
computer. The modified hydrodynamical equations
deacribe a relativeiy simple model atmosphere (baro-
tropic) and it has rather serious shortcomings. It
implies that the number and intensity of cyclonic and
anticyclonic vorticities cannot change and accordingly
cannot predict the formation and growth of new dis-
turbancea. Thus, in order to deal with these problems,
more general models have been synthesized. Many of
these models have been developed, tested and shown
that relatively crude methods of dynamical prediction
were as effective as subjective techniques in the hands
of a skilled forecaster and wers accurate enough to
justify putting them into practice. Today, computing
machines have taken over major segments of the
routine westher forecasting job.

With the advent of larger and faster computers, more
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sophisticated models appeared which could predict the
formation and strengthening of new pressure centers.
However, they rarely predicted the occurrence at the
right times, at the right places or at the correct rate.
Discouragingly, the more complicated models have not
shown significantly better skill than the barotropic
model.

At Fleet Numerical Weather Facility (FNWF) a

" modified barotropic ‘'model is in nce as no known

prognostic model has proven capable of consistently
outperforming the FNWF model. A great deal of the
success displayed by this model comes from its having
been tuned (i.e. adjusted for maximum accuracy) over
a period of several years.

The Weather Bureau has recently instituted a numer-
ical model based on the hydrodynamical equations in
their unmodified or primitive form. With the speed of
the third generation computers, it is now feasible to
integrate the equations in short time steps. However, all
models suffer from the lack of observational data.
Among existing operational centers, differences in
initial analyses are often as great as differences in 24-
hour forecasts, Without a correct analysis, any forecast,
no matter how good the model, is going to be ir. ~rror.
A plateau has seemed to be reached in numerical fore-
casting and any substantial increase in accuracy can
only be attained with an improvement in initial data.

The greatest increase in forecast accuracy since 1960
was achieved recently when the U.S. Air Force imple-
mented its Automated Weather Network (AWN).
Observations are collected from regional teletype
weather circuits terminating in computers at High
Wycombe, England and Fuchu, Japan. This data is im-
mediately transmitted by high-speed communication
links to a collection center at Tinker AFB, Okla. From
there, it is relayed together with western hemisphere
data at approximately 6,000 teleiype error-free words
per minute to FNWF with drops also at the Weather
Bureau at Suitland, Md., and the Air Force Global
Weather Central at Offutt AFB, Neb.

Within a few years, this initial stimulus was followed
by the establishment of similar research groups in
Sweden, England. Japan, and Germany. In the United
States, a landmark was reached in 1956 when an upper-
air numerical forecast map was disseminated via the
national weather facsimile network to replace a sub-
jectively prepared one.

It is natural to ask what makes the problem of
weather prediction so unique and so demanding of
human wit and brute machine force.

First, the stmosphere exhibits undulatory and vortex
motions on a tremendous variety of length scales. These
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range from millimeter-size eddies, spinning along a
windswept ground surface, to the thousand-mile-size
vortices or cyclones associated with major storms. A
typical hemispheric weather map is shown in figure
VIII-1. All of these motions, small or large in scale,
are directly or indirectly essential parts of the weather-
producing mechanism. Thus, many observations of
variables are required simply to describe the details of
the current weather. ‘

Even assuming that the overall effect of very small-
scale eddies is determined by events on a larger scale,
it is conservatively estimated that the values of at least
five variables (pressure, temperature, huidity, wind
speed and direction) would be requized at 5,000
uniformly spaced points at each of 10 different altitudes
to provide a sufficiently accurate description of the state

“of the atmosphere at a single instant.

Another complicating factor is the solution of the
equations, The form of the hydrodynamical equations
is such that the instantaneous local time derivative of
each variable can be expressed in terms of space deriva-
tives of variables in the same set. Accordingly, if we
can observe the initial values of &ll variables at a net-
work of discrete points filling the entire atmosphere,
we can approximate the relevant space derivatives by
the method of finite differences, and can compute the
initial rate of change of each variable from the hydro-
dynamical equations. Knowing the initial value and
initial rate of change of each variable, we can then
extrapolate its value over a very short interval of time
at each point in the neiwork. Finally, regard this very
short range forecast as a new set of initial data and
repeat the process. Thus, it is possible to build up a
prediction over any desired perind of time as a series
of successive forecasts over verv short intervals of time,

The real problem, obviously, is to carry out the over
1 billion calculations required for a 24-hour forecast
in considerably less time than 24 hours. Herein lies the
power of the high-speed computer.

The average number of reports received per opera-
tional run is as follows:

Surface pressure (land) 4000
Surface pressure (ship) 550
Upper air soundings 510

Bathythermographs (60 =z hour collection period 580
Sea surface temperature (334 = day collection
period) TRO0
Figures VIII-2 and VIII-3 illustrate the density of
surface weather and upper air reports received for 3
November 1966.
The data is analyzed at Monterey each 12 hours on
grids of 4,000 points (Figure VIII-4, soon to be in-

creased to 16,000 points, for the northern hemisphere
from a depth of 1,500 feet in the ocean to 100,000 feet
in the stratosphere. Hemispheric forecasts are made out
to 72 hours for upper-air levels and 48 hours for the
surface. These forecasts require about 30 minutes of
computer time or on the order of 2 billion computa-
tions. The fields are transmitted at 4,000 words per
minute to Fleet Weather Centrals in Guam; Pearl
Rarbor; Norfolk, Va., and Rota, Spain. It is planr\led in
iiie future to shift to communication satellite channels
at up 40,000 words per minute. At the Weather
Centrals, the dats is tailored for the areas of responsi-
bility and transmittzd to fleet users. The Naval En-
vironmental Data Network is illustrated in figure
VIII-5. Data tielines {fig. VIIT-6.) on the U.S. east
and west coasts provide environmental products to
Naval Weather Service Commsad units and other
Government agencies.

The growth in computer speeds from the Feginning
of routine numerical weather prediction is depicted in
figure VIII-7. The computational mix for the curve
assumes ten adds for every fixed noint multiply in
typical meteorological work. The figure shov:g that
speeds underwent a steady log:rithmic increese during
this period. v

Although the dollar co:* of the computer systems
used in meteorological centers has increased in the last
10 years, the time (and consequently, the cost) per
operction has shown a remarkable decrease. This may
be seen in fizure VIII-8 which summarizes the time
and cost of five million typical meteorol:gical com-
putations. Figure VIII-{ givss a summary of the
Control Data (CDC) computers in operation at FNWF
as well as the new STAR computer scheduled for in-
stallation in fiscal year 1969. Not indicated is a CDYC
8090 communication computer used for data inter-
change with Tinker AFB in the Automated Weather
Network.

With the increase in computer speeds it is now
possible to perform numerical integration for long
periods of time to determine the atmospheric circula-
tions. Such computations are scientificslly important .
that they require a formulation of many of the physical
processes eccurring in the atmosphere. These processes
include the effects of orography, moisture, turbulence
and radiation. Integrations have been carried out for
several hundred days and have given realistic results in
correapondence with climatological statistica. However,
numerical forecasts still fail to show any realistic skill
after 2 to 3 days. ‘

There are many processes in the atmosphere which
are poorly understood. They include release of latent
heat when water vapor condenses into cloud droplets,
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Ficure VIII-4 — Hemispheric forecasts.

absorntion of the sun’s radiant heat energy, icss of heat
by radiation and heating by conducticn from a warmer
land ur sea surface. These prublems have to be solved
hefore longer range forecasts are meaningful.

What will the decade ahead bring? 1t is nezardous to
forecast the course of science. Clearly, however, it will
be required to bring the whole earth’s weather unde-
the kind of round-the-world observational scrutiny that
is going to be required for operation of the weather
forecast models of 1977, A tenfold increase will be
required in meteorological coverage by the weather-
station network of the late 1970's.

Sateliites, free-fluating balloons by the thousands,
remote, manned and unmanned land and ocean weather
stations these and other tools must be marshaled.
Computers, even with the wisest of men behind them,
cannot be expected to make accurate 2.week weather
predictions, unless they are fed with correct weather

information on an hour-to-hour, day-to-day basis.

Perhaps von Neumann was right in the . <sessment
that he made in the mid-1950’s  that the weather prob-
lem is the greatest challenge for the application of

computer science to benefit mankind.
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OPERATIONS

PER

SECOND
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MIX = 10 ADD + 1 MPY

1958 1958 1964 191
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TIME

400

30

AND COST OF 5 MILLION METEOROLOGICAL
COMPUTATIONS

SECONDS
200
100
0
1955 1958 1961 1964 1%17
Ficure VIII-8.
Ficurs VIII-9. —Fleet Numerical Weather Faciiity computers.
Average Minor cycle
operaiion time time System cost
Types { meguseconds) (megaseconds) (millions of dollars) New Obsolete
(2) 1604 12 6 1.5 1961 1970
(2) 3200 8 1 1 1964 1973
6500 .25 1 4 1967 1977
STAR .0l 025 4 1970
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Mr. HAckE. Are you using LF for communicaticns?

Commander HautLton. Ne, they go on facsimile and
teletype circuits and so forth.

Mr. Smrra. How are you using weather satellites for
photography in weather forecasts?

Commander HaMILTON. THe satellite we feel is
basically a research tool. We/use it, for example, in
areas of no data. This can give you a pretty good idea,
for example, that we don’t have a storm located quite
right—in Washington they digitize this data or focus
it, in other words, for the beight and we put them into
our analyses. This is the cnly operational use being
made of them. It is valuable for plc.ting storms where
data is unavailable. Other than th-" it is primarily a
rescarch tool. The satellite is vy interesting and
intriguing but operationally it is not much use. Since
this is a panel of long range forecasting, I should men-
tion that, my specialty is numerical work, some of the
outlook for meteorology in the future, westher control.
I am no expest on this—it is a problem similar to that
merticied this morning, of putting oil on the water to
stop evaporation. Somebody is going to be hurt—even
with hurricanes—first, there is so much about the
atmosphere that we don’t understand, or even why a
hurricane starts. Why is it transformed from a weak
distuibance into a full-blown hurricane? A few years
ago we thought there had to be ice clouds to act as
nuclei to start raindrops then we realized in the tropics
this doesn’t happen. We don't clearly urderstand the
rain-producing mechanism. Before we can do much
about the field of weather control, we have to under-
stand the atmosphere. There is a big push in research
in these fields. For example, the rainmak<rs—one
farmer may want rain on his field, but in the city it laps
over, and may disturb the businessmen that people are
not buying becsuse it is raining. I read, the other day
when I was in Stockholm, that the head of the Swedish
Weather Bureau was president of the World Meteor-
ological Organization. He wus talking about the
Russians firing a canr. . into the clouds and laughed
about it. He thought it was very funnv, but the Ameri-
can scientists are taking a very hard look at dispersing
hail-producing clouds. This would have a tremendous
economic effect on the farmers in Nebraska if they
could do this—hail costs them millions and millions of
dollars demage a year. This would be profitable to
everybody and nobody would be hurt.

Major ManTiNo. There was a specific reason for
bringing a paper on weather forecasting in this meet-
ing. This approach fits what Dr. Johnaton called pre-
dictions. That is, in principal we think we know all the
laws that gavern the situation and it doesn’t fit in the
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same category as forecasting the future of technology
or population, but you have giver many things which
we suspected. The laws are not fully understood and I
think the paper has illustrated the importance and
reveals where understanding is inadequate, and,
furthermore, reveals where data is insufficient. From
one standpoint perhaps those of us in the forecasting
business can take heart, even the hard scientists are not
much better off than we are and we don’t have to hang
our heads in shame. Are there any comments or ques-
tions regarding this particular papet in relationship
with anything else? '

Dr. OBerBECK. | feel there are fu:ther implications
in this kind of paper with respect to the demographic
predictions. The motivation for establishing a large
ds:a collection and data processing system, is the need
for this kind of information. It has many operational
uses. In the more complex case of data collection for
demographic projection from a census every 10 years,
the stimulation for improving forecasting methodology
is to find more direct requircment needs for population
data. We can conjecture these but I am not clear what
the mechanism ia to make this kind of data economi-
cally useful. I wonder if the people here could make
suggestions in the direction of what would be economi-
cally useful. I can make conjectures but I would prefer
the experis do this.

Mr. InwiN. Are you specifically interested in getting
meotre census data?

Dr. Oserseck. I am saying for meteorological
science, you have an abundance of data and an elabo-
rate mechanism to collect it on & hemispheric scale.
The motivation for all of this was someone needed
information. It was economically useful and 1 am sure
there must be an analogy for people who need popula-
tion data. I was conjecturing with Dr. Eber that we
have the technology in the United States and in the
world today so we could, for example, take census data
once a week with satellites. Have population informa-
tion coilectors out continually and let the satellites pick
up their information. I wonder if your office has the
means for stimulating the use of this data and
justifying it economically.

Mr. Inwin. There has been talk of a census every 5
years and I understand the House has passed a law that
there will be a census in 1975 and there was consider-
able debate in public hearings i.- hiaving it in 1965,
Whether there will be an appropristion when the time
comes is another story. The feeling in the field is that
all people using demographic statistics apparently feel
10 yeary is too long. It is probably the pickup in the
rate of technological process in the recent vears and a
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greater use of demographic data. You may not be

aware that every month the Bureau of Census has a

sample household survey which coiiects iraportant data.

The design is fundamentally to produce labor force

data for Denis’s organization, and they provide most

of the money to support it—35,000 households—
Dr. Jornsron. It’s 50,000 now.

Mr. IRwIN. Most of the money comes from the Labor
Department in various months of the year—March is a
heavy month, also October. Certain questions are put

~in as riders; in addition to asking the basic labor force

data in March, they ask questions about marital status,
children they have; and varions other things and then
we do a collection on specia! order. The outfit in Census
that wozks up the sample statistics and runs the office
is much larger than the population division, and they
are located in a couple of large wings. One serious prob-
lem is to get more census data. I don’t think people will
hold still for a population register. I'm not sure a
population register is a good idea because this country
moves around fast. You've got to generate a tre-
mendous amount of data. There has been a discussion
about collecting social security numbers in the next
census. However, it has not been decided whether social
security information will be collected. In Philadelphia,
for example, we were testing procedures for complete
coverage ol housing population, we’re mailed question-
naires, and later we knocked on every door to be sure
tha: all housing units in the area were on our mailing
list. About 10 days later we knocked on the door again
asking for population information. I observed that the
people were extremely reluctant, actively antagonistic:
“Go away.” There is a certain human equation in
getting data from people. I don’t know if thie is the
kind of thing you are interested in.

Dr. OBerBECK. Let me amplify what I had in mind.
I want to draw an analogy between collecting demo-
graphic data and collecting oceanographic data. In
World War II, 1 was ifi the submarine service. Just as

your householders complained about collecting data

from themn so the people in the submarine service col-
lecting bathythermic data griped because they didn't
xnow what would be done with it; and it was an inter-
ference with their daily routine. An antidote to this
kind of reluctance is finding sormeone who can use the
data collected and pay for this valuable information.
An improvement for this whole area would be if vou
could induce the labor force to say, *We really have to
have these labor force projections. We will pay for
getting the data and get it.”

Dr. JouxstoN. One possibility is if we should get a
negative income tax or legistation of a similar type. 1

would be in favor of it though everyone would receive
a check from the Government which would be returned
together with more than you ever before put in with
you income tax payment, but the mechanism of putting
each member of society on a per capita basis—some
kind of a valued item like money—this might solve
some of our undercount. It would probably give us an
overcount, but would serve as a possible entry justify-
ing the collection of needed information without quite
giving rise to the hostility and suspicion received
kaocking on th- same door twice. The situation is
structured by the respondent in a totaily fantastic way.
He think, the FBI is on him or somebody else is after
him and you can’t undo this structure. You are caught,
as Vick Irwin says, in a pathology to where vou may
get no information or lies. I think one of the long-range
schemes in the UN has been for a worldwide sampling
procedure but it is not in the planning stage. What is
the stage before you plan? You evade, you conjec-
ture—a kind of sampling device you have in weather
but on a worldwide scale, getting at people’s conditions.
A register, as Dick Irwin says, is probably toe much
although it seems to function well in countries like
Sweden and Denmark. It is likely not to be feasible in
most places, but a sampling technique on a warldwide
scale is not entirely inconceivable. If we can process
data for 50,000 households, publish data in about 2
weeks and if we had the real technology in operation
we cculd probably do it faster, there’s no reason we
can’t do it with other households.

Major MarTiNo. I'd like to raise another possibility.
Is there any reason why the census people could not
take into account the same privacy rules and make use
of data obtained from banks, credit bureaus, and so on,

where in general the social security number is avail-
able?

Mr. Irwin. You could do it with social security.
We've made many tests trying to improve the enumera-
tion—I should say in defcnse of ourselves—I men-
tioned the undercount—-I think the Bureau has accom-
plished a great deal trying to count everybody and I
want to mention---if we had the social security number
it would work—but in test after test matching lists
against lists, the information is not complete enough.

You can't do it and it hasnt worked. You should be y

aware that the Bureau is making a dramatic change in
this next census—the decision had definitely been made
to do a mail-out mail-back census tc all urban areas ..
the Nation, covering 80 percent of the population. Jim
Hacke mentioned one of the basic problems that came
under my observation in the Phiiadelphia pretest.
Firat, we found in the 1960 census that self-enumera-
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tion waa the best. The way it worked—there was an
enumerstor checked on every house, and every fourth
house ir: the sample household an enumeration check-
a-box-type questionnaire was left and was mailed in.
If there were any problems she talked to them again.
We used self-enumeration on the sample data; on 100-

.percent data there was also a 100-percent pickup so it

was not exactly a self-enumeration. We are asking for
a positive schedule this time, there’s littie doubt from
it, and the schedule is tough. I am perfectly confident—
I am speaking for myself not the Bureau—there are a
lot of ‘people who are extremely experienced working
in this complicated schedule. We are going to get
extzemely good information from people with high
educational attainment. But 1 observed a few ghetto
interviews of people with an eighth grade education
and the household situation was such that you couldn’
concentrate. For instance in an academic atmosphere
similar to yours, I can use complicated sentence struc-
ture and you people pretty well understand what I am
saying. However, in the ghetto kids are running around
wishing you were somewhere else. The fine print goes
flying out the window, and these are a few of the
problems in collecting data. I think self-enumeration
is the right way to do it.

Dr. LinstonE. The more I hear about this, the more
puszled I am, considering, this country is the most
advanced technologically. I know in Germany before
Hitler, every person was required to register with the
police. It was standard procedure to reregister with the
police every time you moved. One of the reasons for the
low crime rate in japan is the police have an up-to-date
dossier on &ll individuals, which is standard operating
procedure. If these countries can do it, I don’t under-
stand why we can't.

Mr. Inwin. First, it is impossible psychologically in
this country. Since the beginning of this whole organi-
zaticn, you don’t do that kind of thing and that’s why
the Census Bureau is reluctant to get a social security
number and I, as an American citizen, am opposed to it.
I think one of the strengths of this country is the
freedom.

Dr. Eser. I was in Germany—which is about the size
of Texas—for many years and the main thing—if you
look at the size of your country—I imagine the reason
you couldn’t do it is the bigress of the country.

Mr. Inwin. I don’t know much about foreign coun-
tries but suspect we are more mobile than anybody.
For one thing, we've so many more automobiles.

Dr. Linstone. 1 don't understand the philosophic
objection—which sounds like it is anti-Amenican. [
don't ace why everyone-—nobody seems to object to the

160

idea- that you are part of the system, however, you
mentioned your own opposition to it. Does it inhibit
your movements?

Mr. Hacxe. I can answer that in a semiphilosophical
or theological way by saying Americans suspect that
every human being, if you have enough on him, would
be sent to jail, and you are not sent o jail unless you
are caught. It goes back to the fron‘ier psychology.
You don't ask a man where he has been. He makes his
way on what he is currently doing.

Mr. IrRwin. In the West nobody. asks who your rela-
tives are or where you car-e from. Nobody cares. In
Califurnia, they could care less where you are from.

Dr. OBERBECK. Another aapect of this in the reverse
sense of the investigation in the ghetto is a personal
reaction to giving data to people whose education you
suspect may be less than yours. As an example, I find
locally getting license plates for your automobile, the
people rendering this service aren’t on the edveational
level to understand you want this done quickly. They
let you stand around all morning; they’re doing their
job and could care less about your time. I Gelieve the
population data could be done by mail, and wouldn’t
be nearly as objectionable as having to present myself,
say, before a police officer to tell him who I am and
answer questions of the kind necessary for a population
survey.

Major MartiNo. I would like to expand on your
earlier question, Tom. You pointed out that we have
mammoth weather service because somebody decided
he wanted it enough to pay for it.-your original ques-
tion was: What would it take to convince somebody he
should be willing to pay for data and in this case rot
only the monetary cost but the psychological cost—
what would we have to do to propagandize people so
they will go after this census question? What is neces-
sary to make it economicaily and socially feasible to do
what we know could be done, with census takers? I
would like to expand that to take in the interests of the
other people as well. What needs to be and can be done,
economically or socially feasible, to gather the kinds of
data we think we need on technology, population and
on all the other things that most of us seem to be
interested in forecasting? [Poes anyone wish to address
or comment on it?

Dr. Osrxseck. Let me aunplify your amplification
with a question. In what sense is the Gallup poll eco.
nomically preductive?

Dr. Starxkosky. Newspapers buy it.

Dr. Oserbrck. It's economically feasible, I guess and
has been going on for a long time.




Major MArTINO. When somebody is running a politi-
cal campaign nowadays, he takes a sample poll. To
reduce the cost a member of one party will combine

with a member of another party, whom he i not run-

ning against and is a candidate for a different office,
to jointly pay the cost of the poll. It is an accepted
method of doing business in politics. Here is somebody
who wants it badly enough to pay.

Mr. SmrrH. The military has not becn unwilling to
pay money for forecasts. The Air Force Project Fore-
cast is not cheap, never was. CNM is about to invest—
in the millions of dollars—to get a Navy technological
forecast. Apparently the concept of the value of a tech-
nological forerast has been well establishied, at least
throughout the military. Companies represented by
Lickheed and others are investing considerable
amounts of money in forecasting. I think we are ad-
dressing the wrong question. It isn’t what it takes to
sell its worth, it is more a question f implementation
than a question of need. It apparently has been accepted,
perhaps we should address the question of what is the
psychological impact or how do we overcome that.
In the case of the census, it appears to be a stumbling
block and possibly in other services it is also psycho-
logicai.

Major Ers. I wonder if part of the problem is that
some of the disciplines—in the area of international
relations and political science—don’t have the proper
methodology in which to apply the data. There are
many people—we've come in contact with groups at
Yale and at USC—trying to get contracts to collect
data. One reason they want to collect data is to figure
what types of models you could build to describe the
world if you had the data. I think if the time came
where there were sufficiently reliable models available
to explain parts of the world people would Le interested
and willing to pay for the data. Right now we are at
the stage where the data are not good enough but the
techniques used for handling the data aren’t there
either.

Major Martino. This sounds like a vicious circle.
Regarding initiation of operation research studies, with-
out data, you can’t build a model, and without 3 model,
you don't know what data to gather.

Dr. Starxosky. I think we are asking the wrong
questions. Tom Oberbeck is asking about the Gallup
polls. Dick Irwin is talking about census people recog-
nizing that people have the data and the problem of
extiicating it from them because they are reluctant.
But here it isn't that kind of problem. The real problem
is we don't know enough yet. The people who have been
working in this area aren’t kidding themselves about

how goo& they are. They recognize we are at the
beginning of this whole process and it is not a question

. of how much money is spent but that there aren’t

enough people who have mastered the technique. It is
not only a question of not enough people, also that
techniques have not been perfected—if we were able to
perfect them, then the data would be relatively easy to
get. This is my feeling. I don’t know if we could ever
compare ourselves with the census, the Gallup poll or
anything else. It’s a much more difficult process that
we are trying to get.

Major Er. Part of the problem, is that in some aress
you don’t know what to collect. If you are trying to
understand the international system as a system, what
are you going to look for? Are you going to look for
an area, population, or are you looking for messages
transferred between various divisions? We don’t have
a good enough system to determine what we vant to
collect even if we had the wherewithal to collect it.

Mr. Hacke. One comment—essentially until you
know what you are looking for, you can’t see it, so to
speak. The other is, I wonder if the question has not
been phrased backwards: About how can we get people
to invest more money. In census taking, it isn’t the
question. It’s the optimum level of effort for census
taking, in general and detail, and how you arrive at
that optimum.

Major MARTINO. I think we all suspect we are short
of the optimum.

Dr. SLAFKOSEY. It seems we have at least three kinds
of information or insights we are looking for. One
insight the Major pointed out, namely, where are the
conflicts going to be, what is going to be the nature of
the conflicts which depends where they are going to
take place. The second question is: Given that we know
who is going to be doing it how do we come to grips
with that nation or that group of people? The thing
people have been calling the social technology, which
I am always questioning. because it sounds too much
like a mechanical thing, it is really relevant. The third:
Let’s assume we know who is going to be involved.
What are the best instruments from the technological
standpuint? [ am talking about hardware, that will do
the job most efficaciously and most efficaciously doesn't
necessarily nican what so many of our congressmen
now seem to feel, “bomb them off the map” or “over-
come them somehow.” I think most efficaciously means
how do you impose vour will-—maybe the word “will”
is wrong-——how do you get the people to work with you
a5 a nation cr a group of nations for the betterment of
the world. I may sound a little idealist’ but unless we
more toward an idealistic goal, this is going to be a
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rat race and will end with the destruction of everybody.
I may be only talking about three kinds of things;
there may be more. But these are the obvious.

Major MarTmvo. You raised a point we have to look
at, As an aside, it is not clear that we are doing as well
by dropping bombs as we might do by dropping money,
counterfeit ration cards or whatever most easily dis-
rupts their society. But you are right.

Dr. Starxosxy. The British did this in Malaya,

. they didn't drop money but, boy, did they use it.

Major Swerr. We might try dropping Sears Roebuck
catalogs. It seems to be an implicit consensus that social
problems underly technological forecasting. It should
be noted that social sciences are dealing with two
clasees of problems. One is fact and the other norma-
tive, “What is” and “what should be;” the should-be

. vide is the leading bias for intentions. A decisionmaker

looks at his perception of present and future reality
and looks at hie perception of what ought to be now
and in the future. Between these is the momentum for
his action. Then he starts iooking for means, he has
some that he prefers; and then looks at his capabilities
to see which can be used. This question of what ought
to be is the same question of utility and drops back into
the underdeveloped area of axiology in philosophy and
psychology. If we would unlock anything in that area,
we could unlock a considerable chain of interdependent
problem., I think as far as the implementation of what
we can do about our problems is concerned, as a sug-
geation we might use something like the cohort theory
from demography and see if we couldnt study what
values, what views of reality, are going into the minds
of these cohorts. We have seen the Red Guards in
Communist Chins. We know that 15 to 20 years ago the
young children were being taught to kill the “dirty
capitalist flies” and shoot the “dirty imperialist rats.”
They were weaned from milk onto revolution. Revolu-
tion and violence hecame a vositive value there. But
now the people that sowed the wind are reaping s
whirlwind. This type of appioach, 1 think, might be
fruitful to all of our problems. The Red Guard, at
loast, might have been predicted.

Major Martivo. | would like tc wsk Dr. Dalkey
about his comment. The first reaction is to say, “let’s
do more social science,” and the second reaction is to
suggeat maybe we don't need to know, or understand,
if we make use of the insights we have acquired. People
bave been looking at people for a long time and doing
pretty well. Would you care to expand on vour earlier
conuments ?

Dr. Dapxxy. If you look over technology and science
it is pretry clear that technology as s whole has ied
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science rather than vice versa. Most scientists are in-
clined to think the reverse—they have been brought
up thinking the reverse. As a matter of fact, science
has followed technology, and for a very good reason,
The steam engine came before thermodynamics. The
telephone came before information theory. In short,
one of the motivations for scientific research is the
demonstration of a coutrolled capability. In the case
of social sciences, there is a very good chance they will
follow the same route if we can demonstrate it is possi-
ble to be effective in influencing social systems. That
would be a tremendous impetus for looking into the
reason why. At the moment we could make more use
of what has come to be known as social inventions,
rather than more social sciences. A great social inven-
tion is money. The question is with regard to problems
of international conflict. Can we find a device which
will enable international transactions to take place
withou: conflict. I don’t know of such a device. William
James made a point of the moral equivalent of war.
Nobody has a moral equivalent yet. I don’t see why such
a thing shouldn’t be invented without the intervention
of social science.

Mr. Hacke. Before I make my point, 1 note Dr.
Dalkey’s example that technology came before science,
from the 19th century, and I wonder if that is still
true. There may Le something in terms of what kind
of social invention might lead to a moral equivalent of
war. I don't intend to be facetious but have you noticed
how much of the organization of service industries and
merchandising has been toward control of depcrsonal-
izing the relationship where you go to a gas station,
ask for credit and the man says, “It’s not the station’s
policy to give credit.” What he means is he is not
giving credit, but puts it in an impersonal form and
much of the merchandising drive has been toward
depersonalizing. That’s al! right i» a study of conflicts
in the restaurant situation which come from the fact
that waitresses aze lower on the ladder than cooks, give
orders to the cooks and invented that wonderful gadget
you see in some restaurantso—whirligig where they put
the orders. The reason that gadget is there is so the
waitress doesn’t tell the cook or hand him the order.
She puts it on and he takee it off impersonally. Maybe
we can find a whirlizig where people can put their
aggressive internat onal siguals into an impersonal
mechanism and get them picked up on the other side
of the outhit. The point I originally wanted to make
was: Social scientists weem to be overly apologetic
about their lack of hardnosed methodology and par-

ticularly in psychophysics.




Colonel VaucHN. I'm not trying to bring the conver-
sation away from Olympian levels, but I want to ask
this question because it may possibly lead back to the
Olympian levels. I was quite intrigued in Commander
Hamilton’s talk about the Russians and Chinese coop-
erating with us in this particular endeavor. This, of
course, is out of the usual pattern and when anything is
out of the usual pattern, you look twice, because there
may be clues to other interesting tangents and we might
go through several tangent actions. Would you care to
comment why, particularly the Chinese?

Commander HamiLtoN, The only reason is the
weather in Western Europe. The weather over the
United States will end up in Europe and eventually
affect Russia and China, so it's a mutual cooperation—
mutual benefit, you might say. Beside weather data,
which is the main interchange, there is a hotline fron
Washington to Moscow and we transmit our weather
satellite broadcasts to them and they in turn transmit
them to us. I don't think anybody knows exactly why
but it must be the old philosophy: If it wasn’t doing
them any good, they wculdn’t be deing it. It must be
_ based on this because of the weather as I showed you
. the whole hemispheric map—now going to the whole
globe you can get a complete weather picture. The
larger the area the better your forecast.

Colonel VAUCHN. A very significent thing is the fact
not only do we think so, but apparently they do also,
otherwise, why would they do it? It would be most
interesting to know particularly in the last year with
the Red Guard eruptions, many things have haopened
thai look like sheer insanity yet they treat it as an every
day occurrence.

Commander HAMILTON. Take any data last week and
compare it to 1, 2 years ago—it won't vary, they may
have their Red Guards, revolution, and everything else,
but it hasn’t affected their westher communications.

Dr. LinsToNE. | was curious as to what this coopere-
tion actually consists since we have no diplomatic
relations.

Commander HamiLron. Through the auspices of the
World Meteorological Organisation, the nations
throughout use a common weather code. In other words,
five digit teletype groups. There are local variations
which are authorizsed by the World Meteorological
Organization. We all know the other's variations whick
is a fairly standard code. When we receive this infor-
mation at 6,000-words-a-minute from Tinker Air Force
Base, it goes into our ADP, the data processing, and is
never touched by hand. It is edited, reformatted, and
run through the complete data processing based on
standard codes, and comes out as raw data. This may

e L e

not be your point but they do cooperate in common
code. For example, you could report at different heights
but everybody has agreed to report at a certain stand-
ard reporting level. This type of cooperation makes
it easier.

Dr. SLAFKOSKY. Let me rephrase the question. What
you said was they are cooperating-—agreeing to stand-

ard forms and terminology; and—in the sense thet:

they are receiving our data and analyses. How are they
cooperating by giving us information? The inference
I got from Colone! Vaughn’s statement was they were
in fact providing some information heartily.

Commander F..1LTON. In the last 3 years there have
been three World Meteorological Centers: One in Aus-
tralia, Moscow, and Washington which are common
links. 1 mentioned the hotline from Washington to
Moscow. All their teletype data besides this automated
weather work was set up by the Air Force although
the Weather Bureau is also using it. There is a standard
teletype weather broadcast and radio facsimile even in
the Mediterranean.

Major STEPHENSON. Are you saying the cooperation
exists not because of a need for cooperating between
the two groups, but because within their society they
must transmit weather data back and forth and we
ride the circuit to get it by intercept?

Commander HamMiLToN. We do take it by intercept
but there are standard teletype circuits into the central
collecting centers as in Moscow and then are trans-
mitted to the stations in Europe and the United States.

Major MARTINO. You say they voluntarily provide
weather information?

Commander HAMILTON. Yes.

Mr. Hacke. They provide data in the Soviet Union
and China?

Commander HaMriToN. Yes, 1 might say sero-zero
and 1200 are the standard times for observation and
they cooperate. It would be useless if they had staggered
times because you couldn’t draw a weather map but
all are taking their observations at the same time.

Major MARTINO. So they cooperate by using the same
format and ways of msking measurements as every-
body else?

Commander HamiLron. Right. They tell us and
there’s no probiem.

Major Exn. I was going to comment on something
that interested me when | was in Kores a few yeans
back. When fling for a flight we received a weather
bricfing ard in every military weather station you see
a series of yellow pages with 12-hour reports. The
military weather station in Korea always had the latest
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weather report from Pyong Yang, North Korea, which
was picked up on their normal teletype sequence.

Major SwirT. This question of science versus tech-
nology is another chicken-and-egg problem. The idea
of sccial technology in the blind is what worries me.
When you don’t know the likely results of your input,
you get the same thing Mr. Hacke was discussing, un-
foreseen impacts whose result may or may not be what
you had in mind. This is my point, “Let’s find out a
little more about what we are doing before iumping
into a big program.” In the jargon of the social
sciences, this is called social tinkering, which I like
better than social technology.

Dr. LinsTORE. You mentioned money as a social tool
and this tinkering question come in—in the sense that
the aid money we are expending may be tinkering. It
may create more probiems than it soives. Unless we are
careful, and this is an important point as in meteorol-
ogy with the ocean currents and tir currents, we don’t
know what we need to do about the interactions, there-
fore, tinkering may have an adverse effect on the whole
system. The same is true here. It is quite dangerous to
look for tools in technology that will do something—in
& sense you are tinkering on a public scale, as in
climatol« gy.

Dr. DaLxey. In this circumstance, the caricature
would be somebody saying to James Watt, “Look, have
you thought about the social consequences of your in-
vention,” and his answer probably would have been,
“No.” Amume someone perceptive would have been
able to point out the horrors of the early industrial
revolution. The picture would have been pretty Biblical
and if I had been James Watt and someone had been
able to convince me they thought a revolution would
be the outcome of it, | might have been inclined to
forget it. I doubt if the judgment of history is that it
would have been better if he had forgotten it. That’s
my caricature,

Dr. Osereeck. Following that line of discussion, the
Wright brothers, sitting in judgment of modern air-
ports, might have done the same.

Major Maxrrvo. 1 think the term “social tinkering”
has buried in # some value judgments which is a bit
sneaky.

Major SWETT. The value judgment of it is the ides
of making a small move to see what happens; and is
emsentially a pragmatic valus. As far as sacial tinkering
we have been doing it ad infnitum, from time out of
mind. We can look at the experiment we call America
or the experiment we call Russis which are reslly the
James Watt type social technology approaches: If we
dont learn from them, we are irresponsible to say the
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least. Let’s look at the results the people before us
received—who had to make the decisions. They had to
tinker and invent; let’s see the results of their attempt.

Dr. SLAFKOsKY. | am not sure the mase of people—
we don’t like te call it social sciences to make predic-
tions as to what would follow from Watt’s invention,
but they would have foreseen the things you are talking
about were guing to happen. The fact that these hap-
pened, I am convinced, is the result of certain happen-
ings and events and people took hold and did certain
things with it. It isn’t something you or anyone could
have foreseen. I don’t know that we can use this type of
quasihistorical argument. I purposely call it “quasi”
because I don't think it’s really one—in looking at
possible implications. You are not saying, “Look at all
the implications before you leap.” You are saying, “if
you want to accomplish certain objectives, they are
more than technological,” and I'm talking about hard-
ware, ways of getting them if you take the hardware
bit, you are not sure of getting there. Examine it thor-
oughly; look at all the other avenues of approach you
might use and try to see which ones will marry up the
best. Am 1 understanding you properly?

Major SWETT. Yes. There is another jargon term
from my own discipline. In international relations the
approach is essentially pragmatic like this: “Dear
Prince, Yours truly, Machiavelli.”” Michiavelli has had
a bad press but was essentially prag-aatic and says “if
you want to kick over a monarchy, here’s what you do.
If you want to kick over a republic, do this. Here’s
what you do not do and why.” That’s the value we
could contribute to tech forecasting and planning.

Dr. Starkosky. He pointed out the implication of
these things orally and every other way.

Dr. Jounston. I suggest all this sounds Utopian and
that computer stimulation would afford a substitute for
social tinkering. We had a bad experience, trying to
look at society as an experiment because we never had
control over the variables with respect to past action.
This is the problem of the historian versus the scientist.
Our problem is we are tied up with historical processes
that never repeat themselves and have the same prob-
lem when we extrapolate. We would likc to have a
typical period of prosperous times with full employ-
ment and extrapolate, but it can’t be found. The closer
you look at history, the more you sve: You had reces-
sion, then a recovery, another abnormal period, and
then a baby boom, everything is abnormal in that
respect, it may be that computer stimulation ultimately
would be the akernstive.

Major SwerT. This is & good point. Such work has
gone on at Northwestern with Dr. Guetzkow and been
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very stimulating in this area. In other words, you don't
have to wait for the earth model to run itself out, if
you can come up with decent approximations to speed
the tiine factor. A run was made several years ago with
four exchange students taking part as decisionmakers
in the simulated countries. Dr. Levine, an anthropolo-
gist, asked to predict in writing how they would run
their countries based or his knowledge of their ethnic
background. He predicted nine points of what each
would do. The first thing he asked was: “What tribes
are they from?” He predicted from thst basis ard cor-
related exactly wit!: what they did in subsequent runa
of the simulation and how they went about it. One was
from s tribe that had been victorious in battle for
many years. Most of their holdings were acquired by
clubbing somebody which was precisely how he oper-
ated. I checked Dr. Levine's predictions with current
newspaper reports. The same tribes are still doing the
same things.

Dr. Starkosxy. I couldn’t agree with you more when
you are dealing with individual incidents, repetition
of which will never occur because the act, the time,
and everything else is different. We may learn some-
thing from this field but we will never learn it in the
same sense that we are supposed to learn from science,
especislly the mathematical sciences where we have
complete control of the assumptions, the postulates,
and the rest is simply logic. Even the physical sciences
where we are dealing with inert matter and cen repeat
things. However, I want to bring to your attention a
statement | have heard several times in the last few
days: Mainly, that sciences have laws. The physicsl
sciences do not have laws any more so than the social
sciences. If we look at the physical sciences you will
say, “Yes, they have laws. These laws are by and large
patterns that account for the phenomena available to
us.” These laws change and have changed. For over
two thousand years they have been changing as well
as the last 10 years, and will continue to change.

Major STEPHENSON. One reason why the physical
sciences have been successful is they have been careful
with questions they addressed. Many questions within
the physical sciences were no less complex than the
current questions within social sciences except those
in the physical sciences people know betier than to ask
those questions.

Dr. Starkosky. The physical scientist has it easy
and can cut off what he wants to look at more easily
than the social scicntist dealing with an individual
person who is theoretically unique from anybody else,
whereas the only uniqueness about an atom of one
kind as opposed to another of the same kind is spatial.

Commander HAMILTON. You will agree that the
whole atmosphere is a big laboratory and you can’t cut
it down but I agree this is tru= in most physical sciences
and you have a control laboratory.

Dr. DALKEY. There is a great deal of wisdom to be
gained from using meteorology. In your illustration, if
the physical s ‘entists had taken the problem of man-
aging the atmosphere in the 19th century, they would
have been about in the same position as the social scien-
tists are who are trying to manage & large society, and
physical scientists just refused to accept that as their
problem. I don’t see any reason why social scientists
couldn't refuse to accept this tremendously mobile
problem and try something smaller. However, there is
one small counter implication and that’s the case of
the Soviet Union, as I understand it, economists in the
United States have taken a great deal of satisfaction
with the shift toward western types of economic man-
agement going on in the Sovict Union. The conclusion
is the great experiment of controlled economy has
failed. The United States is doing a good desl betier
economically than the Soviet Union. However, look at
it from another point, it is anything but a failure.
Consider the incredible problem they took on them-
selves: to manage that economy. Maybe they didn’t do
it perfectly or optimslly, or as well as the United States
Lut, they did it. It makes you think of the story of
Johnson and Boswell. They went to a vaudeville show
where there was, among other things, a dog act, the
dog prancing around on his hind legs and after the
show Boswell said, “Wasn't it wonderful they way that
dog walked around on his hind legs?” Johnsor said,
“That’s not the way to put it. It wasn’t wonderful the
way he did it; it was wonderful he did it at all.” You
can make this same comment with regard to the man-
agement of an economy. The fact they did it at all is
something. I think we can say, out of that comes the
lesson something as large as an economy can be
mastered. It’s not beyond the capabilities of economic
science.

One of the reasons for having a technological forecast it to use it in making plans
for allocation of R. & D). resources. Mr. Cetron and Mr. Smith describe a procedure
currently being used by the Navy to allocate a portion of its R. & D). resources which
incorporates a technological forecast as part of the information going into the slloca-

tion prockss.

—FEditor
165




~ TECHNOLOGICAL FORECASTING IN MILITARY PLANNING

T

R an il 2

WM AE TS

R T R e T T R R R R i

Mar.in J. Cetron, Headquarters, Naval Material Laboratory
Donald F. Smith, Naval Ship Research and Development Center

Forecast: It is possible to achieve by 1980 fuel-cell powerplants having a lifespan of

2 years.

Forecast: In the same time period, marine gas turbines operating with inlet tempera-

tures of 2,300° F. are also achicvable.

Forecast: 4 50-percent reducticn in the volume of marine steam powerplants is tech-

nically feasibls by 1980.

These forecasts, and others, stem fromn the work of
a team of US. Navy scientists and engineers at the
Annapolis Division of the Naval Ship Research and
Development Center, whers they are using technology
itself to detail future technological developments.
Technological forecasting approaches are helping the
U.S. military services decide which avenues of research
and development offer the largest capability payofts in
terms of military missions. Fer example, if the military
mission is to seek ou! and destroy other submarines, it
might be asked whether it is better to do research on
quieting the engines of 2 submarine or on increasing
the power. Clearly, if money and time were unlimited,
Loth pieces of research could go on in parallel, and
similarly, all possible research could be pursued cn all
subjects. But with military systems becoming more and
more complex, planners are having to make increas-
ingly more difficult choices. They need a hetter tool
than “gut feeling.” The new art or science of tech-
nological forecasting is sure to become the new modus
vivendi,

The most obvious ana perhaps easiest method to use
in the attempt to foretell the future is to assume that
past trends will continue. Most intuitive forecasts of
progress are probably based on this relatively inaccu-
rate extrapolati \n technique. The less obvious but more
scientific techniques are based on quantitative extrapo-
lations that are reproducible by knowledgeable workers
in the field.

Over the period of life of a technical development,
progress as a function of time most often assumes an
S-shaped curve. The growth of 2 technelogy is similar
to the prowth of bacteria. Advance is slew during the

initiation period. Then an accelerated growth occurs
exponentially. At later stages, approaching and during
maturity. the effects of limitations, due perhaps to
theoretical limits, cause a deceleration, and the progress
curve levels off.

The U.S. Navy must perform certain wartime mis-
sions such as target lotection and destruction, strategic
deterrence (Polaris), and amphibious operations. The
Mission/Technology organizaticn chart (fig. IX-1)
shows how the design characteristics of vehicles that
would be needed to accomplish the given missions are
derived. While each mission would call for vehicles
with different characteristics optimized, all vehicles
would have many functions in common, such as detec-
tion, propulsion, offense, defense, etc.

A forecast can be made for each of these functions.
For instance, propulsion forecests would be in terms of
specific weight of the propulsion system, its reliability,
noise, and whatever other paramzters are considered
significant for the mission. It should be understood that
the U.S. Navy uses the same shins for mary types of
missions and therefore tradeofls are required. The sub-
svstem segments examined would be the propulsion
transmission svstem, energy converter, thrust producer,
and whatever other segments are needed.

In this fashion, we can work our way down the chart,
eventually going ints anv degree of detail we wish.
This information is used for verv practical ends. For

example. here's part of the forecast i, gas turbines.

Gas turhines that have high power and light weight
and that can operate in & salt sea-air environment,

eould well be the powerplants that make it possible for
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us to have advanced hydrofoil crait, subtender hydro-
skimmers and other high speed (100 kis. and bstter)
naval vessels,

Marine gas turbines have a tremendoas potential for
development. The possibilities for high-power, light-
weight, com;act powerplants are unmatched in any
other type of unit. Powerplants with these character-
istics are particularly vital for powering new-concept
vessels such as hydrofoils and aircushion craft. See
illustrations IX-1, IX-2, and IX-3.

A rapid growth in the power capabilities of gas tur-
bine units has occurred. Engines as large as 43,000
horsepower have been built, and units exceeding 50,000
horsepower are projected. This growth trend will prob-
ably continue but at a lesser rate as limitations of
mechanical, thermal, and ducting size factors are ap-
proached. However, much larger power outputs will
be obtained by using multiple gas generators to drive
a single power turbine. Power outputs as high as
150,000 horsepower have already been attained by this
method.

The history of development in areas of weight, vol-
ume, and fuel consumption for the simple cycle gas
turbine are siiown in figure IX—2, IX~3, and IX—4. The
engine components, namely the compressor, combu --
tion chamber, and turbine, were investigated to deter-
mine their development trends. As shown in figure
IX-5 potential improvements in compressor, com-
bustion, and turbine efficiency are slight. Any future
improvements extending those already made will bring
" about little increase in efficiency; consequently, work
to improve the efficiency of these components will have
an insignificant effect on the future engine perform-
ances.

Compressor pressure ratio has increased significantly
during recent years, but any further increase will be
small. Because of improvements in blade loading, com-
pressors are now designed to an optimum pressure
ratio determined by turbine inlet temperature. Blade
loading, which has enabled engines to obtain higher
pressures with fewer stages, appears to be approaching
a practical limit.

The addition of more heat energy within the same
basic engine configuration has been the major con-
tributing factor to the recent and future improvement
in the engine characteristi¢ parameters. Therefore, the
parameter that will have a significant effect on the
engine is the turbine inlet temperature, The increase of
inlet temperature is shown in figure IX-6. Extrapola-
tion of the curve to temperatures in excess of 3,000° F
is based on laboratory tests in which operating tem-
peratures as high as 4,000° F have been achieved.

It can be seen when comparing the figures that the
specific weight of the simple gas turbine, volume, and
fuel-consumption improvements parallel that of the
turbine inlet temperature.

Additional savings in weight and volume of gas tur-
bines can be expected by using improved materials and
better structural designs and blade-cooling techniques.
These practices have been applied to increase inlet
temperatures to today’s figures, but major increases in
this area are still possible.

Thus, from a practical point of view, research and
developme:it effort should be concentrated in the fol-
lowing areas on the basis of the high payoff possibili-
ties for improvement of the gas turbine for marine
purposes:

® Cooling of turbine blades and other components

in high temperature ambients. This will allow
higher turbine inlet temperatures that will, in turn,
lead to significantly improved performance levels.

e New materials and protective coatings for these

high ambient-temperature components. This will
increase life expectancy by increasing resistance
to high-temperature oxidation and sulfidation.
An increased resistance to thermal fatigue and
creep is also required.

® ‘.nproved materials, designs, and fabrication

techniques for regenerative gas turbines to re-
‘duce their cost, weight, and bulk.

¢ Further application and adaptation of aircraft

gas turbines and technologies to marine service.

" Technical areas where relatively low payoffs for the

ezpended effort could be expected include:

® Attempts to improve efficiency of combustion,
compressor, and turbine. These efficiencies in the
best existing units are about as high as can reas-
onably be obtained.

® Attempts to increase significantly the blade-load-
ing or compressor-pressure ratio unless accom-
panied by major design changes.

We can match technologies against the needs of the
U.S. Navy. The planning matrix shown in figure IX-7,
based on hypothetical v-lues, shows that in the gas-
turbine area, there are still major problems to be
solved with respect to small boats, integrated Fleet
propulsion, integrated ship auxiliaries, ship-noise con-
trol, and surface effects ships. The matrix also shows
the functional areas where gas turbines are applied.

Three factors used by the U.S. Department of De-
fense to evaluate systems programs are military utility,
technical feasibility, and financial acceptability. These
factors are also important when planners evaluate re-
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search and development. However, it is necessary to
Juantize these factors so that they may be compared
for different Research and Development programs.

Appraisal sheet IX-1 addresses the problems of
military utility. Militury utility with .espect to develop-
ment atmoephere is a measure of R. & D. work in terms
of its usefulness in meeting U.5. Navy's General Oper-
ational Requirements (GOR). To be usef.!, hardware
or information must provide a new or improved capa-
bility in the shortest possible time after its need is
recognized. Thus, military utility is made up of three
interdependent criteria: value to naval warfare, re-
sponsiveness, and timeliness. In this condensed version,
we will consider value to naval warfare.

This criterion considers the extern: of the contribu-
tion of & task area objective (TAQ), & unit of work,
in terms of its inherent value as well as its military
operational value. The importance of a task is measured
by its relative impact on any individual naval warfare
category as well as the number of categories receiving
a contribution from the task objective. This is done by
multiplying the assigned value of the warfare category
by the impact value of the contribution to arrive at a
value for each individual category. The sum of these
values will determine the value of the task area objec-
tive to the operator’s guidince. Note: The figures of
merit, or point values assigned to each naval warfare
category (col. 1) are dumm; figurc., iliey were as-
sizned for this example only. The actual total number
of points assigned these 29 naval categories are equal
to 100, and they are assigncd for test purposes on the
basis of the importance of each of these categories in
the 197580 time frame since this is when most of our
current exploratory development work will find its way
into the Fleet. The operational users provided the test
figures Lased on the present world situation and their
¢stimates of the most probable future situations.

When the warfare area specialist filled in column 2,
the impact of the task area objective contributions, he
considered the descriptors at the bottom of the page
tScale of Definitionsi. In some cases the four descrip-
tors do not adequately describe the contribution; in
thoee cases he interpolates between these numbers.

The credibility of the ratings of technical feasibility
sad the probability of success increase if they are ratad
by personrel who have the necessary techrical exper-
tise unid competence, as they can best judge these fac-
fors on the hasis of the ability and experience of the
individusls and-or organizations carrying on the de-
velopasen? efforts under considerstion.

The top half of appraisal ~heet IX-2 solicits the
opinion oi the technical specislit regarding the prob-

ability of achieving the total task area objective that is
being undertaken. It considers whether the task could
be successfully accomplished from » scientific and
technical feasibility point of view. Technical risk also
takes into consideration the degree of confidence or
prediction that the remaining portion of the total ob-
jective can be attained. The degree of confidence or
prediction that the remaining portion of the total task
objective can be attained usually assesses the factors
of the present state-of-the-art, either implicit or explicit.
This technical appraisal is naturaily based on technical
forecasts and includes time fictors and resource levels.

Therefore, the technical specialist checks the box that
best describes his opinion regarding the task area
objective being evaluated, as well as the number of
differe:t concurrent apprnaches being taken which are
also a measure of probability of success.

The area called “sacred cow?” and “who says?” was
also considered in what we call the “management en-
vironment.” This section solicits opinions on the ac-
ceptability of the effort in the management structure.
Here, the evaluator is asked to give what he believes to
be the Washington environment considerations con-
cerning this effort, and he checks the applicable box.

The bottom of sppraisal sheet IX-2 is then analyzed.
The total program is calculated by value, expected
value, and desirability index for three funding levels,
by the computer. The inputs for military utility come
from Appraisal Sheet IX-1.

For example: Suppose the proposed task area objec-
tive {TAO), or R. & D. effort, is to devise a system
able ¢, detect submerged subinarines a given distance
away from a sensor, say 20 miles. We shall consider
the criterion “Value to Naval Warfare.” Of the 29
naval gereral operational requirements shown in col-
umn 1 of appraisal shect IX-1. the TAD would be of
value and contribute only to five GOR’s: airborne
ASW, surface ASW, submarine ASW, undersea ASW,
and ASW ancillary support.

With respect to airborne ASW, the sucerss of the
R. & D. venture in this hypothetical example is con-
sidered & revolutionary estension of capabilities, snd
is accorded 0.7 point. At the same time, airnorne ASW
is said to contribyte 5 aut of the 100 units assigned to
all the COR's. Thas, the value of the TAO to naval
warfare with respect tc sirburne ASW s 3.7 5-23.5.
The other cstegories can be similarly evalusted for
their contributions, snd the total value of this TAO to
naval warfare is sunimed ot 11.4 as shown on the
sppraisal sheet.

For our cakulstica of the Probability of Success
iP,) in meeting the TAQ, we use the probability chart
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4. TOTAL VALUE TO NAVAL WARFARE = | 1L.b |
Scaie of Definivions for "Impact of Task Contritution” (Colwmn 2):

Points - Descriptors

1.0 Creation of radically new mission corcepts (meets overriding critical need)
.7 Revolationary extension of capabilities
.4 Incremental or marginal improvemert of capabilities
.2 Increase in economy

ArprAIsAL SuEsT IX-1.
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Probability of Success

- D 80 - 100% Chance of Meeting TAO
M 30 - 80% Chance of Meeting TAO

D 0 - 30% Change of Meeting TAO

Number of Different Concurrent Approaches
[]: [ls Lis O- Cls
D 2 B{F D6 DB , DlO_ or more
. L

Sacrea 'Jow? Who Says?
s-1[[] eresident - s-5 [] acs (Joint Chiefs

of Staff)

S-ZD Congress '

-6 D CNO (Chief of Naval

| s-3 D DOD (Department of Operations)
Defense)
s-7 [] cop (cnief of Naval
S-h D ASN (R&D) (Assistant Secretary . Development)
of Navy for Research and )

Developuent) s-8 D Other

Appraisal Summary

No. of GOR's 5

i Value (V) 11.4

Probability of Success (Pg) 0.9375

Expected Value (EV) 11.4 x 0.9375 = 10.7

Optimum Funding $2 million

Desirability Index (D) 5.35

APPRAISAL SHEET 1X-2.
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Tasex IX-1.
Tab:lation of P,
¢ ‘08 05 02
»
1 0.80000 0.50000 0.20000
2 0.96000 0.75000 0.36000
3 0.99200 0.87500 0.48800
4 0.99840 0.93750 0.59040
§ 0.99968 096875 0.67230
6 0.99993 0.98438 0.73786
7 0.99997 0.99219 0.79029
8 0.99999 0.99609 0.83223
9 0.99999 0.99805 0.86578
10 0.99999 0.99902 0.49263

shown on table IX-1. In this chart, n is the number of
concurrent approaches used to accomplish the TAO,
and C is a number arbitrarily assigned to the chances
of succeeding in a given approach. We use:
80 ~ 100% chance of uuccess: C = 0.8
30 — 80% chance of siaccess: C = 0.5
0 - 30% chance of success: C = 0.2

We assume that all approaches n have the same
chance of success, and therefore the same value of C.
If each n were to have a different C, a more involved
calculation would have been necessary.

‘The number assigned to the probability of one
approach failing is then (1 —C).

The number assigned to ‘the probability of all
approaches failing is (1 — C)".

Further, if we assume that: at least one of the ap-
proaches taken will succeed, then the number assigned
to thg: probability of success P, is 1— (1 — C)*.

This Ggure for P, is filled in on appraisal sheet No. 2
under the Probability of Success column.

Example: Op an appraisal :heet IX—2, we might have

- had four approaches (n = 4) with a 30-80-percent

chance of meeting TAO (C = 0.5). Then the number
corresponding to the probability of success is 0.93750
or 93.75 percent. From our previous example we calcu-
lated the total value of a given TAO to be 11.4. There-
fore, the expected value is 11.4 < 0.9375 = 10.7.

The preceding has been a discussion of concurrent
approaches. Xf the task srea were made up of phased or
sequential operations, these probabilities would be
handled in a different manner. -

Three funding levels are - utilized in the concur-
current approach: the actual/optimum, maximum,
minimum.

The actual/optimum consists of the latest approved
fiscal data. For each subsequent yeer, funds are entered
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based on what is estimated as necessary to achieve the
completion date if the task area is supported at an
optimum rate. An optimum rate is one which permits
aggressive prosecution using orderly develépmental
procedures—not a crash program.

The maximum consists of what could effectively be
expended in advancing the task area completion date,
Maximum funding is the upper limit in which unlimited
resources are assigned in order to accelerate the ac-

complishment of a task area,

The minimum consists of what could be effectively
utiliZed to maintain continuity of effort and some
progress toward fulfilling the task area objective.
Minimum funding is the threshold limit below which
it would not be feasible to continue further efforts in
the task area.

The simplified formula is:

Value (V) X Prob. of success {P,) == Expected Value
(EV)

Expected Value (EV) _ 1) obility Index (D)

Funding Level (C)

These techniques are ii..ended, not to yield decisions,
but rather to furnish information which will facilitate
making decisions. Indeed these techniques are merely
thinking structures to force methodical, meticulous
analysis. The data plus the analysis only gave us in-
formation. It takes this infors. wion plus judgment to
render the decisions.

There are certainly technical problems in making
forecasts even if the methodology is firmly established.
One of these areas is in selecting the parameters that
are to be forecast. This, incidentally, is the first step
one uses to prepare a technological forecast for any
area of interest.

The experience of such experts in the field as Ralph

Lenz, Jr., of the U.S. Air Force, and Prof. James Bright
of Harvard University, points up the berefit of choosing
parameters that are -+ can be considered independent
o any specific technology and not constrained by man-
generated rules or regulations. The approach used at
the Annapolis Division of the Naval Ship Research
and Development Center is to have appropriate tech-
nical experts choose parameters characteristic of a
functional capability, for example, pounds/horsepower
for .energy converters, and which are sufficiently
descriptive to afford a scientific assessment of specific
techmquea, applicable to the systems under considera-
tion. ) ' Y

To esta.b‘hsh 1 the future possibilities of an energy
convérter for a 'marine propulsion system, one must
have forecsats of at least the following parameters—




specific weight, specific volume, efficiency, and total
power capacity per unit. These pradictions or forecasts
are associated with marine energy converters in
general. By summing up the optimums of each ca-
pability, we arrive at an idealized energy converter.
However, it must be realized that a unit incorporating
the optimum value of ea~h of the forecasted capabilities
will probably never be built because some of the
capabilities arrived at are often contradictory. The
lightest unit is generally not the highest power unit, as
ar. example. However, the value of the analysis is that
these functional capabilities do represent a set of
potentially achievable goals for development programs
if one is willing to invest sufficient money.

When choosing the parameters to be forecast for
specific techniques, planners must be certain to select
those parameters that are necessary to discriminate
between alternative techniques. With respect to the
example of energy converters for a ship propulsion
systein, if a selection is to be made on other than a
subjective basis, forecasts of the following parameters
must be made: specific weight, specific volume,
efficiency, reliability, maintainability, ease of automa-
tion, noise and cost.. Moreover, if the analysis is to be
meaningful, each parameter must be related to each
other for each technique. It would certainly be faulsy
to select a given specific technique, for example, diesel
engines, as the best powerplant on the basis of efficiency
and ease of automation without, at the same time,
accepting the fact that among other detriments the
diesels are not the lightest or quieiest units.

Once the planners select their parameters and
circumscribe the areas for data gathering, they must
face the problem of what constitutes valid data. The
researcher gathering the data must be sufficiently
Lnowledgeable to reject fluke data points but open-
minded enough to accept valid points perhaps beyond
his personal expectations, The U.S. Navy’s approach to
this problem is to use engineers trained in the technical
area (electrical engineers for electric drives, mechan-
ical engineers for steam and diesel), but not personnel

'considered expert, to do the literature search and plot

the historic data.

To "derive the functional capability curves, 're-
searchers examines the record setters and experimental
units in order to provide the best that can be accom-
plished for any given fanctiop. On the other hand, ‘for
the specific technique curves, only data from opera-
tionul equipment are used so that the curves refléct only
practical capabilities. Each data point is throughly
documented and hackground material filed. These files

are mvaluable when curves are reviewed by the experts,

NI > s o T

because many arguments occur when data points do
not agree with subjective opinions,

The technica! library is invariably the starting point
in the search for supporting date. Early data are
obtained from classic texts, which also indicate the life
span of the technology. Technical reports usually are
the source of recent and recent-past data, particularly
reports of ship trials for Navy projects. Obviously, the
mest time-consuming element in generating a tech-
nological forecast is in this data gathering, and it can
o'ten be costly as well. In some instances, library re-
search is not adequate, for example, where reliability
data are needed. Here, no good data exist in recogniz-
able form and must be accumulated at the source, that
is, from ship records, shipyards, and manufacturers,
and reduced before it is useful for forecasting. '

For the extrapolated portions of the specific tech-
nique curves, which are in fact the forecasts, several
constraints are 1mposed First, wherever possible, a

theoretical limit is established, which indicates a ca-
pability that can be approached only asymptotically and -

never equalled or exceeded. Second, the functional
capability curv.s are monitored Hecause without a
scientific breakthrough, these could not be exceeded by
any specific technique. Third and of highest -signifi-
cance, the design functions associated w1th the specific
techniques under investigation are examined fot those
components and/or subparamsters which have the most
influence on the performance of the equipment. After
the most important contributors are identified, fore-
casts involving them are made to show the degrez of
improvement that can be expected in the basic equip-
ment as a result of expected improvement in the

“component or design limits.

When forecasts are made at the sibparameter level,
experimental units, iaboratory tests, and basic research
results are used to gain an insight into the advances
that can be expected in the technology. An example of
this can be seen in several of the gas-turbine curves
accompanyinggthis article.

Finally, technical fields related or contributing to the
one under “investigation are studied to find out if
technplogical advances in these fields may be ahead of
the one being investigated. An instance of this pro-
cedure is shown by the curves of aircraft gas-turbine

“technology ver: \» marine. This procedure bears fruit
+ only in relatively few cases, such as when compasisons

are made with advances in the ajrcraft and space fields,
where progress is the result of spending unusually large
amounts of money. wel! beyond that normally expected
under less urgent conditions,
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The human element in forecasting is perhaps the
most difficult aspect to handle. When the subject of
technological forecasting is brought up, the first re-
action one usually gets is skepticism. Surely, nobody
claims that the procedures we have described give a
clear look into the future. Nevertheless, the fact that
our window may be fogged a little should not lead one
to believe thit we have no window at all. And the lack
of certainty with respect to the future should not take
sway from the value of technological forecasting for
long-range vlanning purposes.

* There is little doubt that if we can delineate factors
that have contributed to state-of-the-art advancement,

and then plot their progress over the years to establish

trends, liese trends will continue unless deformed by

" external constraints such as the reaching of a theor-

etical limit or the, arrival of a new technique of
clearly superior capabilities. '

. In the broadest sense, if technological forecasting is
looked upon as movement or progress rather than the
upward march of numbers, then the quantitative aspects
of the forccasts hecome relatively unimportant. A trend
will have been established, and errors, even as much
as 50 percent, will have little effect on the usefulness
of the material.
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Another problem, wkich is eamsentially a human one,
is to assess where the levels of effort which have been
applied in the past to some techniques will continue in
the future. The knowledge held by some workers in a
particular field might indicate to them that a certain
technique is in disfavor with policy makers. Therefore
support for this technique is apt to be lessened, thereby
imposing an artificially depressed slope in the curve of
progress. However, periods of favor and disfavor are
apt to cancel each other out, and where progress is
needed and is possible, progress will usually occur.

Nobody disputes that all .subject'vity should be
ferreted out in gathering historical data and in generat-
ing forecasts. It is equally true that this is a difficult
thing to ask. We do not argue that subjectivity cannot
lead ir some instances to good forecasts. However,
such forecasts are not reproducible in the scientific -
sense and therefore are difficult to generalize or apply
broadly. In a practical sense, the Navy attempts to
walk the middle ground between subjectivity and
statistical extrapolation, and is guided by as much
common sense as a situation will permit. The future,
after all, is simply a logical extension of the past and
present, and all we have to do is find the curve to
extrapolate.
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