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FOREWORD

This study is a part of the Mission Identification Program; Phase I,
Long Range Forecasting, and was performed under OAR Work Unit
7909-00-02, "Mission Analysis Methodology" by the Oifice of Research
Analyses with the assistance of other organizations.

In this report, forecasting is interpreted in its most general sense;
that set of processes, both logical and empirical, involved in obtaining
decision information with regard to future conditions. It does not pre-
sent a forecast or a method of forecasting. It is in essence an investi-
gation of the fundamental theory and problems, and pitfalls, related to
long range forecasting. The utility of this study is that it provides to.
those in the planning operation a clearer understanding of the forecasting

process and hence should improve the quality of the forecasting art.
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ABSTRACT

Theory and Problems of Long Range Forecasting defines fore-

casting as a system of lcgical processes implicit in planning and decision
making. The system is analyzed to components and functions, f(ey
points and barriers to more effective operation are identified, with
opportunities for avoiding or reducing some of the barriers, and prom-
ising avenues for further research, The alternative to effective fore-
casting is surprise. The characteristics of an effective forecast are
reliability and relevance., Reliability is a function of consistent logics
and valid premises, with the latter a major barrier, Relevance is the
relationship between knowledge of facts and knowledge of human values,
with the latter a present barrier., Criteria are developed for esfimating
the potential effectiveness of a given forecast or forecasting methodo.logy.
These criteria are combined in a structured series of questions for ease
of application. Natural science and technological forecasting are found
to be high in reliability but low in relevance for most planning and deci-
sion making. Social science and threat forecasting are typically high in
relevance but low in reliability, Empirical research to increase the
validity of social theories is the most promising avenue for improvement

of forecasting, planning and decision making.
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INTRODUCTION

The Mission Identification Program of the Office of Research Analyses

was designed to assist Hecadquarters, Office of Aerospace Research and
Headquarters, Air Force, in the tasks of long range policy, mission |
structure, force posture, research and development planning. All Air
Force planning activities require information in regard to future threats
against United States interests and security, Some planning activities,
notably those mvolvmg bauc research decumns, require threat informa-
tivn at time ranges up to twenty years in the future because of inherent
lapse-times between initial decision and operational systems in the field,

Potential threats to United States interests and security arise from
stresses within the international social, economic; political, military and
technological environments. However, present state-of-the-art in the
forecasting of these environments to a twenty year range leaves much to
be desired. _ '

With these considerations, definition of ﬁze Mission Identification
Program recdgnized a need for further improvement of long range fore-
casting in general as a prerequisite of improved environmental projec-
tion, threa! and mission identification, and thus improved irformation
for Air Force planning activities. A basic research task addressing the
theory and problems of forecasting anything was designated as part of
the initial phase of the program. Study began in September 1966 and was
.completed in November 1968,

The method employed for this study is very similar to that used in
technological barrier research, wherein complex systems are analyzed
to their components and functions in order to identify key points and bar-~
riers to more effective operatioh, opportunities for avoiding or redacing
some of these barriers, and promising avenues for further research,

Based on this approach, the followingtopics are considered in this report.
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1. Background discusses the context of forecasting, its relationship
to planning, decision making and the ability to consciously direct change,
the development of an accelerating demand for forecasts, and the devélop-
ment of efforts to meet this demand,

2. The Nature of Forecasting corﬁsideu basic definitions, the sys-~

tem, its component processes and its products, -the characteristics of an

-—

effective forecast and the consequences of ineffective forecasting,

3. The Problem of Reliable Forecasting analyzes the orgaaizatioa

of knowledge, the roles played by various modes of reasoning with their
typical sirengths and weaknesses, the transfer and the quality of kmowie
edge, as these relate to the problems and potentials of forecasting.

4, The Problem of Relevant Forecasts shows relevance as the

relationship between knowledge of present or future facts and present or
future values, From this reference, the normative aspects of forecasting
are defined and discussed.

5. The Temporal Dimension considers the sequirements for static

and dynamic reference systems, time-series observations, and some of
the problems typically associated with dynamics and causality. Areas
for additional research are outlined.

6. The Matter of Biased Forecasts discusses the nature and

symptoms of conscious and unconscious bias, as these appear in "self-
defeating’' and "'self-fulfilling' predictions, Bias is shown to be 2 norma-
tive problem akin to salesmanship, which affects both relevance and
reliability, Some approaches to the validation of biased forecasts are
outlined, | .

7. Potentials for Increased Effectiveness combines the findings of

earlier sections into a critical path network designed to maximize both
reliability and relevance, Typical barriers and alternatives for avoiding
them are identified. A list of criteria and pseudo-criteria of reliability,

and s list of criteria for ascertaining the relevance of a given forecast to
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the needs of a particular set of planners are presented. Attention is
directed to the nature and criticality of key problem ele:nents and subject
areas which underlie barriers to both relevance and reliability at the

present time. Avenues for improvement are suggested.

8, Conclusions lists those findings of the study considered to be

fundamental to understanding the nature and problems of long range fore-
casting in any subject area, and to the progressive improvement of fore-
casting, planning and decisicn making in general,

Anpendix A: An Interroraticon Mcdel for the Evaluation of

Forecasts and Forecastina Methods is a structured series of questions

designed to investigate the relevance and reliability of a given forecast or

forecasting methodology. It provides information concerning needed basic

research, requirements for empirical validation studies, and a fairly rig-
orous estimate of the potential effectiveness of forecasting in a given

subject area,

Arvendix B: Customers' Checklist is an abbreviated interroga-

tion model designed for use by planners and decision makers who do not

have time to go through a detailed evaluation, but nevertheless wish to

assure themselves that the major points have been considered.

The author recognizes the extreme difficulty inherent in forecasting

and the improvement of forecasting, The present study is not considered

to be firal, but only one attempt to apply the systems approach to the

apparently endless task of progressively reducing uncertainty. It is not

designed to provide a forecast or a method of forecasting, but only to
assist in some small measure those who are charged with so doing.

Whatever utility this study may have must rest with the practicing fore-

caster, planner and decision maker,

L]
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BEN H. SWETT, Major, USAF
Principal Investigator
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LONG RANGZ FCAEZCASTING

I. BACKGROUND

For the purposes of this study, forecastiny is dafined in its mozt

general sense; i.e., that set of procezses involved in ch2aining i-forroze

Lovlaom e T G s

tion in regard to future cenditicns, This bread ddzmﬁoa was chozza in
order to establish a frame cf reference vvhich would not arbitrariiy ¢z

Wawe wrd &

clude any conceivable means of obtzizing such informatiza, Tz c;.:':,-::'_:;:
of "process' was indicated by our overall chjective of improving e
product, and our preference for a systems approach, Section II, The

Nature of Forecasting, will tighten this definition by specifyirg the proc-
esses involved,

1. Context

In this general sense of the term, there is nothing new or unigue
about forecasting; both the desire and the ability are probably as cld as
the human race, Anticipaticn aad prejudice, hope end dread, threat ex=d
promise, superstition and scientific predictioa all share the commen
property of referring to future conditions or the expectation of future
conditions, Such expectaticns, in one form or ancther, gzpeartobe s
natural and univereal characteristic of human beings.

Why do we concern curselves with the future? Why not eimply woi
and take things as they come? In cther words, what ie the use cf trying
to forecast anything?

We do so because the "power of prediction' is more than an idle
combination of words; the ability to forecast is one of mankird's most

bacic tools,

For thousands of years, man has been nctatle for not only ednplicg

by

himself to his environmen? as cther species, but for persisteatly ellemt.

ing to adapt his environment to kimself. DBecause the word Meuviroumau

implies "surroundings, '' man'es envircoment includes kimzelf end the

S r—— oo g < VAN
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t imstitutl k2 has crested. Toadagt scmnﬁhi..g means to aliter or czance

it in a spzcific way., Thus, man typlczlly causes changes wkich would
nct occur if the non-human world were left to itself, Further, he ususlly
does this with some purpose or gcal in mind. He not only attempts to

A cause ctange, but to direct it as well, . ‘

It iz in this context that the ability to foreecast represen tz & major
tecl f the roce. Wa are guworlzoes to alter the past, and relotively

powerless to zllor the prozent. (Ref 1) Omly through the future effccts

[

of guz present acticns do we actually influcnce our envirczment, Even
there, we are limited by the relatively small emounts of biological energy
we hove inkerited. It is the ability to forecast which allows us to entici-
pate rotural dynomics, to cbiain previews of desirable and undesirable

erat e e

conditicng, and to foresce the potentizl consequences of our own actions,
Beczuss 1o power of prediciion oo ...iaa the gbility to eee the outcome
before (e get, it further 1::1;¢}ias the poosibin&y of cheosing between
altcrmziive ecticns (or monezcticas) before mzking a commitmezt to any
of taem, .

wzh the selsctive and timely application of our smzll enargies

BT
mzde prasible by the abilliy to forecast, we are gdble to ect iuio mcliien

flecte witlin €2 matural Eymarmics which thea enplily ocur

(4]
ks
R
[
£
&
o

e
ensroies gnd provida e degired rozulils, Wiile 1t is trus that we can

causo ¢himoas viich we canmaot prodict, end that we cza cfton predict

chanzes wiich we canuct couss, it is only whea we are eble €o combine

.! both the power of prediction and cur small power of cauaztica that we
stiain to effective power in the fullest sense of that term: tha plility to

' Comnelonaly dizrat ebr-wa, This is the utility cf forecasting: that it forms
i

% n

s prorcquisits cf such powar,

[ ]
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2. Forecasting, Planniny and Docisicon I Mna

A

" From this discussion, it may be seen tkat all plazning szd
decision making requires some form of forecast, no matter how quicily
and intuitively derived. A plan is essentizlly a decision or series cf
decisions made in advance for the purposzse of directing change; decisica
is a conscioue choice between perceived alternative courses or acticns,
Thus, it is imposeible to make either plans or decisions withowt glzo
making forecasts about the likely cutcome of each alternative; ths forz-
cast is implicit in the plan,

Because a forecast is implicit in any plan, the planner does nct kave
a choice as to whether he will make a forecast, He does, however, kave
a choice as to whether the forecast will be made openly, objectively exd
systematically so it may be subjected to the review and criticism of
others, or intuitively. subjectively and arbitrarily, thus making review
and criticism difficult or imposaible. It ie just such review and criticizsm
which is required for the pregressive refinement of forecasting. (Ref 2)

3. Develcmment of Derrand

An intuitive recognitica of the power izherent in the ability to
forecast has led to a long serics of efforts to improve it, this study being
only one of the more receznt. The scarch {tcelf has providsd mclivatiea
for scientific development, and the acid test of scientific hy':.o‘:hcse;. 1t
has also led into the arezs of prcrhecy, estrology and sugury. Thae
urgency of this recognized need for better forecasting has nct diminished
over the years, and has increased rapidly in the last quarter century,
due to the combination of several facilitating factors,

One of these factors has been the continusd evolution of zecponsible
leadercship. In modern political, economic and military eavironmenite,
irdividunl leaders are increasinzly held accountakle for the recults of

their decisions, The stztesman, menager or commandsr who leads kis
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roonization into dire straits through a lack of foresight is far lezs im-
muze to replacement than he was formerav, ' Thus, accurate foresight
kas beccme a criterion for the continued exercise of authority, to some
degree replacing the right of birth, of wealth, and similar criteria, The
result is an increased demand for the services of professional fore-
casters end advisors to angment the leader's own abilities,

A necoéd impetus for looking ehead came about as a ;ide-product of
the scientific and indusirizl revoluticns., As continued develezment in
these arcas became disseminated in%o cperational tecknelegy, it dra-
rmz2ticelly increased man's capability to alter his envircament, Increased
capability implies an increase in the number of alternatives availatle,
azd thus an increased need to forecast the potential conseguences of each
before making a choice emong them. Increased capability also implies
more far-reaching effecfa. in scope and in time, The consequences of
modern technology range far beyond 61:: presexnt ability to foresee them,
Ccacern a8 to whether such effects will lead to desirable or undesirable
conditions has increased the demanrd for improvement of forécasting.
(Ref 3)

Alco from ecicnce gnd technolozy hes come an accelerating rate of
2, Ve speak of an increasingly dynamic world, Ina etztic situstion,
or coaswhore chaznge I8 very slow, forecasiizg is extremely simple: the
fuiure will be the same 25 the past and present, Ia an absolitely rendom
situsticn or cne where every charge is unique, forecaeting is impossible,
Betwosn these two limits, the nezed for accurate foresight is directly
related to the rate of change, The faster th.ingl are moving, the farther
shead and the more clearly one nceds to see, Both delayed response and
overcorrecticn ere sympicoms of inadequate foresight. |

A third gource of demznd for improved forecacting came about pri-

rorily in the United Stztzs as & great but subltle ehift of attitude during

e -
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World War II. Subsequently, it spread to almost all countriecs, or to
groups within those countries, through the explosive impact of modern
communications, In the United States and some western countries, the
masses of people began to look to the future in a different way. Dcoferzed

spending and consumption, postponed families and educations, anticipated

housing, business, social and technological opportunities all contributed

to the expectation of an attractive future, rather thana da-rk and fearful
unknown., "After the war...' became the slogan of anticipation. Per-
sonal, social, corporate and national planning for such a future became
habitual, and even the uncertainties inherent in forecasting have not
returned the majority to its traditional orientation of looking only to &
comfortable and understandable past. - C »

In other countries, people also began to be concerned with the future,
They compared their present and projected conditions with those of other,
more develcped nations, classes, or'individuals. The contrast in mazny
cases was secn as intolerable, but no longer impossible to rémedy. The
result was a "revoluticn of rising expectations, " increased §resaure for
attainment of these expectations, and sc increased demands on fore-
cast-ers. planners and decision makers,

A fourth type of demand pertains to the range of fcrecasts, The
utility of increased range was demonstrated by a number of inztznces
wherein actions based on short range forecasts tended to defeat their
original purpose in the longer range. One such example was the launch-
ing of Sputnik I, which temporarily increased Soviet prestige at the sub-
sequent cost (to them) of stimulating United States missile and space
programs, research, and scientific education. Ancther was the U.S,
support of dictatorial regimes as a defense against communist insur-
gency, which in some cases such as Batista's Cuba served to increace

popular unrest, and so opened the door to the very thing it was desigaed
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to prevent. And a third was the overamphasis on heavy industry in coun~
tries like India before an adequate base of food production, population
control and national infrastructure was established, which, contrary to
optimistic forecasts, acted to dilute economic development rather than
to accelerate ft. | R

This discussion of the demand for forecasts.may serve to illustrate
the direct relationship between the ability to forecast and ‘the number of
alternatives available for decision., Increased availability cf alteraatives
implies increased need to forecast their consequences, but increased
ability to forecast also implies increased latitude for choice through
identification of otherwise unperceived alternatives, Developed countries
tend to find themselves in the former condition, and the less developed in
the latter. Both require improved forecasting, planning and decision
making, although for different reasons.

4. Development of Suznnly

With such a widesbtead snd urgent demnnd establiaized. planners

of all sorts have atcempted to extend forecasting in both tanée and scope,

In the United States, the coacept of cost-effectiveness was initially intro-
duced to evaluzte current operations, but soorr showed even greater
potential when applied to propocals, When it was directed to the evalu-
ation of development programs, &nd then to baseic research aad policy
decisions, the cost-effectiveness concept led long range planning and its
attendant, long range forecusting, outward in time from cne year to
three years, then to five, ten, twenty, and in some cases, fifty years.
At the present, short range forecasting is generally understcod as
implying ranges up to five years, midrange five to ten years, and long
range from ten to twenty years., These are not, however.. definitions,
For this study, long range forecasting is considered to lis in the vicinity
of twenty years., ' ’
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As the range of forecasting expanded, so kas the sccpe of subjost
matter and the number of institutions involved, Forecasis are now
available on subjects ranging from family genetics and election returns
to solar cycles, atomic proliferation arnd urban renewal. .

For their own survival in a competitive environment, business ard
industry have included forecasters in both their marketing azd preductica
divisions; national governments kave established special advisory beazis,
"brain trusts, ' and "task forces.'" Some of these have become perma- ‘
nent institutions or departments of government. Technolegiczl forccasie
ing, with its importance to military, industrial, and naticnal plancers,
has developed from the hazy conjectures of the war years to a major
enterprise affecting the highest level of corporate and natioral decisicn,
(Ref 4)

Added to these "sericus" or professional forecasters are the much
larger numbers of no less serious but often less professicnal efforts en
the part of experts in nearly every field. Today nearly every book,
article or report may be expected to coanclude with a £oreaef; a public
speech without a prediction is rare, and the pcpular informaticn media
are saturated with various opinions of future conditions. In sum, there
is absolutely no shortage of forecasts or forecasters,

However, despite the profusicn of predicticne, demand coztinves
to increase, Apparently this is because the true demand is rot oxly for
more forecasts and more forecasters, but for more effective forecasts.
Here there remzins a definite shortage, and an area for continuing

improvement,
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"I, THS NATURE OF FORECASTING

In attempting to assist in the improvement of forecasting, we are
forced to ask ourselves a number of questions. Among these are: What
is forecasting? What does the forecaster try to do, and what doey he
actually do? What are the dittinguishiﬁg characteristics of various ap-
proaches to forecasting, and what elements or functions do they hold in
commoen? Wkat conctitutes an effective forecast, and how does one rec-
cgnize peotentially ineffective forecasting?

Our approach to these questicns will be through the analysis of defi-
nitions, followed by a synthesis of their implied meanings, From this

approach we would hope to obtain a deeper insight as to the nature of the

subject at hand, ‘Although'a. glossary of definiticns more properly belongs .

in an appendix, it is placed in the front of this report because an agree-
ment as to meaning is a prerequisite for following discussions. As
subsequent sections expand on these cieﬁnitions. the reader may wish to
refer back to this section, .
1. Anxnalysis of Definitions .
Unless ctherwise specified, all definiticns will be drawn from

Wekazerfs Mew World Dicticoary of the American Laneunse, 1965 Collese

EZitton, to include the shades of mezning found under various syncayms
and entenyms, This tactic was chosen in an effort to reduce the numer-
ous semantic diﬁ'icultieé encountered in this field due to specialized and
personalized uéage. and to establish a common ground for discussion in
a readily available reference, |

a. Foretell, according to Webster, is the most general term
for any telling or indicating beforehand, and does not in itself suggest
the means employed. This would make it appear that foretell defines a
universe of discourse including any conceivable means of obtaining fore-

‘knowle&ge, which is the context we wish to investigate. However, closer
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inspection shows that "telling or indicating' refers czly to the set of
techniques whereby foreknowledge may be displayed or transmitted, and
tacitly excludes consideration of the underlying process or processes by
which it is obtained. Thus, the term is inadequate for our purposes, and
will be confinea to usage as a synonym for display technig;zes.

b. Foreknowledze refers to knowledge of something before it
happens or exists. Knowledge applies to any body of facts gathered by
study, observation, etc., and to the ideas inferred from these facts.

Unlike its synonym, informaticn, knowledge also connctes understanding
or validity, Thus, foreknowledge may be interpreted 2s meaning valid
information or understanding of what will happen or exist in the future,
made available before the event, The term would-appear to adeguately
dencte the product we wish to obtain,

C. Foresiglht is defined as a seeing or knowing beforehand, tke
power to foresee, any looking forward, or a thoughtful regard or provi-
sion for the future; prudent forethought. Thus, it refers to the output
of a process, an ability, an attitude or orientation, or to one character-
istic quality of wisdom. 'He shows great foresight' is a tribute men
pay to their most successful leaders; ''shortsighted" is often a contemp-
tuous opposite,

The use of visual analogy appears significart; range, sccpe and
clarity are analogous between sight and foresight, So is 'peint-cf-view"
or perspective, However, in reference to the process, this ‘ana.logy
breaks down, Sight is accomplished through biological receptors, but
insofar as we are now aware, we have no such receptors capable of ob-
taining information from future time, For this reason if for no other, a
primary characteristic of future time is that 21l phenomena are nea-

observable, becoming so only as they enter the present, Direct obzerva-

tion of future ccnditions 18 impossible,
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Thzs, foresizkt would appear most useful if restricted to meon that .
etiitzde or ericuiztica in regard to time which is characteristic of
wicdom, )

d. Prcchecy refers specifically to the process of obiaining
fo:e%aowledgelthraagh divine or occnlt. revelé.tion. It implies the dis-
closure of scmething not previmiely known or rezliged,

Tzis cnlize 2rca kas beea prejul-cd as toboo for maory years, and

€9 coooved from any serious ecnsilerzticn, Eoweves, the elxiements
cf e2iziz, ecers, propheots acd czacles do £21] within the rezlm of fore- !
Imowlels2, a=d in many caces e77237 to keld some cozrzelztica to subse- '
Guent voolity, (Dzf 5) Rather than g rrinri "belief" or 'dicbelief! (beth

sy=z2cma of prejuizmenz), ecicntific cbjectivity would indicste reserva-

tica of juizment and thorouh investisation, If there is more in this . ‘
arca thoa rumor snd myth, end such 2 capability does exist, it could
prove £2ost whell, . .

Tie mnlor pretiem with proghecy is that the process is caly mamed,
ez not erplzined, evea by professed practiticners, Therefore, it ir pot

rcplicatle, cannst ba evalupted ayat:m&tic@uy or tzuzti to cthers, gives

po bosis emooyl L2000 in the gource for placloy ceclidencayin 23 product,

-

end go cornsl bo ooplicd 28 8 gomeral metod, Beocent eflcris In paychic

rezcarch and prrizoyeelogy wmay kold promise of reducing this probe

oo

lers, (£ 6) poosilly by delinfng end erplaining c.“..raacazo«y capatilities

whowhich direet chrervation of future ccaa;;tic::a 1

ey be stialnsd, Ilzwever, pending such a broalkthrough i paychic
rescarch, h:coe sourced of forcknowledge must either be taken oa faith,

or-keld in recerved ju..;;mc.,z wkile we lock for more rcplicable metheds,

e, Pordiction is the statement, or act of etzting wlat will be; .
to rmzhie kmowa boforchond, to foretell; it svzoosts deduction from facts

elrezly Loowa or e vze of ecicniific ealewinticn, .

10




In this defiriticn we find the implications of reliability, accuracy
and bizh ccenfidence so often associated with this term, In the gsense of
high quzlity forecasting, i;rediction stands in contrast with terms szch
as gneculsticn, conjecture and guesswork, all of which carry the ceancta-
tion of risk or risky ventures, high probability of error, and thus. low
confidence in the product, The quality we wish to maximize for improve-
mezt of forecasting conforms to this sense of the term predicticm, arnd

the guzlity we wish to minimize is prchability of error or rick, In this

coatext, the two may be seen as inversely related,

Because predictica refers specifically to future time, it may also
be contrasted with retrodiction; to infer a past etate of affairs from
present cbzervaticnal data, Thus, the centrast between predictica and
retrodiction refers to diracticn over time, (Ref 7)

By stating that predicticn suggzests deduction, this definition may slso
provide ancther hint as to the rature oi forecasting, Doduction is 2 spe-
cific mental or logical process defined as; reascaing from a known prin-
ciple to 2a unknown, from the general to the specific, or from a premise
to & logical comclusion,

From this acalysis, we find the word pre oa may refer to a pro-
cese, the preduct of that process, a high guality preduct, or to cae
directicn in regard to time, Rather than e,;ec.fy which sense of the term
is being usced each time it appears, we will snbshtate Cadrotion for the
process, forchnowlsdre for the product, ¢ e"a lity for the guality cf
product, and reéerve prediction to its sense of reasoning forward over
time,

f. Cmiecture"h guesswork; inferring, theorizing or predict-
ing from ircomplete or uacertzin evidence, Guzsswork is the formation

of a Juizment or ectimate without actual knowledge, \
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Beth of theee terms carry the coznctaticn of high rick or low quslity,
Since we find prediction used to define conjecture, it must be used in the
directicnal sense because the implications of quality are opposed, The
suggestion is tha't conjecture also emp{oys the process of deduction, but
from acsiz;npﬁo:;s or cpinions which have not been well established by
evidznce, Guesswork would ltnges: a lower degree of quallly wherein
dzducticn is bzeod on unfcuzndsd opinicn erd complete lack of evidanee,

g Proscriziien orizinclly meant eomething writtea out belore-
hand; hezce, a mle,._directica. order, policy, etc.

The term differs from prediction in that it does not pertzaia to whsat
will be, or will be done, but to what ought to be, or should be done,
Prescription is the projection of values or velue judgments, where pre-
dicticn is the projection of facts or factual judgments. Ecth are basged
on preseat knowledge, but on differexnt types or realms of kaowledge,
The processes cppear to be identical, and both are found in forecasting,
planzing and docisica me *:inz. '

h. Prolection has thrce meanings: It may refer to enything
huried forward, to the propesal of a plan, or to the act of sexdizg forth
cne's thouht or imuge,

. The first of these meanings is rather too general for cur purposes,
and the sccond refoss to 8 subsequent procezs =-planning -« that tahiza a
forecagt or farceasnts 88 ingut, The third mezanlzg, however, ec ms
singularly eppropricte. For all cur effcrts, we do not actwny p‘.%ce
anything into the future by forecasting, The curve we draw acrcss a
chart may depict "paet, ' “present, ' and '"{utuze;" and we may read it
in elther directicn, but it still represents no more than the knowledge or
apinion cf its producer a2t the time of production, The ment.l imagss we

proiect over time exzist cnly in the present, and are thcmaelvca sutjsct

to Cz&uﬁza .
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Because we may send forth our thought or image toward past, pzoc-
ent or future, the term projection would appear to efine a clacs of
mental activities of which prediction and retrodictica are gpeciflic cocos
referring to future and past time, respectively. A third case, refcrring
to present ﬁmé, may be seen as explanzticn; i.e., to make clear, pizia
or understandable something that is not known or understood,

These three terms «- retrodiction, explanaticn and predicticn == oy

be seen as the projecticn of cae's thouzht or image through the procezs

of reascning deductively from present knowledge or opinion to illumincis
the past, present or future unknown,

i. Prommostication is the process of obtaining views cf the

future through study of signs and symptoms, Eistoricsl eral=~yisa

common synonyin; precursor anzlysis is a more technical equivclcat,

and prosmosis referc to its application by the medical profession. All ef

these represent forecastirs by anzlozy,

The basic assumption of forecasting by analogy is that of gonct'*i~m;
i.e,, that like causes will produce like effects, or that patierns of clange
observed in the past will repeat again under the eame conditicns in the
future,

The process operates by: (1) extensive observations exnd recerding
of observations, (2) study of these observaticns to idontify paticrns of
change, (3) study of current observations for those signs, symptoms or
precursors which represent early stages of recognized patzérna. aczd
(4) projection of future conditions implied by later etages of the agpro-
priste patitern,

Strengths of this process are that assumptions of cause and efiect,
sequence, conditions end parameters, and the comparabi!ity between
lymptom: may be made explicit, recordsd, and subjectad to review 2v4

criticism. Thus it is a replicable process which may bo tav;ht, learnsd,

13
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ezd pefined. Miuch of the predictive power in the natural scicaces ks
been developed through the progressive refinement of analogies, clien
expresced in the form of mathematical equations.

Jo  E:tronclaticn also refers to a specific process: to estimate

or izzfer a value, quantity, etc., beyond the knowa rangs on the basis of .

certzin variables witkhin the known razge, from which the estimated
volza iz osaumed to follow,

Tag moct goveral eyncaym for extrapelzticn is tyood fomonm ot -y

wihick ineludics the projecticn of: (1) mo change, (2) linear momentum,
(3} curvilizzar zeceleraticn, azd (4) kizher order functions such as

cycize gnd kormoalcs. Parometric emtrzonclzticon projects upper and

lower limits, and prebatilistic ermoomal~tion projects the likely diciribu-

ticzs v.-'i':.’:in such limits. Whea mozre thzn two dimensicas are conecidered

(with ons dimensica repregenting time), extrapolation will produce

‘varicus ccuee, envelope curves or tepegraziical projecticns,

Tre basic ecsumpticn of all extropolations is that of contineanng;
f.e,, that the chezerved paitera of change will continue ixto the fulurze.
Livs forconcting by anslezy, the process reguires: (1) obeservziicaca

s

srvaticns, (2) idzatification of patterns (tzezds)

e {3} & point of Copaziure in presezt or gcme

eriitrary ofcronce time (T ). end (4) prcliocticn of future conditicn

o -~
~ce ef the $lus 2 lied t2cn .

fmnlicd by coo

The moin s oof extrenolation do glso replica bility. Tie proce
ess may be taugkt, learned, eubjected to review, and so progressively

refized, It may also be sccompliched rather quickly and easily; its

scphictication is limited oaly by computer design, end its scope by duta

end ccmauler memery eveilability, Craphic élsplay techn&q.ﬁeo arza
extural ouizet, exd these are exsy for most people to follow and

ccmnprehzad,

14

A S0 ey . i+

e e - rgma




B N et I hd

e R At
e S Ya R

b g e

k. Forescactis defined as coming close to pre®ics; {2 imzilcs

the estimation of procboble course or future ccnditica, Al four elozizzis

of this definition -« estimate, prota®le. course, gnd com?itirqeapnzoar

o

to be significant. So does the observation that forecast and predict ez
in some way closely related but not idexntical,

(1) Forecast and Predict apparently differ caly by dzzroe
of confidence in the product. Eoth form a mental image of {he futuse

s'::?

deduction from present knowledge, but a prediciion is based cn facis ez

e

positive knowledge which is considered to be rearly certain, while 2 {ze-
cast is based on knowledge which is caly more or less exact, Thus, the
processee are identical, but the quality of product varies in direct pro-
portion to the quality of the inputs, which are present knowledge, cpinion,
or guesswork,

(2) Estimate is to form an opinion about something; to
gauge, judge or determine roughly, an approximate-calculation. An
opinion is a belief -~ the mental acceptance of an idea or conclusicn«-but
one which is not based on abzolute certainty or positive knowledze,
Approximate is to come close but not attain; in this sense it ;neans more
or less exact,

(3) Probable z=d Prohahility, with a group of their associ-

ated terms, now kave two distinct meanings depending on the contoxt in
which they are used, Tke two coztexts in question are rozth»v=*ics and
decisicn mnating, The former employs the s?¢irticr] and the. latier the
subjective sense of these terms, Although both use the same words, they

are not talking about the same things.

This ambiguity of meaning underlies much of the present dobate
between the so-called '"quantitative" and "qualitative' schocls or ap-
proaches, end many of the communication difficulties betwesn etstisticnl

snalysts or forecasters 2nd the declsion makers wha typlcally employ tham,
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t elso reguires cne to decide in which sense he should azprcach the

Q" -

prolability tist 8 given forecast will prove to be reliabie,
(a) Matural or €:ntistical Prohability is the mathematie
cal thecry of those uncertain events which fall within tho raznge cf kaowa

possibilities, The range of known possibilities is from the certzin to ths

impossible czse, In this context, all three terms --cartnin, ponnitla,

end 5-?-"_’“?”" "2 e« refer to brovm or given conditions. Unnzwis!-tyerilics

e [ELREEY PP N

cific events witlia these knovwa parannsicrs.

refers to these specific evexnts, is {nclulzd in

the possible rozge, ezd bounded by the certzin and impossgible evecia oz

cases,
(b) Judmment2) or Subisctive Probability is the dagree

to which a perscn can reascnzbly believe in any given statement or con-
clugicn based ca incomplete or uncertain evidence. In this ccatext, the
prebability that a given statement is eftb2r true or falee is seen &3

ranging fzom possibility to cerfnu:y. tlere, poanitle mezns cocnceivadble

but neither proved nor disproved; thus, it implies indeterminate verity

L}

or lack of poeitive knowledze, end i distinsuizhed from prebatle.

Brel-"ts meang gomething thnt can reascznchly be expectsd or bolisved

e bisis of available evidence, though siill uct absolutely proved or e

cerinim, £n7tiin nmd fmmmosalble both o Yoo (a8 true or folse), in

the eenzo cf kavirg been proved eo by suflicient evidence, E:_:::::::z
kas the connotnlion of fovbey f,e., 8 lack of ecuviction or belle! Cus to
abgence of sulfiicicnt evidence, It may range in implicaticn fzom & mare
lack of eh:eclute surencas to such vagueness as to preclude enything more
thar gussswerk,

In forecazting, the ecale of imp'ied confidence or rellstbility -« which
razzes frem gussswork and speculation, through estimation, to eclentifl

preliction -« follows the subjective rother than the etstistical dolinition

16




cf probability, Thus, prescnt einiiziiczl thecryia

problem, azd will tecome €0 czly wiza azd 29 euljs
oped to a point where limits and porameiers gze adeguately ol 3¢l
establiched by the evidence,

(4) Course refers basically to éynamics., Itis givecawilis

large number of connotations, but all of these imply the diresiicn (=

or the patiera (analcgy) of scme particular meotica, AU czmespis of cone

tinuance, repcliticn, momeztum or scccleraticn may be culbsume
this more general term,

(5) Ccnditicn refers to the set of circumstances surrsunl-

LR

ing or characierizing a perscon or thing ot @ givea time, Surrcon®iv-s

- e

imply envircomand; eharactioristicg fmply intcremal properties, atizibulos
SRR RN

or states, Perscn c+d thir~e, when takea together, may refer to ey con-

ceivable entity, living or mca-living, at any order cf sbstractica. Tlus,
while the scope of subjects to which this word may be applied is egual to
that of human imaginztion, it will in all cases pertain to the fixing of

some moticn at a particular instant in past, present, or fulure time., As

course subsumes all concepts of dynamics, so cenditicn facludes &ll cone

cepts of statics.

&, Syrithasis ¢f Dolinition

Cbservations resuvliiing from an analysis of defiziticne mny be
compiled according to their comunonalities and differcnces, Suck a coine

pilation cen provide incizlis as to the elements of the system.

a. Dienlay Techricues are employed to make the products of

forecasting understzndable to others. These techniques include all con-
ceivabie means of telling, indicating or deopicting.

b, Reliahle or Accurnte Foreeartine {p considered a utility,

a characteristic qunlity of wizdom, end is thus to be maximized, Errzrs

in forecacting are & diguiility, end are to be minlmized,
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€. Fcorzelmowlzdre is the product of forecasting, but it exista

czly in the present and is itself subject to ckange.

d. A Saectrum of O-o~lity is found in forecasting and in its

preduct. This spectrum ranges from gheer guesswork to sciextific pre-
dicticn, It corresponds to expectable confidence in the product, ;vhich is
the ezame as reliability, It also corresponds to the definition of subjective
prciability and to the degree of evidence in suzport of en czinicn,

e. Elrd F~ith or Coxilii2, which is the holding of cpinicas in

tho ehcence of evidonce or in spite of the evidence, is a factor in foze-
cesting, Certitude may ezply to believing that scmething ie either
abzuivicly ceztzin or ab'oh..ely implosgible,

f. Fuvreure Time CZm:%.rsacterz tically Presents No Cuae*vrxbﬁe

Evi’>~~e, We kave neither natural nor technological eensors capable of

direct cheervation of future cocnditions,

g Al Ponlicnbls Processes Invelve tha Corilaticrs of E2cuena

tizl C-~opentiomg, This excludes ouly preghecy and iztuitinn, and there

is somme guasticn if they may not also involve a subconscious accumulaticn
S y

of informaticn,
B, Al Proccornn I-cluds Poet-?-¢ies, which is the formation

of ga opinicn, hypcilicsis or law cencerning paticras of chexnge., Reli-
abilily follows «-at least in part -« the degree tod which these cpiniens are
suzparted by choerved evidence, Adlitionzl chacrvatiens may essist ia

suszorting or denying these epinlene,

f. Al Prarczaoges Ir-1:"e Proloction, which ig deducticn over

time. Thie is accompliched by rezsoning from the pregently known or
believed, where premises contain s time function, rate, or assumed
pettern of change, to the neceesary conseguernts of these piemieel. which
refer to another point in time, Prodiction {8 the projection of factual

Judzments forvvard over time; proserintion is the projection of value

18
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Jjudgments forward over time, I:lazation and evnls

edge of facts and vzlues to the presexnt unhnown, Eotredickon and
AT L A M
reevaluxtion project knowledge of facts and values into the pzzi.

j. The Two Basic Assumptions in rezard to change over timis

are that patterns of change will continue (trend extrapolaticz) or rc—:-3
{prognostication by analogy). These are fundamental to the replicatlc

" processes, and very likely to intuiticn as well,

k. Forecastinz }ay be Arnnlied to Any Outoiny Sxbnct,

Because it includes all conceptions of static conditicas azd é raamic
changes, knowledge of facts and knowledge of veluss, forecasting is lime
ited only by complete lack of information, which is ebsolute ignorance cf
the subject under consideration., The scope of poasible rpplicaticns thus
includes all of human knowledge, opinion or imagination except that erz-
cifically confined to past conditions,

3. Discussion of Imnlicstions (Figure 1)

By analysis and synthesis of definitions, we bave idexntified
some properties, dimensions and components of forecasting, We will
now attempt to integrate these pieces into a more cmnpre’aenq;;ive picture
of the overall systermn and its implications,

a., Functicnnl Cemnonents of forecasting appear to be a sct of

mental activities, implicit or explicit, egplicable to any cenceivablz ca-
going subject area, by which men obtain presgent opinicns as to future
conditions. These activities include: (a) making observations seguza-
tially over time, (b) recording or remembering these cbservaticns,

{c) drawing assumptions as to the patterns of change suggestcd by the
observations, (d) assuming these patterns of change will either continue
or repeat, (e) deducing from these aesumpticns what the future will or
should hold, and (f) recording, remembering, displaying or tranamitting

thege concluaions,
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uct of the availzbility and quality cf knowledlza, Where keowledge zz ©ol
available, regardless of subject, ignorance preveils and forecasiizz is
impossible. When the passa.gé of time brirgs unimown and thus tnexpesied
situations into reality, the result is surprise ~-the symptom of belated
recognition, Where the quality of knowledge is low due to guzeswork or
assumpticns inadequately supported by observed evidence, forecasiiz] is
to the same degree ineffective and gurprice i3 to the same dzgree more
likely, Surprise ard reliable forecasting aze inversely pzepozticnal,

At various times in the past, many subjécts have been considered
inpherently urpredictable. These have ranged from the mctions cf planats
and the functions of living systems to the dynamics of human afzirs, In
each case to date, the deficiency kas been found in a lack of valid knowl-
edge, rather than in the subject itself. On the other hand, the assumptica
of unpredictability -« the "imposaible" aspect of certitude -~ has itself |
been a major barrier to the develepment of predictive power. When cne
assumes something cannot be decne, 2nd then neglects to questicen kis cwn
assumpticns, he is less likely to try and so less likely to luc'ceed.

Converegely, the assumgticn that the future is zlready known or pre-
determined -~ the "certain' aspect of certitude -- makes the idea of
forecasting seem unnecessary. Those who think they alrcady knew do
not ask, and so are less likely to discover their errors. As ignorance
makes forecasting impossible, so certitude in any of its le;;ecto makes
the improvement of forecasting impossitle.

¢. Relevance of a Forecast pertains to the relationship between

those subjects selected for projection and the subject area in which fore-

kno;wledge is desired. Very little of modern forecasting is conducted as
a purely scientific or academic exercise. Most forecasts are {nitiated

for the specific purpose of furnishing decisica information to a particelar
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set of plazners. If the knowledge employed in the forecast is not relevant .
or cnly partially relevant to the nature of these plarners' subject area,

the forecast will be less effective for exclusion of significant eleinents. .
The excluded elements will continue to exert an influence for change over i
time, and since these changes will not be accounted for in the forecast,
it will become progressively less accurate and the potential for surprise
will become progressively greater. As use of irrelevant subjects makes
a forecast pozsitle but incffective in accompliching its intended purpose,
80 use of partially relevant subjects makes the forecast progressively . :
ineffective over increased time ranges. Since more factors may be
expected to contribute an influence for ckange over incressed ranges,
the scope of subjects relevant to a given forecast will also increase in
direct proportion to the desired range.

et

Portions of a forecast may be excluded for two reasons: first, we
may not realize they exiot or that they will exert an influence for change
in the subject under consideration, This is fignorance, Seccnd, we may
simply assume particular factors will not be relevant to our subject area,
or that they will remain conetant over the forecast period, This is again

e A .

a form of certitude,
d. Parriers and Potertinls, Thus, we find ignorance and

s s

certituds as the fundamexial barriers to effective forecastine planning :
anrd decision making. In the areca of reliability they lead to immediate

surprise, &nd in the area of relevance, to progressive lurp'rioe. We ‘ 3

also find the systematic selection, acquisition, organization, validation

and application of knowledge to be the avenue for improvement, Sioce 1
these barriers ard potentiale for improvement are commea to all sudb-

jects, we find no functional difference between the forecasting of social, ) .
economic, political, military, techneclogicai or natural phenomena, The

process, the problems and the potentials for improving cur ebility to .

SR
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forecast are all essectially philoscphical, rothier tian being the exclucive

-

property of any given subject area.

4, The Characteristics of an Effective Forecast

Whether one forecasts by analogies, trends, or both, the knowl-

edge employed for this purpose must have two 2ssential qualities:
reliability and relevance. Reliability refers to the power of predicticm

or level of expectable confidence, and relevance means a direct relaticn
to the needs of those planners and decisicn mzakers who intezd to use the
forecast as decision information. These are the characteristics cf a
good forecast.

| If the knawiedge is not reliable, but mervely unfounded speculztion or
intuition, the forecast will present a distorted view of the future and plans
based on that forecast will lead to surprise. Tbhis is true regardless of
the display technique employed or the degree of sophistication,

If the knowledge is not relevart or only partially relevant to the
nature of planning problems, the forecast will be less effective for the
exclusion of significant elements. These excluded elements will exert
their influence over time, making the forecast progressively inaccurate
and the potential for surprise progrcasively greater, Wkile it is impos-
sible to include all factors relevant to the forecasting of large and complex
systems, effectivencss may be increased by including those which account
for the major changes.

Thus, the two characteristics of relisbility and relevance are both

necessary, but neither is sufficient for effective forecasting, planning
and decision making, Each of these characteristics will be taken as a
separate problem area, and the factore underlying each will be considered

in greater detail,

23

e

i A et B s e

AAYTRT

"
e

wriper i YA RO IR LA N ONIAE L RS
: .
B . , -
e SRR AN A NG U S LIS 1 e dai R St 7 B

T RS S L Sata
.

LSk STy




vy G

T2 N1 S8

- s e

II. 7TI=E PIACCLEXM OF RELIABLE FORECASTING

A reliable forecast is cne which accurately portrays a specified
portion of future reality. In order to approach our objective of ascertzin-
ing how such forecasts may be identified or produced, it will first be nec-
esgary to investigate the process of forecasting in gréater detai.l.- Since
any forecast -- reliable or not -- is produced by human reasoning, this
inguiry must censider the forms, functions and limitations of logic. As a
frame of reference for studying loglic, it must also dezl with the maoner
ia which knowledge is organized, Tkis is the etudy of epistemology. Thus
we will begin with the structure, work to functions of reasoring, arnd from
these atiempt to identify underlying streagths and limitations pertinent to
the problem of reliable forecasting. .

1. The Lozic Cone: An Exnloratory Model

While there have been many conceptual models advocated for the
purpose of illustrating how knowledge is orgarized, the following has been
found piost useful in the evalustion of forecasts and forecasting methods.
It is also a hypcthetical comstruct, a model, degigned to incorporate some
of the more common properties of organized knowledge, as these are
observed in forecasting. It is designated as exploratory because further
refizement is necessary before it might be considared as explanztory.

The bzsic premise of this model is that knowledge {s organized in

the form of a cone, (Figure 2)
GEREZRAL
PRINCIPLE

IPLIED
€—SpECIFICS

Figure 2, Premise

—>
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Any body of knowledge is arranged hatwern @ few gonoral prinsiylag

-

and a larger number of specific concepis, Viikin such a body, ex2h

generality will include or imply an increzzing number of gpecifics 23 cxez

moves toward the overall universe of diecourse, which will inclols ttom
all, At this point, the structure may be depicted as a triangle, wilk the
most general principle or universe of discourse at the apex, azd ti:e

most specific elements arrayed across the base, Intermedizte levels

will be composed of statements or concepts which include part but not

)

E ANDF ARZ SITS WITKIN SAUPLE SPACTS,
ENF ARE THOIT ELT. 77173 CF 6 LHICH
ATE 1N €OTH "ETAND TFLETIIIIINCS

all of these elements,

Figure 3, Venn Diagram

An illustration of this premise may be drawn from the Theory of S2ts
by taking Venn diagrams as representing one level of sbetraction while
(Figure 3)

The elements within a given sample space are the lowast or least general;

at the same time implying several more general levels,

for operztional purposes, they are defined as indivisible entitics, The
total set of all these elements (Omega) is the hichest or most general,

defining the entire sample space or universe of discourse, Subseis, gois
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lsveis i crder of increasing generality.

E I3 Vil CEV CF i) ELTIITH
F I3 THZ SOV CP aF) ELELLINTS .

Figure 4, Venn Diagram, Extended

Esggentially, what we have done in Figure 4 is to extend the Vean
disgrem of Figure 3 izto three dimmernsicns, 8o as to depict the increasing
gezerality, Each horizcztal secticn now represents a plane of numeri-
czlly ecuntatle extities at cne level of sbotrzction, If, for instance, the
eniverse of discourse is the et of gll huwman beings, ite elements will be
individual humon beings, Intermediate subsets, eets and unioas will be
families, cligues, interest groups, factions, parties, nations, blocs,
etc,, ranked aleag the vertical dimenzion of abstracticn adcording to the
relative number of these clements each includes, Exclueive or disjoint
sets will be those to which no elements cnn simultaneously belong. In the
human example, such exclusive sets would be those groups havingas a
membership requirement noamembe rebip in ancther specified group.

Cze man cannot simulizneously be a Christian and a Moslem,
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comparable level of abstraction.

g et Y

If one wishes to compare eatitics at disscimiiar levcls of gboiznsililz,

he will have to reduce both to their lowest common denominztor or

UNNTRITIZIOOEN

-
"
3

-~y

UIORIZUTY

» [NCREASING GENERALITY(r)

INCRELSHG CUARTITY

Figure 5. Nested Triangles

In Figure 3, both dimensions used to define the orig
space were nurmerically countable quantities, In Figure

of abstraction has been added, Since the multiple of two

27
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4, the di:nenszion

countable quane

tities is also a countable quantity, one of the two original dimensions is
redundant, Thus, Figure 5 shows only the two dimensicns of numerical

quantity (horizontal) and abstraction or generality (vertical), Ths rezsen
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thcse two dimezsicns h..ve beea drawn of equal length for any givea let

s bzzed ca the formula for combinzticona:

)=

r! (n-r) :

Here, n is the total number of elements included in the universe of
discourse (guantity), and r is the number of elements included in each
ect (gomereliity). As ehowa in Figure 5, r correspozds to the vertical
dimezscion because increaging the number of elemexts included per set
will gimullaceously increase its generality, . .

At the level where r = n, we find the tctal set of all elements, or
Cmega. At the level where r =1, we find the cperationally defined
irdivisible (unitary) elements. It should be ncted that the null set (p)
fails within this portrayal as a level of abstraction below r =1, where
r=0, Thus, the interval r=0 to r =1 includes all possible divisions
cf tha initial elements, as the interval r =] to r =n includes all

poceible ccmbinztions of the same elements,

According to the formula for combirations, levels of abstractioﬁ
botweea r=1 and r =n may include more identifiable seta than there
arc elcmente, This is because each element is used many times in vari-
ous combtinaticns, But because the number of elemcnts taken in any one
set cannot e'xceed the total number of elements gvailable (n), the two
dimensicns r=1 to rzn (generality) and r=1 to n iquantity) are
shown of equal length.

In pointing out that entities (sets) at dissimilar levels of abstraction
may only be compared by reducing them to their lowest common denomi-
rator, it may now be seen that '"lowest common denominator' refers to
the lowest common level of abstraction or the point &t which r =1 for

all sets to be compared,
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At this point, the discussion might be described in tezims ¢f 2 c21lzs
of nested triangles, because we have considered caly idexticzl elzmmztls.
Where two or more kinds of elements are included in one universe of
discourse, the relationship between these differing kinds of elements may
be described by multiple axes in the vertical plane, Totally indcpendzat
elements included in one universe of discourse may be indicated by
orthogonal axes as shown in Figure 6.
SET
(AB)
n(A) n(6)
nlA) AND n(B) ARE MUTUALLY INDIRCNSIN .
DISUQINT SETS PLOTTED ALO0NG CATHE DAL
AXEZS, BUT INCLUCZD IN THE K213 CILInAL
- SETLAB).
Figure 6. Cone
While all axes in the vertical plane represent numerically countable
quantities as they did in the original Venn diagram, such axes are now
. independent kinds of elements, rather than redundant enumeration of the
same kind, This third dimension, which returns the depiction to conical
y rather than triangular, completes the major epistemclogical premise of
29
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tiis study; thet human knowledge is organized coaically within the dimen-
sicns of (1) ebatracticn (vertical), (2) exumeraticn (horizontal) and (3)
cozrrelation {vectoral), where the vectors have numerical length and an
orientation measured by angles in the horizontal dimensicn produced by
vertical sections, Correlation between types of elements may vary from
idaztity (41 or 0°). throuzh independence (0 or 900), to cnnozitien
(-1 or 1809,

Refersnces, implications and applicztions of ccnical epistemology

will be fouzd throughout the following sections of this study, Further

suzport for the premise may be found in the works of Beller, Braybrooke,
Helmer, Hemple, Jestice, Kaplan, Magee, Northrop, Polya, Rudner,

de Chardin, Tricker, and others in the bibliograghy, Specific references
are not given here because the premise is based on a synthesis of impli-
cations rather than direct quotaticn from any of the authors, Additional
illustration of ccaical epistemology can be seen in any decision tree dia-
gram, which will represent one vertical section through the cone. Each
level of such a decision or relevance tree will contain a larger number of
less general concepts as the tree expands. A more sophisticated version
is Honeywell's computer program, PATTERN, which is structured as
just such a coaiczal series of stacked vectoral planes as herein described,

{Ref 8)
a. Ccntinug of Abetrarting and Fin-maration are implied by the

premise of conical organication, This is because the two dimensions are
common to all bodies of organized knowledge, Thus, abstraction in any
body of knowledge is a dimension parallel to abstraction in all bodies of
knowledge, and enumeration in one body of knowledge is measured along
the dimension of number found in all bodies of knowledge,

In regard to the continuum of abstraction common to all bodies of

knowledge, we find that the level which one assumes as unity (r = 1),
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S and to which he then applies enumeraticn, is itself arbitfary. The loval |
of abstraction employed determines the definition of indivisitle entitizs,

3 . but is c¢ntirely dependent on the interest of the operator ard the preblzm

. at hand, As Allport states it:

Any 'entity’ or 'thing, ' at whatever level we find it, always
seems to break down into a collectivity at a lower level. Our
concepts of 'agent' and 'entity,' yes, even of ‘thirg’' and
‘particle' are tentztive in character. They are singularities
(entities) only at a given order. {Ref 9)

The arbitrary definiticn of indivisible ertities has considerable im-

pact on forecasting. What we assume as entity or actor will set limits

to our reasoning and thus to our forecasting. Overly abstract definitica

will hide the composition and interrelationships Eh_ia entities, as fore-
casting entirely on the basis of 'naticn-state actors' leaves no room to
consider factions, processes and conflicts internal to those actors.
Overly specific definition follows the implications of conical orgarization
by leading to ever-increasing volumes of detail, as seen in world-widse

projections which attempt to include the impact of all factions and interest

groups internal to the nation-state actors. Thus, selection of an opti-

mum level of abstraction is an important step in the initial preparation
of any forecast, and depends on the purpose for which it is designed,

b. Departmentalization. A second implication is that any ect

of principles may annear to define a separate and distinct body of knowl-

edge, depending on the level of abstraction being utilized. (Ref 10) Such

division of knowledge into tight and exclusive compartments also limits

our reasoning. It leads to duplication of effort, under differing titles,

and sets the stage for many problems including those of realm, semarntics
and relevance, The history of science holds many examples of such

departmental barriers, and the requirements for overcoming them. In

conical terms, departmental lines are amenable to study of elements
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held in commen by two or more frames of reference, and to definition of
a more general set based on thoze elements, Current efforts toward
integration of the social sciences on the basis of commonality are indica-
tive of an early stage in this process. The discipline of Physics is an
example of the product: by their greater generality, Newton's la;u )
showed the formerly exclusive concepts of astronomy and mechanics to
be subsects of one universe of discourse, Maxwell and Planck resolved
the departmentalization of wave and particle theories by definition of the
more general concepts of field theory ard quantum mechanics,

c. Specialization/Generalizaticn, The overall implication of

conical orgznization is the farther orne moves into abstraction, the fewer
pumber of divisions he will have to consider, but the more complex each
of these divicions will become,. This is the context of the generalist or
"breadth man." He knows a little about a large number of things. In
the opposite direction we find the specialist or ''depth man, " who limits
his universe of discourse to a very small subset in order to understand
a few things more accurately.

A good bit of the fricticn and loss of efficiency in forecasting, aca-
demia and society in general stems from scorn of cthers! efforts on the
basis of their being more generzlized or epecizlized than our own. When
one considers both 'breadth" and 'depth'! studie: in the eame context,
he finds them to be mutually interdependent. The generalist obtains his
information by studying the reports of a large number of specizlists,

If he neglects to do so, and tries to learn everything for himself, he
winds up speculating from an inadequate base, On the other hanci. the
specialist may come up with major ineights in his own area, but these
are not very useful until synthesized into more general theory and applied

more widely than his own arca of expertise,
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2. Generation of Knowledre: Induction (Figure 7)

‘If, as we have maintained, knowledge is organized cemiczily, it
is a legitimate question to ask where it comes from and bhow it gzt tat
way. Philosophers have also been arguing about this for a long time,
but the argument becomes pertinent when one attempts to foreczst the
development of science and technology, which are both esgentially learn-
ing processes, Science is systematized knowledge derived froaw chczova
tion, study, and experimentation carried cn in order to determize tha
nature or principles of what is being studied, Technology is arplicd
science, practical knowledge, or the study of industrial arts. Ecth
generate new knowledge, but of slightly different sorts,

Induction is usually defined as: reasconing from particular facts or

observations t6 general conclusions, This describes its vertical move-

ment in conical terms, but only one of its characteristics. Intuition kas
been referred to as '"'subconscious induction, " and some formse of medi-
tation, contemplation and irntrospection have been given as syncnyms.
Perhaps the simplest form of induction is that performed by a young
child as he first begins to learn,

8. Obhservation is the first stage of induction. It has secveral
components; stimuli or signals, sensitive receptors, and atteantion, It
is a selective process wherein stimuli are admitted or excluded accord-
ing to the characteristics of available sensors. Here, the term sensors
refers to a class or organs or instrurmnents, of which the human senses
are specific cases,

Structural limlutionlA of the human senses have provided moti\mtion
for expanding the class of sensors, For instance, we do not receive
certain frequency ranges because they lie outside the band-passes of ocur
senses, We have overcome this limitation to some degree by evolving

.i“
various external sensor/transducers -- like the radio --to convert these
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« e:tmenso'ry signals into those such as visuzl aod 2vdial, for which we

do have sensitive band-passes. ’

. Other instruments such as the microscope, telescope, and teleplone
have been developed to extend cur sensory capabilities in range, _clarity
and discrimination. All of these sezrve to increase our powers of obser~
vation and thus make more data available for the inductive process, We
do not, however, have either senses or instruments able to extend our
observaticns to future time,

. b. Memory is the accumulator of observations. The memcry
function also has many parallels, from the information stored mizute by
minute in the individual mind to the written records of cultural memory
and the magnetic storage drums of a computer. This accumulating func-
tion is necessary because signals are received sequentially in time, and
bave little meaning if taken individually, When stored or retained, these
signals accumulate and provide the izitial data base for induction.

€. Synthesis is the horizontal component of induction, Its

- action is to compare, correlate, combine, cluster, and so assemble the
stored signals intn sets, sets into classes, etc, As it progresses, syn-
thesis makes fewer but more complex sets or clusters f;-om a larger
number of less general elements, It may 2-ncar to make & larger num-
ber of sets than it has elements of data cnly if each element is used many
times in different cawnbinations,

Synthesis acts to simplify by abstraction: convergence ir the hori-

gontal plane is accompanied by movemernt toward the apex, Its use is
indicated whenever one has a large number of pieces, elements or events
whose relationship is unknown, It is a difficult process, since to corre-
late a body of entirely unstructured data, every elemer® must be compared
with every other element, perhaps several times, The brute labor re-

quired has been a detriment in all arcas of inguiry, Kepler worked at it
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for atout five years before he saw the pattern of an eliptical ortit in bis
placcizry motion dsta, (Ref 11) Synthesizing computer programs have
been & great need, and only a recent development, They hold great
promice and wider application is indicated, Multivariate factor enzlyais,

resresaion amﬂysis, and cluster anziysis are examples of such synthe-

Y -t oy na ma e e .

sising programs., ‘*Pattern recorniticn" is a general term which more
edegustely defines this class of techniques,

d. Pecstulaticn is the vertical component of induction; the
recczaition, ideztification, or labelling of a set of stimuli aesembled by

synizcsis, Syntheais does not of itself create new concepts, but merely

suzgests them, The new and more general concept is created in the
mizd; this is the so-called "inductive leap. " It aseigns an iderntity or
unity to the set or class as a whole, Thue, even "specific facts, ' data
elemente, and all concepts of unity or extity are initially creations of
the hunmisa mied, postulated from the suggestions of syzthesiged stimuli,
Although sequesntizlly equivalent to a ccnciuaion, the product of

B L A AR YA WL LS LA AL PRI ARPE B PN TGN RM N TR ALY T Y

LA

frduction is very scldom abeolitely certain, The sensors do not admit
all possible signals, &nd they tend to distort what they do admit, Memory
is loos than perfect, oo ecme of the eiznals are lost. Syctheswls cperctes
t by similarities e2d commenelities, which may or may not be precise.

. Ard poctlotion is the statement of cm2 of rore tentative hypctheses, by

& which the observed pattern mey be identificd. In the process of inductien,

the "conclusicns' are not nccecsary conseguents of the stimnuli or the

data employed,

) e, An Onersticnal Choice follows each postulation, As soop
' as a patiern of stimuli has been {dentified as 8 sct, the operator faces a
choice a8 to whether he will continue or cenclude, If he ol2cts to cone

clude, the fdentificd set will become a unitary element, arnd {ncluded in

his store of knowledze. Hae may then disceontinue cbservation, since he

kas identified the fact,
36
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If he elects to continue, he may do g0 in two ways; the initlal pooiu-
late may be held aside and further synthesis accomzpliched at the same
level. This is exhaustive synthesis, Its limits aire predefined by the
amount of stimuli he has stored at any one point in time, and by the rate
of intake and storage over time, This is why a child learns as he accumu-
lates stimuli, and why a more diverse environment will allow more
learning; both time and diversity make more stimuli available,

Once two or more such sets have been postulzated, he may elect to
move to a higher order synthesis, by correlating them with each clher,
The result will be another postulate of higher abstracticn, which iden-
tifies a unit composed of these two or more sets. This is seguential
synthesis, which describes the inductive mode, It is & recurrent '"bringing
in, " organizing and integrating of outlying stimuli, sets and classes.

The stages of observation, memory, synthesis at.d postulation are re-
peated again and again, with the earlier postulates becoming the later
elements, Except for the iritial eenzory stimuli, all of the more general
levels are created in the mind.’

{., Characteristics of Indncticn

(1) The primary recuiremant of induction is the assumation

or attitude of uncertainty, This is Lecause cbservation requires atiention,

and attention is likely to be removed from the alrecady known. Synthesis
also operates by asking questions; izt is the pattern; what {s its
meaning; what is its value?" ‘T{ow is sct x like set y?'" All quecticas
are a symptom of uncertainty; thus, it is in and by uncertainty that induc.
tion operates,

(2) Induction is seldom able to preduce valid certrintins,

Except for the rare case where every possible element has been obaerved
and correlated, inductive postulates are based on partial observations or
samples, but assumed to apply to the remainder of the set or clase as

Well.
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{3} Corernlizatien is the purosze of induction, but over-

goneralizoticn ie its poimary £21l~cy, The few cases where a geoneraliza-

ticn can be made with certainty are relatively useless, because they only
tell us about things we have already observed. They do not allow us to
reason from the observed to the as-yet unobserved or unknowan. On the
other hand, a postulate based on an extremely limited sample and then
exteaded to account for a much larger set of unobserved elements is over-
generzlized gnd very ept to be in error., Whether or not it is in error --
that is, the guality of knowledge == is not determined by the inductive mode,
(2) Certisvis is a f2llney which limits inducticn, Siztinga

conclugicn in absolute terms is a fallacy in inducticn, because it removes
the unceriainty by which the mode operates. Induction is inkerently an
endless process, but certitude halts it by making it seem unnecessary.
In this coxntext, certitude mizht be called the "Eureka fallacy;" 'l have
found it! (So I need lock no further.)"

(5) Imcran:el is 8 cendition which Hmits induction, Igno-

rance is here seen as a lack of data, stirmnuli, observations, etc, Since
these are the basic inputs to the process, cnce they are cut off or ex-
hausted, seguezntial syznthesis through introspection of data elready in
store koo e finite limit, Whena ell available daic are correlated and

organized, only further observation will ellow inductica to centinue,

(6) Iz’:ctirm ronuizes crrntive mneizmtion en tha port of

jts oorrotnsg, This characteristic distinguiehes it from all cther forme

of reascning, end is eleo why the scientific or technolegical "breakihreugh”
is so hard to forecast, If cne person could project what ancther will
imaginatively create, the forecaster would have elrcady accomplished

the act of creation, (Ref 12) It would appear more possible to forecast
srcas, subjscts ernd dieciplines in which breakthrouzh may be expected,

on the bzacis of amousnt of interest and potential for support from
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other areas. (Ref 13) It does not eppear pozsible to forceast the erezlica
of a epecific concept without actually creating it in the process.

(7) Induction builds concegptual tools without solving im-
mediate problems, The latter is only done by application of those tools
through deduction. Forecasting is no exception to this rule. Induction
may form one stage of a forecasting methodology, and is the means by
which concepts are created for forecasting in any event, but inductican
itself dces not deal with future time, This is because the future has not .
yet presented stimuli, data or observable evidence from which gezeral
principles may be induced, Neither dces induction reason frem past to
future events, as from known to unknown, What it does is to create a
conception of the principle or pattern of change in past anqi present obser-
vations, from which the future condition may be deduced,

This is an important distinction, because it identifies one of the most
serious difficulties in forecasting, In the quantitative approach as well
as in subjective intuiticn, one of the primary tools is extrapolation,
Extrapolation of trends is incapable of predetermining an inflectioa point
or discontinuity because evidence of change in the trend has not yet been
presented in the inductive base. Even in those cases where hypctheses
of trend are updated by frequent observations, change of trend must
actually have taken place before new data can alert forecasters to the
unreliability of their assumed function, When frequent observations are
not taken, inflections may be long past and come as a distinct shock whea
finally discovered, This is far from optimumn forecasting.

The same considerations aleo limit furecasting by cnaiogy. but toa
somewhat lesser extent, The limitation comes through insufficient
inductive study of current symptoms to dctermine if an analogy with rec-
ognized patterns is justified, When symptoms are merely scanned and
the hypcthesis of analogy over-quickly postulsted and assumed for projece

tion, forecasts based on the analogy are aloo ept to be irrelovant,
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(8) Eazch level of innstion rmusd cneraticoally ascome the v

voliriie ¢f 159 data base, Even though the postulates of each level are

actually teziztive, in order to move to a higher level, they must be taken as .
as fact. The gffect of this characteristic is to reduce the certainty of a

postulate by the combined uncertainty of the éata on which it is based.

Thus, as induction continues through several'levels of abstraction, its
certaizly is progressively reduced. This is why "specifics' are seen as
more likzly to be '{acts" than are "generalities." Tke more abstract,
the less likely a concept is to be certain,

(9) Inducticn cn-not cnerste on sirmnla dichatomies, ®
"Zither/or" is the logic of discriminatica; it is useful for finding the
limits of sets, but not their correlation. When used for synthesis, two-

valued logic will produce only inclusive or exclusive sets -- classifica-

tions ~- whick are determined by relating the ocbservation to an & priori

set of criteria. Two-valued legic follows the "law of the excluded .

middle;" (Ref 14) it is appropriate for deduction because it implies

certainty (it is or it is nct), but it is not epprepriate for induction for

exactly the same reason, The "middle" which two-valusd logic excludes

is the uncertainty interval, and it is uncertainty by which icdustion

operzatce, .
Thus, we find induction to be the building or growth mode of organized

mf!cége.. Its ccaclusions are general end do not enswer specific ques-

ticas directly. They are never cestzin and never complete. The process

is difficult, requires uncertainty and a particular type of creative imazi-

ration on the part of its operators, It {s also slow and it moves in not

entirely predictable jumps. However, it is the process by which knowledge

eit eliould ke noted that the term'eimple dichotomies" does not refer to
the ‘Linary eyctem, " which is czpatle of hizh mathematical sophistiication,
but of cns form of eimplificsticn by cppositica,
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tive children and the acquisition of experience,

3. Application of Knowledse: Deduction (Figure &)

Deduction is usually defined as reasoning from a known princizle
to an unknown, from the general to the specific, or from a premice toa
logical conclusion. Here, "logical conclusion means "formally coa-
sistent. " Deduction is the reasoning of formal lozic, which deals oxly
with the form and not with the content of the process, Most of the so-
called "logics" or 'systems of logic' are actually variaticns cf this

mode, In practical application it also has a large number of functiczal

eqguivalents; selection, anzlysis, dis¢crimiration, decision and projecticn ==

to mention only a few.

a. Assumption is the initial stage of deductive reasoning. This
is a selection of concepts from those available (including concepts in re-
gard to rates or patterns of change), and the statement of these concepls
as matters of fact., Thus, the primary but implicit assumption of all
deductive reasoning is that of certainty, '"Reasoning from the known"
actually means "reuoz‘xing from that which is assumed to be certain, ™
Thie is the operational assumption of the mode, It is also why formal
logic can afford to ignore the content and to concentrate on the form of
the argument; the coatent does nct really matter because it must ba
assumed as certain from the outset, no matter what it is, Noosenge
statements and purely abstract symbols may serve formal logic as well
as any other statements, |

b. Anzlysis is the horizcntal compenent of deduction, It acts
to scparate, discriminate, distinguich and so divide classes into sets,
sets into elements, This {s usually done implicitly in the procees of
stating the premises, In formal syllogisms, each of the two premises

containe two teyms or assumcd factual concepts, one cf which I8 common
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to both premises, and muat be stated as "2li" or “mooe, W (Ticf BD) LI
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men are mortal" is a premise in which the set of 'all men' is s3z123 10
be a subset of "mortal beings.'" The minor premise, '"Socrates is a
man'" states that the entity or 2lement "Socrates" is a member of the
set of *all men, "

At this point, the set of "mortal beings'* has been analyzed and all
mortal beings except men have been deducted or discarded. The set cf
all men has also been analyzed and all men except the one specified krve
been deducted. The only consistent consequent, '"Socrates-is a moxrizl, "

is already implicit and needs only to be stated. This is why decucticn

does not create new knowledge; all consistent conclusicns are alrecady

implicit in the stating of premises.

c. Specification is the vertical component of deduction. As
each premise removes from consideration all elements implied by one
term but not also included in the other term, the movement is from the
more general to the less general, or specific. Conical organization
would indicate a movement from general to specific be cqupled with
expansion in number, which would be the case if analysis were used
alone. Many researchers are familiar with the expansion characteristic
of analysis, whereby any concept may be divided into an unmanageable
volume of details, Deduction, by removing details from each coancept or
term, results in a conclusion more specific than any of them. The
geometry of such an operation may be described as a downwardly-
narrowing cone focused on specific conclusions, but entirely contained
within the upwardly-narrowing cones implied by the terms employed,

4, An Operational Choice follows each analysis/specification

stage. Each of these stages (syllogisms) s limited by the level of ab-
straction fixed in defining the "indivisible' elements, (Ref 16) In
practice, these limits are often broader than the problem at hand,

4)




Thus, the chcice is between 2nalyzing one level to exhaustion, or reeanter-
ing the epecificd consequent as a premise for sequential operaticn. Such
deductive trees as PATTERN employ exhaustive analysis at each level,
drop. out lecs relevarnt subsets, and then proceed sequentially to the next
lower level,

e. Conclusions by deduction'may occur at any level below that
of the most gzneral term, depending oa the problem at ham"l. the interest
a2nd the paticace of the operator, Since even the arbitrary "elemernis" or
inlivicitle entities™ of the original stage may be selected as prermisces
and divided by enalysis, the lower limita of deduction are those of orga-
nized imowledge. Analysis and specification must cease only when the
organizatica of the next lower level is unknown. In practice, deduction
usually stops with a conclusion relevant to the problem at hand or the
purpose for whish it was undertaken. In any event, once the operator
decides to conclude deduction, he also stops selecting further premises
and the entire process terminates, It should be noted that deduction
operates solely within the body or structure of existing knowledge.

£, Chrarscteristica ¢f Drduction

(1) The primory pecniramernt of deduction is tha attituds or

asarm~ticn of carrainty, With this assumption, it does nct have to inves-

tigate the validity of its premises, but may merely assert what must
follow if the premises are true,

This is &t the came time the greatest strength and the greatest weak-
ness of the mode. The strength {s that conclusions will be true if the
premises are true and the logic formally consistent. The weakness is
that formal consistency may imply a true conclusion in cases where it is

pot justified,

(2) Cenclustons must ba necessary consenuents of the

promises ern-lovad, While thers are dozens of identificd fallacies In
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formal logic, they may all be subsumed by this cne criterica. Allhouzl
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there are actually three divisions of formal consistency -- ccnsicte

(called valid by some writers), fallacious, and indeterminate --the latter

two are usually lumped together because neither meets the prime crite-
rion, Thus, conclusions are seen as either necessary or fallacious,

(3) Deduction operates on two-valued dichotomies, Because

it utilizes statements of fact, and statements are a symptom of certainty,
deduction may also employ two-valued logic., It follows ke '"law of the
excluded middle, " which was invented by Aristotle specifically for this
purpose, to make the certainty of formal logic possible,

(4) Deduction does not create new knowledee, but through

e ST Bk AR WU 303 A By

&

its analytic stage, it often does disclose otherwise unrecognized implica-
tions of its premises and their combinations, These may have the same
effect as new knowledge, Many of the greatest discoveries have been
made through analysis of the implications of lawe, theories and hypotheses
induced earlier, and much of the progress in technology occurs in this
way, Although all possible forecasts are implicit in the premises em-
ployed, it is this characteristic of deduction which reveals their unfore-

PR 2 SR P

seen impllcatiox'u and so makes foreknowledge possible,
(5) Deduction is limited oanly by the amount, the kind and

the clarity of the premiaes available, Thus, igaorance ic again a barrier,

but in the form of nonavailable premises or general principles, The
quality of knowledge is nct a barrier to deduction, because it can operate
equally well with nonsense statements, wild guesses, purely abstract
symbols and scientific laws, The only useful point at which it may be
guestioned is the formal consistency of the argument itself, Once this
has been established for a given argument, nothing further is to be gained

in this ares, and evaluation of reliability muet shift tu the validity of

premises,
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Beczuse it is slz0 deductive, the same characteristic is found in the
projzcticn stage of all forecasting methodologies., Formal ccasistency
may raise the reliability of predictions up to -« but nct beyond -« the
validity of entering assumptions, while formal fallacies only serve to
reduce reliability below that level,

Thus, we find deduction to be the application or use mode of orga-
nized knowledge. Its conclusions are specific; they answer questions and
solve practical problems. It is also rapid, efficient azd easy to follow;
thus, it is the most effective mode for display a=d dissemination of ideas,
Because most mathematical systems are built on its two major assump-
ticas of certainty and consistency, it lends itself readily to mathematical
and computerized scphistication, The characteristics of deduction are
found in all of its many applications. In all of these it {s the practical,
immediate and confident mode by which organized knowledge is put to
work to sclve specific problems with the tools at hand, and without which
most of organized knowledge would be useless.

4, Quality of FKnowledre: Validation
In discusesing the geaeration, organication and application of

knowledge in terms of quantity and generality, the major question has not
been adidreseed. The question pertains to the quality of knowledge,

"Is it s0?™ Fantasy may be as well organized e fact, sup=arstition as
consistent as scicnce, Forecasts may be produced from guesswork or
lawa, What distinguiches one from the other is the quality of knowledge,
It has mazy lncmﬂ}u, including: obiective validity, emupirical fact,
actual knowledze, or simply, the teuth, Our purpose in forecasting is

not 80 much to increase the amount we know about the future, or the gea-
srality of our concepts, as it s to increase the accuracy or quality of
foreknowledge. One accurate forecast ie more valuable than many inac-

curate speculations,
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. The terms reliability, power of predicticn gad g2 3octivy mochnt Uity

have been used to denote the ability of particular concepts to provide

’ such high quality foreknowledge. This ability does not rest ca how much
is known, but on how well it is known. This is the context of validation,
As puinted out, the two major processes of induction and deduction beth
reason from the known (or assumed known) to the unknown, Deductica
assumes the validity of its premises, and induction assumes the validity
of its data, Thus, the question of how to determine cbyective validity lies
at the heart of reliable forecasting and the evaluvation of forecasts,

However, establishment of objective validity is not a simple probtlem,
nor is it of recent origin., In the larger context of philosopdy, it forms
the core of a persisting controversy that reaches back over centurics,
Because of this coutroversy, maay philosoghers kave referred to it as
the problem of a "theory of b:owledgé. " or "the problem of knowledg . "
Thus, the decision maker is in good company when ke tries to figure it
how much confidence to place in the forecast he has before him. The
problem has now moved down from the {vory towers and cnto the aédr a-
fstrator's desk,

As seen in classical philosophy, the task of a theory of knowledgc ia
to devise some criteria of validity, or {irst priaciples, whkich may thea

be epplied to determine ¢f any given statement s true or false, 1t is
precisely this sort of criteria -~ in the form of a checklist - which the
responsible decision maker nnd forecaster would like to bave.

A greut host of "universals, " "absolutes, " and "eternal principles”
have been proposed and argued pro and con, However, some philoso-
phers -- notably Kant and Hume -= have held that auck a theory of knowl-

v edge is impossible, on the grounds that criteris of validity are themeelves
statements or concepts, and their own validity may oaly be ascertained
through the fallacy of proving them by themselves, To date, it would

-

47

e, oo i 7 P s ——ii s

- e - v v BR A i e s e s e

—— 4 o, A G AT ol A [




uppear the sceptics have it; no one has been able to develop such a sys-
tem of universal criteria of validity and successfully defend it. Thus,
the '"problem of knowledge' remains unsolved. Nor do we propose to
solve it here. However, within the frame of reference of conica! logic,
we do find what may prove to be another line of éttack on the more prag-
matic aspects of the problem, We are more interested in providing some
assistance to the forecaster and decision maker than in philosophical
argument as such,

‘In general, there are two ways of eatablishing validity; submission

to authority and submission to evidence, Both of these appear to be

logical processes which combine the two basic moades of deduction and
induction, Each will be discussed individually, in ‘an effort to identify
their typical strengths and weaknesses, and so where and how they may
be applied for the improvement of forecasting,

a. Authentication (Figure 9)

The word '"authentication' is not normally used in reference
to a mode of reasoning, nor does it appear as such in the study of logic.
It is so used in this study because it appears to describe the process
underlying a set of problems observed both in forecasting and in the
operation of organized knowledg~ in general, Thus, it is presented as a
tentative hypothesis, drawn from the commonality of observations,

Authentication is defined as: that mode of reasoning which combines

induction and deduction, and whereby new or recently acquired stimuli,

observations, raw data, ‘etc., are classified, coded, validated or other-

wise interpreted by reference to previously organized knowledge, where

such knowledge may appear in the form of axioms, or their embodiment

in the opinions of authoritative perscas,

Authentication, then, may either identify or validate observations by
submission to authority., It may also be employed to assign values (good,

bad) to such observations in the same manner.
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(1) Inducticn forms the initial stage of this process. Raw
data or observations are coilected and synthesized to the point where a
pattern is seen to exist. At this point, the pattern has little ar no mean-
ing. It may cobtain méanixig only by postulation or association., To obtain
meaning by postulation would complete the inductive process; to obtain
meaning by association transforms the process to authentication, In logic,
such a shift is called traduction,

(2) Deduction is the second and the dominant stage of the
process, The pattern recognized by induction is taken as a criterion of
relevance and used to search the immediately available memory for a
relevant axiom or value. If no relevant axioms are found among local

resources, the search may expand to any other sources, including other

persons, agencies, libraries, and so forth, In this way, stimuli and raw -

data gathered by one operator may be authenticated by axioms from
another,

In the deductive stage, axiome located either internally or externally
are analyzed to their specific consequents, which form the second input to
the next stage. .
. (3) Association matches the pattern recognized by induction
with the specific consequents of relevant axioms, The consequents of the
axioms are taken as authoritative, and used to identify, classify, evaluate
or validate the inductive pattern. Deduction is dominant because only the
relevance and not the validity of the axioms or their conaequeuts may be
questioned,

(4) Conclusions reached by authentication are essentially

labels, They state what the recognized pattern is or is not, whether it is

true or false, good or bad., The raw data are now coded by reference to N

prior knowledge; they have obtained meaning and may be included in the

receiving body of knowledge. Where it is used for identification,
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conclusions are called perceptions., When it is used to decide if some-
thing observed is true or false, the result is validation by submission to
authority, And when axioms of value are applied, the process is evalua-
tion and the conclusions are assigned values, The specific conclusions
reached by any of these parallel processes will vary according to the set
of axioms employed. Thus, the same stimuli or observations may be
identified, interpreted, validated or ealuated in entirely different ways

when different axioms are used.

{(5) Characteristics of Authentication are as follows: (1) It

does not create new knowledge, but rather transfers meaning from the
already known to the newly observed, (2) Observations made by one

person or actor may be authenticated by axioms from another; thus, the

organizational pattern is transmitted from one specific store of knowledge

to another and 85 preserved over time. (3) It does not actually establish
the validity of observations or assumptions, but merely moves the prob-
lem one level into abstraction; the verity of the axioms must either be
taken on faith, or the axioms themselves submitted to empirical evidence,
(4) It does establish the identity and meaning of stimuli and raw data
observations, (5) Conclusions reached from identical observations will
differ to the point of contradiction, depending on the axioms used for
authentication, because the conclusions are consequents of the axioms
rather than of the observations, (6) Conclusions reached by authentica-
tion, like those of deduction, imply certaintyI or authority whether or not
this is justified,

(6) Implications of Authentication are found throughout

forecasting, They are best seen in the formation of analogies, " This is
the reasoning whereby observations of current symptoms are identified

as precursors of patterns recognized in the past,
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We also find it in quantitative extrapolation and assignment of proba-
bilities, There is no functional difference between forecasting by
historical analogy and the '""legislation' of a curve. Both study the pat-
terns of observed data, and match these with a preconceived function
(hypothesis of variation), it is this hypothesis, rather than the observa-
tions, which is actually projected. Both have the advantage of employing
an existing hypothesis rather than having to invent one, and both have the
problem of hasty or irrelevant analogy. Both also imply a certainty they
may not in fact possess.

The same considerations apply to the assignment of 0 to 1 scales and
the computation of statistical probabilities, The 0 to 1 scale is very
handy; perbaps exceedingly so, The ability to compute statistical proba-
bilities for future events is an accomplishmenf much to be desired. But
such rigor must be built from the bottom up; it cannot be attained by fiat,
by lumping data together without respect for dimensionality, comparability
and measurability, arbitrary legislation of 0 to 1 scaling, and computation
of probabilities to high decimal orders, The drawing of analogies between
celestial mechanics and human affairs (astrology) is no more risky and
may be far more rigorous,

A similar problem is observed in attempts to quantify matters of
value, cost, risk, utility, etc. Observations of variation in many areas
are encod=d for mathematical treatment solely by an arbitrary legislation
of dcllar equivalents, This shows the use of authentication as it applies
to values,

In all of its many applications, authentication has one characteristic
strength and one typical weakness, The strength lies in its ability to
transfer accumulated knowledge from one memory to another, thus
making it available for wider application, The weakness lies in its ten-

dency to assign confidence or authority to axioms or persons whose
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opinione are cunsidered axiomatic wheze this is not justified. In all
cases, the authority of these axioms must either be tested against further
evidence, or simply taken on faith, In forecasting, there is considerable
evidence of failures due to taking authorities on faith alone, (Ref 17)

On the positive side, authentication is vital when applied with an
awareness of its hazards, Because its conclusions imply authority, and
because observations by one source may be organized by experience of
another, authentication is the logic of borrowed learning, Iormal and
informal instruction, indoctrination and enculturation, The ''collation of
validators'® in any store of knowledge --personal, professional, cultural,
national or ideological -= will be seen 88 a set of authoritative axioms or
"'gself-evident truths. " They are employed to identify, interpret, validate
or evaluate a2 large portion of all observations; thus, authentication is the
primary channel for the continued existence of both the axioms and the
corporatle entities which they define, The common application of this
mode has led philosophers to the doctrine that ideas have their own inde-
pendent existence, Without it, every human being would have to learn all
he knows by laborious induction from his own limited observations, and
so would be {forced to reinvent the stored knowledge of the race, Thus,
authentication is the mode of reasoning which provides the intake side of
organized knowledge transfer, as deduction provides the output. Together,
these two modes form the rational branch of reasoning.

b.’ . Verificlation (Figure 10)
‘Verification is the mode of reasoning specifically concerned

with the quality of knowledge, It is the logic of submission to evidence,

testing, simulation and experiment, It is often called "empirical valida-
tion, " as opposed to submission to authority, which is rational validation.
Like submission to authority, it combines both inductive and deductive

stages; however, the sequence of their operation is reversed.
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{1) Deduction is the first stage. A premise is selected or
assumed; however it is not considered to be valid or authoritative. This
is becauese the purpose of the operation is also reversed; rather than
serving as the source of validity, the premise itself is now in question.
The only difference between an axiom and a trial hypothesis is the amount
of confidence someone has ia its validity., Thus, the same statement
which is employed as an authoritative axiom for deduction or authentica-
tion may also be taken as a trial hypothesis for verification. The one
essential prerequisite of this mode is the assumption of uncertainty, the
willingness to challenge and test an axiom as though it were merely a
trial hypothesis.

In some cases a trial hypothesis will refer to phenomena which are
directly observable. In many cases, however, some consideration such
as distance, abstraction, risk, or location in time, will make direct
observation either impossible or unwise. In these cases, the premise
must be analyzed and the criterion of observability employed to select
from its necessary consequents theose which are at least potentially
observable, These necessary and observable consequents are then stated
as specific projections or predictions,

Such projected assertions must be carefully and clearly stated, so
as to define the conditions to which they apply and the evidence which will
constitute affirmation or denial, Any assertion so vague as to leave large
questions as to the evidence necessary to affirm or deny it cannot be
verified. Ambiguous statements which allow two contradictory interpre-
tations must be differentiated into separate assertions before either can
be verified, since they may call for differing evidence, And cases in
which alternate or competing hypotheses propose to explain the same
phenomeria will have to be submitted to the same evidence in order to

decide between them, Thus, lacking a universal theory of knowledge with
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its absolute criteria of validity, the criteria cf verification must be
included in each statement to be tested.

(2) Induction is thc second stage., The observable conse-
quents are taken as criteria of relevance for the gampling or observation
of evidence. These then establish a data base relevant to, but de.rived
independently from the original hypothesis, If the test base is not rele-
vant, the evidence is useless; if it is not derived independently, the test
is biased, and if it i3 not sufficient, the test is indeterminate,

Once observations are made, they are taken as authoritative., This
is because, like induction, verification must assume the validity of its
data base, Evidence is collected and synthesized to the point of pattern
recognition, This completes the inductive stage,

(3) Comparison is the final stage. The pattern recognized
from the collected and synthesized evidence is matched with the projection
made earlier, This is similar to the association stage of authentication,
but the purpose is again reversed. Instead of using the hypothesis or its
necessary consequents to test the pattern recognized in the data, the
pattern recognized in the data is used to test and support or deny the
hypothesis,

_ (4) Conclusions reached by verification are specific, but
they do not imply certainty for several reasons., (1) The premise is
tentative rather than authoritative. (2) Only that portion of the premise's
implications which were observable are actually tested. (3) The authori-
tative evidence is derived by induction, and induction is incapable of
attaining certainty except when all possible evidence is sampled. (4) The
operational assumption of this mode is that confirmation or denial of
specific consequents also implies affirmation or denial of the premise,

In deduction, this would be considered the fallacy of affirming the con-

sequent. (Ref 18) It is a fallacy in deduction, because it is incapable of
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producing certainty. In verification it is not fallacy, but a necessary
procedure. (5) No amount of evidence can guarantee that the next obser-
vation will not absolutely deny both the consequent and the premise, For
these reasons, no validation is ever certain, This characteristic it
shares with induction, -

(5) Requirements of Verification are as follows: (1) The

initial assumption of unceriainty, (2) observable consequents of the
hypothesis to be tested, (3) adequate definition, (4) available evidence
which is relevant, sufficient, frec of bias, and accurate. Lacking the
initial assumption, verification is impossible, It is also impcssible to
verify something whi..h cannot be observed; however, observational capa-~
bilities may be expanded by technology, and even nonobservables may
cause observable effects which can be used. Inadequate definition and
lack of evidence make any verification indeterminate.

(¢) Implications for Forecasting. Verification is the only

mode of reasoning designed to couple assumptions and hypothetical con-
structs to dispassionate reality., Except for our use of this mode either
by specific design or accidently through trial and error, there is little
basis for believing any of our ideas correspond to reality. Since the
purpose of forecasting is to increase our awareness of potential reality,
and this is done by deduction which cannot test the validity of its own
assumptions, invalid and indeterminate premises are useless for this
purpose. The cost of error makes them of negative utility, Thus,
verification -- empirical validation -- is the primary avenue for the im-
provement of forecasting.

Because verification is incapable of attaining certainty unless all
possible evidence 18 in, and the evidence necessary to test the assump-
tions behind a forecast is not in until the time pericd of the forecast has

expired, no forecast can be certain at the time it 18 made,
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On the other hand, there is no other way by which the objective
validity of assumptions' -=and thue the power of prediction -= can be
systematically and progressively increased. Verification is the logic of
the sceptic, the doubter and the personally humble man who questions his
own axioms, It is the experimental mode, the logic of systematically
reduced uncertainty, Together with induction, which also operates in

and by uncertainty, it forms the empirical branch of reasoning.

5. Problems of Mode

The four modes of reasoning are by no means exclusive or inde-

pendent; however, at one time or ancther, each has been emphasized to
the neglect of the others, Many "'schools" of philosophy are identifiable
on this basis, (Ref 19) So are the reasoning patterns typical of certain
disciplines, professions and projects, including many now involved in
forecasting, It is not surprising that individuals often prefer one mode.
above all others; each one is more appropriate for specific purposes.
Difficulties are common, however, when logics are misapplied, and
such misapplication forms one of the major barriers to forecasting.

While many value-judgments have been argued between advocates of
particular modes, no such inference is intended here. Each has its own
specific utility, depending on the nature of the problem at hand, This
utility we would hope to illustrate as the indicated means of improving
particular areas of forecasting.

a. Problem Recornition

In all areas ~o£ inquiry, the first problem is to recognize
that a problem exists. (Ref 20) Such awareness may be obtained either
tbrough experience or interrogation., The former is rational or.prag-
matic; the latter is empirical or experimental.

(1) Pazicmzl Prcblem Reco~nitica, When obtained through .

direct e.-':perience,: the most common symptom of problem recogziticn is
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surprise. A prediction does not correspond to subsequent observaticas,
or an explanation is found to have been in error. The heuristic or
"feecd-back" function of forecasting has a long history of usefulness in '
this regard. When Kepler found the planet Mars to be eight minutes of
arc away from his predicted location, he began to suspect a problem with
his oval orbit theory, Much of modern physics owes a debt to Galileo's
surprise when he noted that cannonballs did not behave as Aristotle's
mechanics predicted they should.,

Heuristic learning is a primary value of forecasts and a major
reason for their construction. Every forecast that fails is potentially a
source of information for recognition of error, provided the question
"Why? " is asked and answered. Improvement of forecasting may be
accomplished in this direction, and the patterns or commonalities of
unsuccessful projections are a significant area for further studies.
Lacking such efforts, an unsuccessful forecast has little value,

To the modern forecaster and decision maker, however, the prag- '
matic approach to problem identification -~ try it and see if it works -~ is
not always cost-effective. Not for any lack of effectiveness, but because
cost of error may be prohibitively high. This is especially true in long
range forecasting, where the marginal utility of "wait and see' dimin-
ishes rapidly. Thus, the choice of means for problem recognition must

be made on the criteria of criticality and range, i.e., the cost of error.

{2} Empirical Problem Recognition. In those cases

where cost of error is high, interrogation is indicated. To become
aware of problems through interrogation means that someone has to
go looking for them. This is the 'problem hunter,'" as opposed to
the pragmatic "problem solver." It is also referred to as being

"“problem oriented," rather than "product oriented,"
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The two major barriers to effective forecasting -- ignorance and
certitude -~ are both reducible by problem orientation, Ignorance is
"not knowing;" its primary symptom is lack of information, It may be
reduced by directing questions at the fringes of knowledge; '""What do we
need to know?" "What don't we know?! Of the two, it is by far the
easiest to deal with, Its utility lies in an increase of organized knowl-
edge; its tﬁajor mode is induction,

Certitude, on the other hand, is believing you do know, Lack of
predictive power, competing theories, and inability to explain current
phenomena or events are indications, Dogmatism is often another.
Certitude may only be reduced by questions directed at the heart of
knowledgé; "Do we really know? How well do we.-know? " It is often
more difficult, but is fundamental to all problems of validity,

In either case, the empirical é.pproach demands we place ourselves
into uncertainty. As Clerk Maxwell remarked, '""We must pretend we do
not know. " (Ref 21) This is why we do not call this approéch to problem
recognition "Analysis of the problem, " but rather '"Interrogzaticn. "
Analysis operates by statements of fact; interrogation operates by
questions,

b, Probiem Utilization

No matter by which of these means one becomes aware that
a problem exists, his course of action will depend on how he utilizes
this poteatially valuable information. He may ignore it and continue as
before. Here wes have the old maxim, "Those who do not learn the les-
sons of history are doomed to repeat it." Or he may search for the
expedient solution, and if he finds it, solve his problem through authenti-
cation, He may use either the problem or its subsets as selection
criteria for methods and principles to be validated, Finally, he may

select critical subsets as grounds for initiation of basic inductive inquiry..
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In all of these uses, it is the original problem, task or purpose tiat

sets the stage for selection of realm, logic mode, and level of abstrac-
. tion. This in turn conditions the type of inputs required, likely sources
of such inputs, the general procedure to be fcllowed, typical fa.llapiea
to be wary of, and iastly, the sort of outputs to be expected and the kind
‘ of activity such outputs will support. All of these properties vary for
A each realm and éach mode; misapplication can rearly always be guaran-
3 teed to produce unsatisfactory results in light of the intended purpose.
i Thus, it is with the nature of one's problem that inquiry must begin, and
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the nature of sequential or underlying problems by which it must be
pursued., All we have at the beginning is the problem itself. It deserves

considerable attention and interrogation before one turns to analysis of
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its subsets and consequents or search for solutions. i
| c. Selection of Mode
One set of criteria which may be drawn from interrogation

of the problem is that of implied logic. This is of value in ascertaining
the relevance of particular techniques, methods, principles, etc, These |
criteria center around the question: 'lIs this problem or subproblem

basically rational or empirical?'* The second order of questioning

follows the four logic modes: 'ls this rational problem best handled by

deduction or authentication?" '1Is this empirical problem one that indi-

cates validation or induction?"
{1) Rational Problems are generally those which require

rapid, precise and reliable answers. Decision making belongs to this

class; so do such practical problems as driving a car, flying a pla.he, ~ :
learning algebra, putting thoughts into words, or buying a house, The :
list is well-nigh endless -« from how to make a fire with flint and steel,

to the optimum procedure for launching a spacecraft or planning an

economy. They are 2ll practical problems or problems of technology,
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which is "practical knowledge' by definition, They indicate the applica-
tion or acquisition of rules, laws, axioms, standard values, procedures
or teckniques, ,

The rational logics, deduction and authentication, are the most use-
ful for day-to-day decisions, evaluations and operations, There is little
utility in trying to reinvent a technique, concept or scale of values if one
is already available or can be borrowed that will do the job and solve the
problem at hand, Thus, where they are applicable, deduction and au-
thentication should be the first choices among modes of reasoning.

(2) Deductive Problems are those which require appli-

cation of an existing principle or concept for rapid and practical answers.
Other problems calling for this mode are those in which a large or com-
plex concept -- including large and complex problems -- must be broken

down into specific components., System Analysis, Mission Analysis, and

Operations Analysis are examples, Interrogation of the problem is a

special case. While the structure or pattern of questioning is rational,
the questions themselves are applicaﬁons of uncertainty as a tool, and
thus empirical.

Any problem requiring isolation ¢f specifics is deductive, including
sampling and the déaign of relevant but simplified models, Analysis of
definitions and deduction f:rom abstract concepts to measurable observ-
ables fall into this class, In gemeral, the mode is indicated in any situ-
ation where something needs to be taken apart in order to ''get down to
cases, "

Deduction is also the mode for projection, and has no substitute in
this role. While a group of projections may be synthesized into a com-
posite view of the future, the act of projecting each trend or analogy is

still deduction over time, The future does not provide data for induction,

evidence for validation, or either stimuli or principles for authentication,
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While it does not provide principles for deduction either, the present
does, and when these principles contain a time function, their deductive
consequents are images of a future state or direction, It is to this extent
alone that we can '"know' the future. (Ref 22) Therefore, projection is
essentially a rational problem, calling for the deductive mode, It is

only when failure éf projection is recognized by experience or identified
as likely by interrogation that the nature of forecasting shifts into other

modes of reasoning,

(b) Authentication Problems are those in which appli-

cable --practical or rational -- knowledge is required but not immediately
available, In general, this class of problems may be identified by a2 need
to acquire skills, facts, concepts, methods ox; operational techniques,
With the criteria of relevance obtained from problem recognition as a
guide, one begins to search for potential solutions, When kis own expe-
rience or expertise shows no relevant methods, he moves progressively
outward in range. The first piace to look is, of course, in the office
down the hall or to the books in the local library. Failing there, he
moves to outside sources; cross department, or cross discipline,

The operational assumption is that the needed information is avail-

able somewhere, if it can be located. It is the second mode of reasoning

in order of preference, because its utility lies in the fact that one does
not have to duplicate what he can borrow or buy. (Stealing a person's
ideas is plagiarism; stealing from many ~-- with footnotes -- is research.)
For these reasons, authentication is second only to deduction in cost-
effectiveness. The "literature seérch, "t “gymposium' and "expert-
consultant' are examples of authentication; ''research analysis'' is

specifically designed to study and accelerate the process of information
transfer,
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The secondary problems of forecasting are of this nature. When our
initial estimates fall wide, when we are led by our task into unfamiliar
topics and disciplines, or when we define a subproblem for which we have
no available methods, we are in a situation that calls for the process of
authentication, Because no one man can hope to become expert in all
the fields involved in modern forecasting, thése same problems set the -
stage for cooperative and interdisciplinary studies. As Newton remarked
on being henored for his discovery of the law of gravity, "If I have seen
a little farther than the others, it was only because I have stood upon the
shoulders of giants." While he may have been modest, the technique he
implies is that of authentication, Since we also need to see a little far-
ther than the others, one of the most useful p.rocedures is to imitate
Newton‘s technique,

However, one of the limiting factors in forecasting has been the
inability on the part of many operators to shift reasoning from rational
to empirical when the nature of their problem called for it, Whenever
practical knowledge is no longer practical because it will neither explain
the present nor predict the future, the utility of a rational approach be-
comes zero. There is no benefit in further application or acquisition of
fallacious methods or invalid assumptions, The problem has become
empirical,

(2) Emvbirical Problems are those which require new or

more valid knowledge. Repeated fzilure of present axioms to predict or
explain is a prime indication. Multjple competing or contradictory

theories is another, Failure to discover applicable knowledge after

extensive surveys is a third, Extreme dogmatiem, certitude, or evidence

of bias is suggestive of an empirical problem hidden behind a facade,
Lack of evidence is a major symptom, aa is the presence of ambiguous
or overgeneralized assertions, The two main divisions within this class
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of problems are those which raise questions concerning the quality of
lmowledge; and those which relate to the existence of knowledge. The
former are problems of validity, the latter of induction.

(2) Problems of Validity are those in which kaowledge
is available, but of questionable quality, Evidence of a lack of predictive,

evaluative or explanatory power is the primary indication; multiple but
competing or contradictory theories in regard to the same phenomena is
another, and suspected biag in either theory or data is a third, For the
same reasons, any inductive postulate falls into this class of problems
immediately., Validity of product is not determined by the inductive
mode,

Other problems that fall into this class -~ but are often overlooked --
are those involving authentication., When an expert or axiom has been

located and identified as relevant to the initial problem or subproblem,

this alone is often taken as evidence of validity, Problems of validity all

concern the confidence with which existing knowledge may* be used.
This applies as well to experts and methods obtained through surveys as
it does to inductive hypotheses or deductive premises, Confidence must
be based on evidence, rather than faith in the source. Confidence in
experts is based on an analogy betw=en the past situation in which an
individual performed well, and the present situation, The goodness of
fit between the situations is critical if past performance is to be used as
evidence, _

Since validation, as any of the modes, may be applied at various
levels of abstraction, whether one's problem of validity refers to prem-
ises or data will depend on whether it arose from deduction or induction,
Deduction requires valid premises; induction requires valid data, The
former may be recognized by failure of prediction; the latter is much

more difficult to see, unless inductive postulates are automatically
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submitted to an independent data base for validation, Even then, the
problem of invalid data is only attacked by cross-reference. This is the
reason for suggesting that input data --and especially statistical data --
be coded with a confidénce interval. Refinement of measurement and
observation techniques are also indicated for this crucial problem area.

Another set of problems specific to this-mode are those involving
the degree of distortion introduced by obserﬁﬁom The Heisenberg
uncertainty principle in the physical sciences holds that some distortion
is unavoidable. The parallel distortion in social science is found in
sample surveys, questionnaires, content analysis, aad language trans-
lations, It may usually be seen as a feedback from observer to observed
which biases the observation. '"What does he want me to say?' '"What
is the answer that will put me in the best light? " and "What do the Soviets
mean when they use the word... ?'" are common examples. Over-
simplification in controlled experiments is another; it precludes a repre-
sentative sample, and the analogy between laboratory and real world
conditions mu#t be validated by outside observations. Remote observa-
tion and discreet sensors may act to minimize this class of problems in
the eocial sciences, Use of the one-way glass window in clinical psy-
chology is an early example of such an effort. Content analysis of docu-
ments as opposed to direct opinion survey is anocther, Refinement of
sensors to reduce feedback distortions in the social sciences is a prom-
ising area of inquiry, but one that still requires further effort. It does
not appear to be close to a Heisenberg limit at this time.

A common discrimination among problems of validity is between
direct and indirect validation, This pivots around the le rel of abstraction
of a given premise, and whether it is observable., It is not, however, a
problem of validity as such, but of problem recognition. If a concept is

not directly observable, through distance, abstraction, time or especially
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through lying in the humanistic realm, the initial protlem is one for
deduction., The only observable consequents of human opinion or belief
are in patterns of verbal or physical behavior. You cannot tell what a
man is thinking until hé acts on his thoughts, On the other hand, to tell
what he is thinking on the basis of his behavior patterns is a problem for
inductive inference. Only when you have postulated what he is thinking
and wish to test the postulate against further evidence in behavior, does
the problem become one of validation. This, of course, applies to postu-

lates concerning groups of men and nations as well as to individuals,

(b) Inductive Problems are those in which problem
recognition has provided criteria of relevance, but relevant knowledge
cannot be located. Here, deduction, authentication and validation have
nothing to work with or on. No practical optimization is possible, and
only the hard work of basic induction remains. In general, inductive
problems are only identified by exhaustion of the other modes.

There are two types of induction, implicit or subjective, and explicit
or systematic. Implicit or "in head' induction is usually the more rapid,
and its product may be equally useful if validated. The process, however,
is not replicable in most instances, and so dies with its possessor,
Genius is not often transferable, Explicit induction records every step
and all data involved. The gpecific problems of systematic induction are
similar to those of validation; the need of adequate data by relevance,
quantity and quality, possible distortion in observation, conscious and
subconscious bias, Because of its one unique characteristic, induction
has the problem of depending on the availability of a particular sort of
jindividual, one who is capable of living and operating in uncertainty, yet
possesses a rigorous imagination. The terms rigor and imagiration
would appear to be contradictory, but the necessity of finding people with

just this combination of traits is a basic problem of induction.
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A secondary problem is how to train people for these traits. The Socratic
method of teaching by questions rather than answers and making the stu-
dent reach for new (to him) concepts would appear the most useful tech-
nique, While not directly related to forecasting, this problem underlies
some of the present difficulties vhen induction is indicated and such indi-
viduals are not available, and even more so it signifies the raw potential
for inventiveness in a given society for the ;:ext generation. (Ref23) How
to identify such individuals is a problem not presently solved as far as we
know. Psychology or modern education may have some recent insights of
which we are not aware.

Definition of dimensionality and problems of measurement are inher-
ent to this class of problems, although they call for interrogation of the
problem and analysis of implications. Induction rests on data; if the data
is not sorted according to dimensions, synthesis is prolonged. In many
cases, it may be prearranged, but in a manner which will bias the in-
duction. Coding of all social data to nation-state is one example; it
hides relationships within nations. It is very difficult to draw general
statements (;>r validate premises) with data 36 coded as to exclude rele-
vant areas., This is why several quantitative basic researchers have
asked that data coding be as specific and as comprehensive as possible.
It makes a richer base for induction and for validation. In the history of
science, the axioms Kepler derived for planetary motion could not have
been irnduced or ﬁli&ted if T.ycho Brahe had not refined his oétants arnd
simply collected data by observation. (Ref 24)

d. Misapplication of Mode

The modes of reasoning not only operate in areas of specific
problems, but in particular sequences and combinations. Deducticn and
induction are both rational; they are often used together. Validation
‘supports all other modes whenever a question of reliability is raised.
Induction provides the development of new premises for all other modes,
It is to be noted that, in the larger sense, all premises must origirate
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with induction, and since induction i8 incapable of -‘roducing certainty,

all of our brga.nizcd knowledge is tentative, This would appear to support
Pliney's comraent that "The only certainty is that nothing is certain,

(Ref 25)

Our overall purpose then, is not to produce the impossible -«
certainty -- but to build knowledge while systematically reducing uncer-
tainty to its limits.

As simple as these modes might seem, evidence of mdiszpplication
is widespread. One of the more common examples in forecasting is the
continued construction of sophisticated mathematical or computerized
models on the basis of assumptions which are at best highly questionable ~-
and in some cases empirically denied -~ concerning human, social or
political behavior. Such models may well be used for the validation of
social theory, but the decision maker who 'buys" their products at this
stage does so at considerable risk. Once premises are validated, models
such as these will no doubt become valuable aids. Their internal logic is
usually consistent: if the premises were valid the conclusions would be,
but the validity of premises ie unknown,

A second misapplication is the use of a "study'" as an alternative to
making decisions. Teams are set up to initiate basic research in areas
where a quick but well-designed survey would show usable information
already available. Parochialism is one cause of such misapplication:
unnecessary duplication is the result, In many of these cases the prob-
lem is rational; authentication is indicated.,

A third example is the inappropriate use of authentication. In the
history of philosophy, the search for ''criteria of validity'" has attempted
to employ the rational approach of submission to authority beyond its
justifiable limits. This approach is indicated only when axioms have

previously met the requirements of empirical validation, A more curreat
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example is the use of axioms from the natural sciences to authenticate
humza (social science) problems. Because such a'xioms have been vali-
dated in cone field is no guarantee they will algo be valid in another,

Empirical validation is seldom misapplied, but often ignored. The
o'n.ly misappl:icaﬁon of note is that one may waste time reaffirming con-
cepts which have been extensively and constantly supported., The major
axioms of mathematics and the natural sciences have been so supported,
end may be employed wherever relevant without further teaﬁn:g. The
rules of formal logic have also been supported as adequate for the identi-
fication of rational fallacies., In the eame light, there is little benefit in
the recurrent speculations of 'proving the worth" of systematic fore-
casting, planning and decision making, Their worth and the peralties
for their alternatives have also been historically demonstrated,

e, Summation

The summation of thia section is that no one mode of

zeasoning is a paracea to be applied habitually, Specific combinations
and sequences can provide more effective solutions to a wide variety of
problems, While decision makers and forecasters must continue to do
the best they can with what they kave, application of logic modes accord-
ing to specific utility may serve to optimize their position in the near
future, 2nd indicate directions for systematic improvement,

No infefence need be drawn that these findings are considered to be
revelations, They a1:e merely an explicit presentation of what most
decision makers, researchers and forecasters appear in fact to be doing.
Nor is this something to be surprised at; such a flexible combination of

logic modes is cne definition of the Scientific Method; (Ref 26) it is also

8 definition of the Syztems Approach, (Ref 27)
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1V, THE PROBLEM OF RELEVANT FORECASTS

The problem of relevance is even more general than the problem
of reliability. Where reliability is a function of logical coasistency a=3
the validity of premises, relevance is the relationship between two
fundamentally different types or realms cf knowledge. The division is

between concepts dealing with matters of fact and matters of valve.

{Ref 28)‘ Many of the difficulties encountered in forecasting may be traced

to a widespread misunderstanding of the differences between these two
realms of knowledge., The effect of this misunderstanding is that it lezds
forecasters to select and apply assumnptions and methods which are in-
appropriate or only partially appropriate to the nature of their problem.
This results in low power of prediction for exclusion of significant ele-
ments, and progressive decay in predictive power over increased time
ranges. Today, it would appear that problems of realm and relevance
are among the most difficult of the barriers being faced by forecasters,
planners and decision makers.

Problems of realm are not easy to handle. They derive from some
of the oldest and hardest argued areas of organized knowledge, having
formed the basis for dividing philosophy into separate branches, This _
study will only attempt to illustrate their nature, establish a theoretical
model for compact depiction, and reference some of their results in
recognizable problems, This may serve to alert forecaeters, planners
and decision makers to some of these deeper barriers and the conse-
quences to which they may lead., In later sections a few tentative
approaches toward reducing them will be outlined,

The overall problem of forecasting has been identified as belonging
to the study of organized knowle&ge. or philosophy., The discussion of the

previous chapter comes from the philosophical divisions of enistemclory

and logic. The former deals with the origin, nature and limits of
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kaowledze, the latter with reasoning and the problem of validity. In this
sectica, it will be equzlly apparent that problems of realm are concerned
with exntslogy (the nature of reality), axiology (the nature of value and

" worth) and the two major divisions of epistemoloay (realistic and

idealistic). _

The specific and techni;:al terminology of metaphysics, which
includes theae divisions, will be avoided as much as possible in this
study because it is not a treatise on philoscphy as such. However, it
ghould be noted in paegsing that the stuay did not leap into this area by
intuition or whim, but was led to it through interrogation and analysis of
the problem at hand, which is the theory and problems of forecasting.

It 06 hzppens that metaphysics and its various divisions are the areas of
inquiry most relevant to the task, '

It should also be noted that the term metachysics does not refer
solely to religious or mystical absolutes, but rather to the broadest
categories izto which knowledge may be divided. As already mentioned,
these broad and basic problems are no longer reserved to philosophers;
their symztoms lie within every forecast and on every executive's desk.
Furiker, mmosat of us now have access to many times the information
avzilable to the meztal giants of the past, In order to organize and
utilize such a volume of details, we must be able to synthesize them into
the big picture." Metephysics is nothing more than a determined and

continuing effort to get the big picture.

1. Reality end Petartial Renlity (Figure 11)

In ages past, only philoscphers argued about the nature of
reality; tclay the gzme arguments are heard in symposia among thoroughly
practical forecasters, ecpecially those problems concerned with the reality

of fuiure time, There are endless deflinitions, ranging from predestizaticn
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to complete volunteerism. For the purposes of this study, philosophical
argument will be sidesterped in favor of Webster:
- Rezlity: the quality or state of being real.

Real: (1) existing or kappening as or in fact; actaal, true,
objectively so, etc.; no*: merely seeming, pretended, imagined,
fictitious, nominal or ostenaible, (6) in philosophy; existing
objectively; actual (not merely possible or ideal).

Tkis is8 a very interesting definition, the more go for the unusually
large number of negatives it includes. It tells 2 great deal more of what
reality is not than it does of what reality is. For instance, rezlity is not
merely the poss:ble. * However, unless the future is towlly predeter-
mined (which makes forecasting. pl:mnina and decision making rather
useless, as geen in fatalism and determinism), it must be viewed as
variations of poesibility or potential, Therefore, reality does not include
future vime. |

An additional distinction is drawn between "the real, " and 'the
ideal. the seeming, pretendéd, imagined, etc,’” This implies that reality
is neither what men imagine (or believe) it to be, nor what they might
wigh it to be. Reality is something a2part from and independent of cpinion.

With these obser-vationa, the above definition will be rearranged
by a syzthesis of implicaticns into the followizg:

(1) PRerlity is the condition cf actral existonce; that which
ig or was true, re~ardizsg of buman oninicn, evalvition ez
b"llus.

(2) Pctentizl Bezlity is ‘*? s»cctrum of possibzlmes
vhose co:‘:a-:::‘.;c*w or permuiniicns are enTable of coming
into reality throuch the g::ssaﬂ cf tirne, Its limits are those
of nztural laws, kpovwa or unlk:novm,

From these definitions, it may be seen that the nature of reality is
fixed; that which is or was true can ro longer be changed. However;

since rezlity is independent of human opinicn, evaluaticn or belief, thes
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may be changed either toward or away from an accurate reflectica cf
reality., In other wérds, human opinions may be changed throupl reizter-
- pretation and reevaluation of the present and past, but the reality itself

. may not be changed., (Ref 30) A

The second of these definitions implies that the nature of potential
reality is parametric; tkat is, the future is flexible within limita., Witkin

TN I

AN T

these limits -~ known or unknown -~ decigion and the actions based ca
decisionanay alter that which comes from potential into real over time,
However, decision and action also rec_;v:zire an interval of time in which

to operate; therefore, the mear future will be less flexible than the more
distant future, -(Ref 31)
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In addition, human actions are coanstrained by lack of knowledge.
A3 knowledge increases over time and becomes morc reliable, the range
of known alternatives and thus of action will also increase, This will act

to make the limits of expectable rezlity expand over time. The more

closely present knowledge is aligned with present and past reality, the

more closely expectable reality will align with potential reality, ard the .
more reliable forecasts will hecome, - . o

Finally, as will be recalled from earlier discussions, forecasting
does not deal with reality as such, but with human cpinion, evaluation
and belief, All that is known of rezlity; past, present or potential, is
still a matter of organized human knowledge. Therefore, reality is out-
side the forecasting frame of reference, but is atill related to it, On the
other hand, expectable reality is forecasting's frame of reference, and

that portion of potential reality which it overlaps is the area in which

knowledge or the lack of it can actually influence what dves or does not

come into reality. It is in this latter area that human actions may con-

- it AW DA e P R T
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sciously direct the course of reality, and it is precisely this relaticnchip

between reality, potexntizal reality end cpinicn from which the problems of
relevance and realm arise,
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2. The Realms cof Knowled=ze: A Model
As inchcatod by these definitions, opinion and reality may be

entirely mdependont of each othez, However, opinion may be aligned
with past or present reality, while potential rezlity may -- within limits --
be aligned with opinion. Such observations are suggestive of a vectoral
model, with alignment shown as parallel vectors, and independence

shown as orthogonal vectors, Between these axes will lie a vector space
composed of various mixtures of the two, This is the reasoning behind
the model illustrated in Figure 12, Discussion is as follows,

, 8 Realm of Realism

Realism, (1) a tendency to face facts and be practical
rather than imaginary or visionary. (3) in pkilososhy, a) the
doctrine that universals have objective reality; opposed to
nomiraliem,. b) the doctrine that material objects exist in
themselves, apart from man's consciousness of them; opposed
to icealism,

In this definition, "factc " would gppear to indicate evidence inde-

. pendent of opinion, and the two doctrines in philosophy both imply reality

as we bave defined it. To '"face facts' might be restated as to 'align
opinion with objective reality, " The:efore. we will again simplify the
definition:

Bealism is th2t noztion of or~anizad knowledse dealing witd
facts; l.e,, With eniliing, 1 “ieg o mticnshins which
may be ghorm to exis? rertrdless ef hurson oninion, evaluvation,
or bzlick,

All schools of "objectivism' or the ''objective approach' belong to
this realm, Their primary viewpoint is that of the dispassionate outside
observer who describes, explains and projects, but does not evaluate
subjectively, Field theory, of course, places the observer and observed
into the same context; however, since it was develéped in the natural

sciences, it still maiztains hie dispassicnate orientation,
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Objectivism has great value in this realm, which includes mbst of .
the physical and biological sciences. A planet, machine, missile, elec-
tronic field, chemical combination, microorganism or ecological system -
can be shown to cperate according to certain principles, regardless of
what men may think or wish. Opinions which misrepresent these princi-
ples (do not align with reality) may be submitted to the higher authority of
empirical evidence and demonstrated as being in error. Differences of
opinion between individuals and between competing hypotheses also have
such higher authority available., It is largely because their subject mat-
ter has bevon restricted to reality as independent of opinion that disciplines
representing this realm have been developed far beyond the others, Any
subject which actually falls within this realm may become highly predict-

able once its fundamental principles are known. This is why an emphasis

.on strict objectivity has become a norm for sciences dealing with realistic

problems; fancy, bias, wishful thinking and speculation are disutilities; .
only the factual evidence is authoritative. Thus, the goal of realism is
to discover, describe, explain and project these natural properties and
principles, *

The point at which know;edge of natural principles is utilized is
precisely where realism ceases. How such knowledge is to be used -~
for what purposes and to what ends -« involves questions of human value
and preference. And human values may be erntirely independent of
rezlity, designed to change zather than reflect it. This leads us to the
second realm of knowledge,

b. Realm of Humanism

Humaniem, (1) study of classical Greek and Latin
literature or culture, (2) study or teaching of the humanities;
" literature, language, the fine arts, philosophy, etc., and
(3) any system of thought or action concerned with the interests
and ideals of pecple, as opposed to the natural world or religion,
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Of these three definitions, the first is obviocusly inapprcpriate,
and the second has been so limited by convention as to be inadeguate,
The third, however, is much closer to our need, For the purposes cf
this study, it will be expanded slightly and generalized as follows:

Humanism is that portion of orpganized knowledre dealing with
values; i,e,, with entities, prcperties and relationshins which
owe their existence entirely to human opinicn, evaluaticn, or
belief,

Many of the social sciences and humanities deal with subject maiter

that falls within this realm, and although most of them might object to
being included in an 'other than realistic” category, their subject matter
is not realistic., Therefore, the indicated viewpoint for research in this
realm is that of the involved, subjective cbserver who perceives reality
imperfectly, but nevertheless attaches values to nearly all he perceives.

' This viewpoint is an operational necessity for the study of values,
becarse one of their primary characteristics is relativity; they depend
on many subjective points of view, The worth of a coin, painting, mode -
of reasoning, or "way of life, ' the value of a perso;z. political party, or
nation, even victory and defeat can be shown to vary from individual to
individual, culture to culture, place to place, and time to time. Through-
out this realm, some people will love what others hate, seek what others
shun, and defend what others attack,

In all of these, one pattern is evideat; men and groups of men do
perceive and evaluate in differing ways, and there is no higher authority
for what they believe than the men themselves, We may assert what we
think they believe, but this assertion is our own and not theirs; we may
postulate what they value, but we must go to them for the evidence to
support our postulate, (Ref 32)

These differing patterns of perception and evaluation set the divid-

ing lines between in group and out group, we and they, friend and foe.
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They establish and maintain the existence of such humanistic entities as
families, facticns, partiea.‘.natioaa. ideologies and religicns, None of
these centinue to exist when people cease to value them and idexntify with
them. To state the case more sharply; the nation-state is not a biologi-
cal organism nor an expanse of geography. It is a humanistic entity,
resting on the aggregation of human beings who identify themselves with
it. lLacking this one factor, the nation dissolves and ceases to exist
except in the history books, ‘

It is also along the dividing lines between s:ch humanistic entities
or action groups that conflicts develop. Tkings do not conflict, they
simply ccoform to natural laws, It is the interests, ideals, values and
goals of human beingﬁ that cenflict both with natural laws and with each
other. ‘We have found by trial and error that one cannct forecast world
conditions as he would plane;hry motions and then deduce future conﬂ_icts.
The causes of conflict lie in patterns of human opinion, evaluation and
belief; one must project these patterns, infer impending conflicts from
them, additionally infer the likely outcomes of such conflicts, and from
these deduce the future condition. Forecasting of conflicts thus requires
the humanistic approach, wherein one seeks for understanding of others'
perspective. The researcher must be able to immerse himself in the
specific point-of-view of the group he wishes to study. There is no
higher authority for what a given group of.pecpie believe than the group
itself, and what they believe may hold little correspendence to reality,

There are, of course, many hazards to the humanistic approach,
and many difficulties, some of which will be discussed in following sec-
tions, One of the more notable hazards is that a researcher's immersion
in another peispective will be neither tentative nor operational, but per-
manent, People who study the problems of ethnic groups and cultures

kave a tendency 10 80 accommodate or identify themselves with the values

80

RS S S i ——— s

TS w2 s otk s+ o s et P AR T USG5 A B A Y B e e i At et e et e n e n

vty 0t




i e o L R 0

et s et e e L T
B 2 oA D AN

of the group that they become partisan advocates rather than rezearcizss.
ihis may be seen as an inversion of the Heisenberg principle, wherein
ike field to be observed acts to distort the sensor.,

The operationally subjective approach may be illustrated by cur
expansion of the third definition of humanism. This was done primarily
to include the question of religion. Without becoming involved in debate

as to the essential reality of God -- however defined -~ we must attemz?

to ascertain the various concepts of God held by different groups of pecrle,

This is because the diifering conceptions of God, of the nature of man, of
time, and of reality itself are humanistic images which act to corditicn
subsequent patterns of perception, decision and action, While the images
may be totally unrealistic, the patterns of action are themselves immi- )
nently real and do alter the future condition. It is just such patterns of
decision and action that we wish to forecast; thérefore, we must study
what specific groups of people believe, and what they value.

The basic consideration of this discussion «~ and the line of reason-
ing which led us to a metaphysical approach -~ was the problem areas of
forecasting, At present, forecasters are doing relatively well with
everything except hurnan behavior, and especially the bekavior of large
groups. However, these problems comprise a major portion of their
subject, whether this is economic, political, technological, military, or
sociological forecasting, It appears the largest gingle subset of ocur
problems, and presently the most difficult to deal with, falls into the
humanistic realm. (Ref 33) _

I In order for ﬁi:ademic disciplines, research and forecasting projects
whose subject matter includes factors influenced by human opinion, evalu-
ation or belief to attain predictive power, application of the scientific
method is indicated. However, the nature of the realm must also be

taken into consideration; here, what people think does matter, whether .

[N
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" people l;old and what they value; it must also attempt to ascertain the

} azd deeigned to include .u such ccncepte as norm, normal, normality
ead nermatlve. ‘All of theae refer to enndardn. models, patterns,

_ eomething with such eta.nda.rde We define the term as: R .

: iw&n values and facu, i. L., mth what og_g!lt to be. and what

«ucting to e.lter one to the other. ' 'l‘wo buic typee of normaliem may be

’ dic;meimte reality. and whose mean- is hctual ‘education from present
or past evidence, end (2) idealiem. whose gcal is to a.lign future reality

) An c£ theae ectlvitiee involve both problemu of value and probleme of fect.

- &eir epiniem are reahatic or mot. ‘It will do little good to rely ona ' .
o purely realistic approach, because the. ‘subject matter is not purely real- '

————

fstic, A humanistic approach must be designed to find out what beliefs .

likely consequents in behavior which the holding of certain beliefs would
imgly. It is at this point --in the pe.ttem of human bekavior -- where
eubjeehve tmagee and values impact on reahty.
e. Area of Normalism .
There is no nch word as "normahem;" it is derived from

e::pected or preferted va.luee. etc,, and the process of confotming

: ']Normlism is that gortion of orsanized lmowledge dealing with

. - actually is. .
In terme of thn model. normaliem il repreeented by the vectbr
epace between realiem e.nd hnmaniem. comming elements of both. and

defined ae, (l) ob;ectivi whooe goal is to 'angn human opinion with

vith hnman valuee, end whoee meanl il normetive edncation. pereuuion

P SRS

or pzescription deeigned to alter the pauem of human behavior.
Such etudies as public edn.iniztraﬁon, corponte ‘management,

) development end welfare eceaomice. military tralnihg and standardiza-

tion. ethicl and religion all deal with normaﬁve probleme. So do the

i pncﬁee.l technologiel of pnblic. corporate. miliury. prdeuionel and

personal torecaeting. planning policy formulation and decieion making. .
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On the one hand, opinione which are as ai-puaiomu end objecﬁve -
as poseible are required for a realiet:c eppreild of ;uihble means. .
techniques, methods, capabilitiee and reronrcee. . On the other. the ends
goals, quotas, ideals, aspirations and ehndarde wlnch theee efforte T

attempt to meet are not designed to deecrxbe rea.lity but desirable future
conditions, Evena "realietic“ goal doee not exxet in diepaenonate - |
reality, but in human minds, It is considered realistic only beanee an
eppraiea.l of capabxlitiee has mdicated it ie conceivably atuinable. v
"dealistic" goals are those which do not appear to be attainable, -

In the area of goele. being objective ie not euenﬁel end may well | .
be a detriment Human values are being eought, whether these peruin ‘
to an individual or a composite {corporate) enﬁty. Such concepts as
corporate product, national interest, pubhc Eod. minmn enignment
and party platform are neither diepaeeiona.te nor objective, they are
human values and individuals included in theee gronpe are expected to
pureue them ee their own, or in preference to their own. Systeme of
rewards and punishments are designed to inlure that mch is indeed the
case, In this context, there is no funcﬁonal difference between a church
doctnue. 2 national poliey. e ltandard ot profenioml ethice. a company
policy, end a pilot'e checkliet' they all direct lmmen bebevior townrd the
attainment of some concept of poaitive va.lue or tbe evoidance of its
oppoeite. They ell reﬂect eomething that eomeone wante. .or wants done,
. Disciplines and activities whose eubject matter includel both human
and natural factora are much in need of development toward predicﬁon,
but again, the nature of the problen: must be taken into eccount Endes,
goals, aspirations, ideals and needs -- all of \vhich mey be clnetered
under the term demand ~-are humanistic and require a hnmenieﬁc ap-
proach. Means, capacities, capabilit:ee end relourcee - which mey be

subsumed under supply ~- require e reelietie appreieal. kclueion of
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: eithor approach when a problem eomblnes elemente of both realms is the

primary problem of realm, It leads to wea.k prediction for exclueion of
ligniﬁunt factou. and to inaccurate planning. inadeqnately bued deci-

~ sion, and potential failure of onboequent actions. Some epecific enmples
" of such causal chaino will be diccuued in the next aechon.

3. Problemo of Realm
m | Problem- of rulm result from mieunder:tanding the euenﬁal
nature ot one'e problem or its elementt. in termo of the relative causal
i.mpact of homan opin.’:on, evaluaﬁon or belief. They lead to misapplica-

' tion of efiort and recourcec. baeed on auumpﬁom which are not relevant *

to the problem. Coneequent.ly. power of predicﬁon and explanatlon are
poor. Thil inr.lzutel the firet problem of realm fs to recognize that such
s problem e:m.. and the first technique is to interrogate one's original
problem l.long lines of cauulity to determine which elements depend on
lmman factora and which do not. Once this is done. the relevant approech
may be applied to each aubeet. o '

a. Reelictic Probleml
‘l'here are three dlvieiona within this class of problems;

(l) those luving to do with physical laws, known or unknown, (2) those
dealing with biologiul factors, and (3) those which concern ptot or pres-
ent lmman behnvlor. : ‘
o (l) theica.l Problems are easily recognized as indepen-
dent of humon opinlon. It is not difficult to see that the humanistic
approach of otndying wha,t variouo groupe of people believe is irrelevant
to euch qneltions as whether the earth is round, whether heavy bodiel
fall iacter thcn lighter ones, and whether llght is composed of waves or
porﬁclee. Chemlcd reactions do not depend on belief, nor do such phe-
nomena ae lolar cyclee, earthquken, volcanoes, tides, floods and winds,
Studiel directec_l toward the principles of mechanics and the various
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energy fieldn pose probleme of thil claos. ‘Mathematico io a realistic ‘
v'diecipline in this sense; it is 2ls6 mdependent of opinicn. 2x 2 =4 wbet’eer

you like it or not,

~

'f".. (2) onlogi—al Problems derive irom attempta to under-
‘stand the structure, functxono and parameters of living cyltems. From

the virus to the bodily processes of manhmi. they ore realistic in nature,

" At that Ievel, the border between phyeial ond peychonomatic iliness is
also the line between realiotic and bumanistxc problemc. A man who lacks
_.adequate food, water, oxygen and warmth will d:e no matter wbat he

thinks, Ecological systems are not independent of lmman action, but they
are independent of human opimon. 'l'hey obey tbeir own lawo. which man
may learn and apply, but may not violate withont experiencing the neces-
sary consequences. Food production is a biologica.l problem' it depends
on the characteristics of living systems, So is dioeue. with ito sub-

- problems in sanitation, medicine and hygiene. Air end water pollution,

and the accumulation of atomic waste, are la.rgely withm this division,
due to the biological requirements of the human organiom and those upon
which it depends. The population explooion, on the other hand, is alsoa
humanistic problem, dependent on attitudes tmrd birth control and

- ideal family size. Where not dealt with on thil level. it reverts toa

biological problem of survival, - :

' (3) Past and Present Human Behavior isa reolietic
problem only because man is incapable of actually oltermg the past.
Huma.n actions are real once accomplished and thul prelent the same
sort of evidence as phyoical or biological phenomene. It should be noted
that the subject matter of behavioral psychology is oction, not opinion.
The present overlapping between biological and behoviorol otudiel is not
surprising; they deal with the same class of problemc. Opinions which
have not yet been acted upon do not prenent evidence in rea.lity. ond the
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g '%ehavioral school® confines itself to realiotic evidence. So long as one .
E 'only ash what people actually did or are doing, the realistic approsch

ii - is 1udicatod, cuce he asks why pecple did something or what they will do T .
%’ S im !’utnre. the humanistic approach is more relevant, :

é} R 4 Cambilitie s is a term that subsumes many realistic
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ptoblemt. ~ The implication is that capabilities are limiting or enabling
ptumo-t;ro. natural rescurces or constraints. Economic resources,
capital goods, industrial capacity, population, area, and such "natural

endowments" ’are seen in this category. So is military posture -- number -

of men mder arma.. pumber of guns, ships, tanks, planes, minilel. ‘
nrheado. etc, "National power" has long been studied through realistic
appraisal of capabilities, and insofar as these are independent of national
ﬂeﬁﬁon:. ‘the approach would appear sound. Many nations are capability
Limitsd no matter what they might wish to do; others are so limited only
in certain areas or directions. As an aggregaﬁon of physical, biological
and paot behavioral factor-. study of capabilitie. relates to the supply

 side of mny.demnd-oupply oitoationl. 'Search for information on capa-
bilities follows from the question: "What could we {(or tﬁey) do?%

" In summary, the distinguishing feature of realistic problems is
thcir independence of human opinion. The oubjoctl of phyoica.t and bio-
logical science fall into this class by definition; past and present human
behavior does 8o because what has been done can no longer be changed
by wishing it otherwiso. The future condition does not fall into this class
of oroblo'mo. hmver} for two reasons. First, although natural laws
will continue to apply. they may be man.ipulated through man's knowledge
of them; and oecond. the future human bebavior which includes such’
m&nipulatlon depends for its patterns on humanistic values, ideals, per-
ceptions and beliefs. Thus, only those conditions which man cannot be
expected to do anything about within the forecast boriod may be projected
on a purely realistic basis, |
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b. Humaenistic Problems . : PRI o
In the realm of ideals, valuec. prelcriptiont a.nd norms.
. what people think does matter, and through the medium of human acﬁcar.
these intangible factors do influence the future. Any quection that in-
cludes the words “should, " "worth, " "cost, " or “nsk“ is likely to fall
into this lass of problems. Such questiom do not refer to reality, but
—to opinien. They do not ask what is, but what cught to be, or what value
is to be placed on something. Here, the realistic approach is _i:ot rele-
vant. People will act as though the earth were ﬂaf --bj fefuﬁiﬁg to
- /eature out to the imagined precipice -- 80 long u they believe it is.
They will stand and fight or turn and run, work or loef. build or destroy,
depending on what they think is so. Men will kill for an ideal nnd die for .
& dream. Any approach whxch diocountl such factor- or merely assumes
all men will react identically in similar conditiona can neither explain
the past nor predict the future. Difference of opinion makes more than
horse races; it also makes ethnic groups, political perﬁel, nations, and
the entire spectrum of conflict and coopexzation. E ' u
(1) Problems of Evaluation belong to thh chu' the
assignment of values is a peculiarly human function. We note that even
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in sophisticated computer programs for analysis of altemtivel. the cost,

-
»

risk and worth factors must be entered by human op_etator:. The entire
field of ""cost-effectiveness’ implies the relativistic questions of this
realm, "Cost to whom, in what terms, compared fo what other values,
and effectiveness at doing what?" Problems of evaluation are now being
faced by decision makers and forecasters in all areas; the applicetion

A man ety cd v s e

and allocation of science and technology, economic developzhent and vel-

R 2

fare, industrial management and ‘market forecasting, military mission

L3

and force structure planning, international and domestic policy, and , g

N structuring of party platforms --to name only a few. § ' 3
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" In all of these,. problemo of eva.lua.ﬁon are seen as the demand lide
d every demand supply situation. "What do we (they) want?' And
demands rest squarely on the psychology of human values, either indi-
vidual or group. This is why the social sciences which deal with clusters

- of human values are in accelerating demand; decision makers want im-

ptevesljnforﬁntion on problems of value, their own as well as others.
What the leaders of the Soviet Unian intend to do with them may be more
important than the number of missiles they actually have, Such problems
are no longer purely philosophical or academic. Values matter.

. '(2) Problems cf Preecripiion are those which involve what
should be done, Seque:iﬁa.lly; they follow problems of value. since what
should be done depends on what one wants done, The problems of man-
agement, command, and executive decision fall into this division when
statutes, standards, procedures, ethics and policies must be defined.
g_ntgiaaﬁon of bebavior is a synoaym. While nonhuman systems a.llo
lhow the chancteriltics of optimiution. f,e., a standard reference with
pooitive and negative feedback, the diatingnishing property of humanistic
optimiution is that the central reference is a value-judgment. All such
oyetems are designed to feed back rewards a.nd punishments to increase
the mndard value-judgment if it is posiﬁve. and to minimize it if nega-
tive.. These are seen as ideals or goals and steering signals for behavior.
lfrone'l problem is of this type, he must have information concerning both
the ideal or goal, and the value patterns of those he would influence,

The area of influence is a special case; prescription of values,
Here one attempts to control hot only what others do, but what they value.
Norinetive education, enculturation, indoctrination, socialization, adver-

. tising and propaganda fall into this subclass. This is the manner in which

m".: eecred nature (religioﬁu or ideblogical) of persons, places, objects
and concepts is endowed from generation to generation. So is bigotry,
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prejudice. fatnlicm, ethnic hatreds and the seedl of iutnre violance. B
The value of "ingenuity" or innovation is oigniﬁcun for iorecaeﬁng the
technology of any given society, The worth of time, of maintemce and
repair, of blood kinship versus the public good, and the value of party
loyalty all hold imphcationa of attitude and :ubsequent behavior. The

‘ definitions of such terms as integrity, patriotism, _ggreuion. freedom,

e responsibihty. and progress in various cultures or nations are vital for
b forecaaﬁng. For instance, normative education may be accomplithed by
so framing definitions that the desired conclusions follow from them,

The Dict:onary of the Russian Language states:

Aggr ssion is the armed attack by one or several imperialist
countries against other countries with a viewvto the occupation

of their territories, their forcible subjugation, and the exploita-
tion of their peoples; the foreign policy of which it is the principal
instrument, for example; the Atlantic Pact of 1949. (Ref 34)

In forecasting relative rates of population increase. the hummiotic
variable, ideal family size underlies birth rates. population expansion,
load on education, food requirements, domestic labor force, housing
demand, ecoiwmic and social unrest, and the mmiber of men i.vailable
for military service. Factual knowledge of birth ccmtrol techniques and
the necessary devices may be supplied, but if the masses of people prefer
to have large families, the capability to limit them is useless, Thus, the

- steering point for population control is through propaganda, advertising
and demonstrations designed to persuade the peoﬁl_e of wh.at they‘ought to
value. Such tactics alter demand, “ " |

(3) Intentions is a term that encompasses many human-

istic problems. It refers to both ends and preferred means, i.e., to
ideals and ethics. It excludes considerations of capability. in that it
implies what a man or group would do if they could. National policy is as
much a matter of intentions as it is of capabilities. In the current
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in‘tc_srhaﬁonal enviionment, some nations -=- notably the tinited States, | but

including some others --appear to be intent limited. They cl_zoobé to
refrain from doing what they are capable of doing, In faét, the entire
ccncépt of limited war is based on the intention of self-restraint and
utilization of less than full capabilities, It follows from .a particular set
of ideals and ethics. On thé other hand, invasion and ingurgency are
symptoms of another sort of intention, based on a.’differelnt set of ideals
and ethics. It would be very difficult to forecast U.S. actions on the
basis of capability aloue, .It would also be difficult to forecast ¢hina'fs
actions on that tasis, since the past behavior of the govemmentbimplies .
that idealistic considerations have at times qupersedeél realistic ap-

: praisals, Thus, foreuatiné the onset of hostilities, analysis of potential
't threst, identification of military missions from strategic to civil action,
allocation of rescurces, and programming of supporting rescarch all
depend on what various groups of people believe, This is the canaa.l line
of demand and of relevance‘; pizy:icai science and technology may ﬁen :
furnish the indicated Ssupply line, to the limits of cﬁpabﬁity. The came
lines also apply in economic, political a.nd social problems, |

i3 ¢. Normative Problems .
The nature of normative problems is to combine in one
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context both natural and human forcing functions or causal factors. The
great majority of current forecasting, planning, and decision making
activities appear to contain various mixtures of the two under one or

B

another of their many synonyms: demand and supply, intentions and
capabilities, ends and means,' attitudes and abilities, golici and power,
In all of these, both realms must be taken into account. (Ref 35)

In'a normative problem, exclusion of thé humaniaﬁc or demand
factors makes it impossible to ascertain the relevance ‘of any givén capa-
bility or proposed capability. What happex'u is that paét‘ or present .
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demand (national policy, mission concepts, markst preference, etc.),

is assmed as constant and capabilities are designed to meet it. When

people change their minds, demand changes, and"capabﬂiﬁeﬁ become -

irrelevant., The result is capability which is available but no longer

needed, and capability which is now needed but not available, Being pre-

pared to refight the last war or solve the last depression are cases in -
“Poimt, | . o | S
On ﬁ_xe other hand, failure to consider the realistic or impply factors
makes it impoadible to determiineﬂ the practicality of any given ide@.}.i, goal,
plan or intention. When decision 2nd action are based on idealistic con-
siderations alone, it leads to catastrophic failure for lack of capability,

and loss of opportunities through failure to apply existing capability. The
“charge of the light brigade, " the ''great leap forward' in China, and
the Japanese initiation of World War II, are examples, .

Thus, in order to iorécast, plan, or decide when faced with a
problem that includes both human and natural causes, one must differ~
entiate it into subproblems in order to apply the relevant approachee. If
he does not, the alternatives are likely to be irrelevant and thus useless
capability, or impractical and thus useless ambitions and desires,

Differentiation of problems by the causal nature of their elements
follows from the question, "Which parts of this problem rest on some-
body's opinion, and which do not? " The second question for humanistic
elements ia, "Upbn whose opinion does it rest?’ Although this is a
specific operation best accomplished for individual problems, a few
examples of typical clusters may be given. '

(1) Any Application of Science of Technology is a2 norma-

tive problem. As long as studies are pursued solely in order to explain
natural properties and processes, the probleme are more nearly real-

istic -~ although even the desire to pursue knowledge for its own sake is’

91




PINL WA e s e

IR T I eoane

a'value-judgment. However, once one considers the agglication of knowl-
edge to further some particular purpose or achieve a goal, human values
enter in force, and the problem becomes definitely normative. The pur-
pose or goal takes on the character of demand, while knowledge of
natural laws becomes a means of supplying that demand. Again, demand
sets the direction of effort, and supply determines the likelihood of suc-
cess in the terms given. &

One of the characteristics of natural laws is their ambidexterity;
knowledge of their principles may serve a variety of human values. When . .
a group of people understands how to manipulate nude#r reactions, they
can apply that knowledge to light or to destroy cities. Biochemistry can
furninli fertilizer or nerve gﬁ.c; a people who have developed helicopters
can use them to evacuate flood victims or to fire rockets. Even a ham-
mer may be used to build houses or to smash skulls. In every case
involv;ing the application of science or technology, what is actualiy done
with a given capability -~ aﬁd which capabilities are pushed for develop-
ment -- will depend on human values. Conversely, the degree to which a
given value is satisfied will depend on capabilities. ‘ :

(2) Technological Forecasting is euentialiy a normative
problem for exactly the same reasons, However, much of the recent
emphasis has been on extrapolation of supply trends -- production and

capabilities, ‘

There have been many books and articles writteﬁ concermng t';he
impact of technology on iociety. but relatively few on the theme that
human values direct the course of future technology. (Ref 36} 'Both
appear to be valid, What is the future of medicine in a lociet‘y that does
not value human life or considers discase the just punishment of a man's
sins? How can birth control techniques be disseminated to a people
whose older members starve if they do not have numerous -.;i:udten to B
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" new techniques or tools follows widespread recognition of need. Supply

YR

support them? Does an advanced space program depend more héavily cn
technical possibilities or on budgetary levels conditioned by sodety‘s
wxlhngneu to spend tax money on space exploration?

Even when watered down to the level of desire or fancy, necessity
is still the mother of inveation, and unneeded inventions are often left
behind like motherless orphans until a need for them becomes apparent.
Like the electric automobile,

This does not imply that forecasting technical caplb:litiel acd the
potential supply of future technology is useless; on the contrary, the real
limits must be known. However, it does suggest that decision makers
may expect only parameters and possibilities from this approach, and
should plzce less confidence in projections of future reality that ignore
the direction-finding side of demand.

We observe some patterns in the evolution of technology which may
assist in refining supply extrapolations. In those situations where devel-
opment of technology is slow or stagnant, supply and demand are roughly
equal, This does not mean that people are happy with conditions, but
that they canrnot afford to change without assurance that new techniques
will improve their lot. Also, if advanced techniques are supplied by
innovation or transfer, they are likely to be rejected for lack of recognized
need or demand, This is why ridicule is often directed at early imnovators,
and apathy is found in many attempts to transfer technology to under-
developed areas; people do not see the need or value of the new ideas.
Thus, before technological change can be forecast, the attitudes of the
recipient population muat be studied. Dissemination and utilization of

cannot by itself create demand: people must see its value for themselves,

or be led to see it through advertising, propaganda.' or demonstration.
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(h the other hand once demand for technology does begin to in-
crmo, it often does so far more rapidly than lupply. ‘This is because
demand is a mtter of perlonal opinion and evaluation -- it may clmnge
inlhnt&neoutly in the mind of any given person, or sweep through a
aociety accordir.g to its rate of communications and openness to new
idzu. Supply. however. is a matter of production, capabilities and
rescurces. ‘l'hese change more olowly. Even when the deoired com-.
modity is- technical knowledge ouch factors as the training of teachers,
construction of schools and the time requred to transfer technical knowl-
edge by edncation or demonltntion all add delays to the mpply response.

 As technology evolvec and supply continues to increase, the demand-
supply situation may again approaqh eqnilibrmm. The symptoms are now
thoce of elastic demand: people can pick ‘and choose between several
means of doing the same thing, several typel of equipmenx, oyctems. etc.
. Thus, as supply of technology increalen, the problem becomea Propor-
_tionately more humanistic, 'l'hia is wny mny technological forecsstl now
show the characteristico of odvertising. domand for the product is elastic,
Such forealu preoent decilion makerl a.nd potential customers with a
range of future goods and services among which to choose. The future
" zreality (and the future well-being of the producor) depends heavily on the
choices and thus on the value-ctructure of the consumer. From consumer

_reaction to such forecutl. producou may plan or ‘replan their supply

policies, This is oné form of social science or humanistic research -- its

goal ir to ascertain the values of certain groups of people, *
{3) Military Mission Identification and Analysis, force

" structure sand policy planning, -resource allocation, and direction for basic

and spplied research programs all belong in the normotive area. Whena
commander spiaks of the "mission™ of his unit, he refers to the demand
it must attempt to meet. The pilot taking off on a "mission" is supplying
8 dpecific series of actions to accomplish a specific series of demands.
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The humanistic-realiahc combmatlon :nay zlso be geen {n ahe two

terms. Mission Identification and Mission Analyaia. The former deals o

" with potentizl demand for future tmumns, "What will we be res,::ited
to do?" 'How will these demands differ irom those for which we are now
prepa.red? " Mission Identification rests on the intentions of the United
States and those of varioua groups of people around the world, some of

which form national governments and some of which do not. Mlsﬂion _
. Analysis, on the other hand, requires that demand be given or assumed
. (present national policy, tactical doctrine, commander'l estxmate.

scenario, etc.). It then concentrates forecast and ana.lysn on supply == |

capa.bxhtxes, resourceu, forces in bemg or proposed, etc. --for the
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United States and various other groups. The operational question is,
"What can we (they) do? (Given these intentions), " ’

{4} Any Allocation of Resources is also normative. One

et

cannot realistically allocate what he does not have and cannot obtain,
Neither can he decide how to allocate what he does have unleas he is
aware of where and how it is ﬁeeded or desired. Even the existence of

natural resources contains 8 humanistic element; the iron ore in the

[ VR VRN N N S 0 SR-FEY

Mesabi Range was not a resource to the America.n Indians because they 7

had no recognized need or demand for it. Neither was the oil depoaited i

under the continent, nor the veins of coal. g o
This normative combination is illustrated by a recent study con-

ducted by the Office of Water Resources Reuearch, United States Depart-

ment of the Interior, and published in their annual ‘report to the President, -

In the section entitled, Areas for Intens‘ified'Reaearch. it states:

The Panel finds, a8 did the Panel convened in 1965, a
significant gap in research in the social and behavioral
* scierces.... The ways in which pecople and institutions
perceive water and water problems--in the values assigned
T T to water, the uses they wish to make of water, their recogni-
) tion and attitudes toward solutions of water problems--will be
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resources are conserved and developed. Knowledge of the

properties of water, of techniques for planning, of cleansing,

of efficient utilization, of costs and benefits is essential, But ‘ : .
the degree to which knowledge actually is used is a function of

attitudes, (Ref 37)

Thus, drouth may be defined as a situation in which demand for water
exceeds supply, and flood a situation in which supply exceeds demand. A
dam which increases supply to meet demand in ore area may well reduce
it below demand in anocther. From this. point, the problem cften moves
into the political arena with actions in legiolatnre-. executive branches
and c mu_t.. - S S _ ) . .
(5) Deterr:ence asa Policy. Foreign or Domestic Aid.
Threat Analysis and Conflict Forecasting each combine two normative
pairs; the intentionl and the capabxlitiec of both actors or countries under
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consideration.

' The policy of deterrenéé is itself the intention to preserve peace
by neither initiating war nor allowing ancther to do so. '"Containment"
is a synonym. However, without the actual capability to wage war,

i deterrence is an idealistic dream. Further, the capébility to ‘wage war
. does not conform to ihis policy unless it is also intent-limited or self-
restrained. Thus, the country which would apply deterrence as a poncy
must be able to initiste war, but choose not to do so.

. ~ On the part of the country to be deterred, these conditions must be
H reversed. It must intend to initiate war, because if it is already self-

| restrained, deterrence is mea..ningleu. This is why Canada's capability
does not pose a threst to the United States., On the other hand, if a

b country does intend to initiate armed conflict or to advance its interests

Tr T o ARy At VLY B

rnk g ey, v

APk ke s ke b AT e @

_the ultimate factors dstermining the wisdom with which wa.ter , : .
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] , ' .
by destructive means, it may only be deterred if it also believes it is
" not able to do so, or that its own risk is greatezr than its potential gain, |
L This depends on its own perception of the other's resolve (intentions) ard )
: 96
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power to inflict unacceptable dama.ge (capabxlihes). The occeptabﬂzty of
damage depends on the value structure of the deterx:ed nation. Only
under t.hm combmatxon may deterrence be expected to hold.

Ka nat:on intends to initiate war, and does not believe in ite own:
vulnerability, in the capability and resolve of the deterring power, or
that it stands to lose more than it stands to gain, that nation cannot be

prevented from making the attempt.

 While the realities of relative capability will determine tbe outcome |

of war, humanistic attitudes and va.lues determine the onset -~ - OF its
avoidance. This is why Communist China does does pose a threat to the
United States, regardleu of relative capabxlitiee. the present govern-
ment of Chxna gives evidence it has based decision and action on ideals
and ideology without adequate consideration of realities, The catastrophic
failure of the ''great leap forward, ' and the "cultural revolution" ohow
this characteristic; so doea‘ the "red before expert" policy of education
and promotion, The rea.lity' of deterrence --and thos oi conflict - - rests
finally on the psychology of the nation to be deterred. o ,

A parallel problem is found in foreign aid and urban renewsl; on
one side, assistance requires both the desire and the ability_ to help; on
the other, it requires both the recognition and the reality of need. The
ability to aid does not lead to action unless accompanied by the desire;
the desire is useless without the ability, Assistance is unxeal if only
directed toward what people think they need and not toﬂvard what they
actually need; this is the area of waste in aid programs. Conversely,
even massive assistance directed to real needs is likel to.be rejected
and resented if that need is not recognized by the recipient. (Ref 38)
Unasked-for aid is often self-defeating because the reeioient views it as
a covert threat or bribe, Thus, in order to help lomeone, you must

know what he needs and also what he values; like threat, promise depende
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' knowledge in regard to the phenomenon called change. Clocks and cal-

haavily on the poychology of the recipient. So then. ‘do both damage and
aid, with their resultant conditions. ' ' : :
In sum, the reqnirement of all normtive problems is to ltudy both
reality and humanity; the proper study of reality is dispauionate fact;
the proper study of mankind is man, : ' :

V.  THE TEMPORAL DIMENSION

- The arbitrary concept of time, whether measured by oslendarl or
clocks, 18 not the true cantext of iorec_astmg, but only one of the fore-
caster's tools. The true context is huma.n knowledge, and especially
endars merely standardize our knowledge of one sort of change; the
motions of earth in relation to sun and stars. Thése measures were
borrowed from our knowledge d celeetial mechanics, and they are most
nlefnl. However, they reprelent only lmall windm in the infinitely
divisible continuum of relative motions, Because these ttandard. a.re
available does not necessarily ma,ke ﬂiem relevans to all forectating '
problems, Sequencet. lags, reaction times, geu}ntionv perioda. /ferﬁlity
spans, the lifo expectancies of men and zixechinee. learning rates, com-
.munication delays and paychological time may also provide pertinent
measures of change. :

Although any of these msy be reierenced to celestial motions,
eelection of unit is not & minor matter. If the temporal units employed
are too long, tbey will mask out significant variations in the phenomena
being studied; if they are too short, major underlying trends and accel-
erations will go unnoticed, Thus, it is the actual rate of change in the
phenomena itself which determines the relevance of temporal units, and
not the converse. The tool muet be fitted to the task. ‘
Examples ma.y be fourd in the phnning' cycles of several common

operetions, Military units in the field replan daily; in combat, they may
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replan minute-by-minute. Consideration of periods lchger than one yenr
is relatively meaningless due to outszde inﬂuenceu. and holdc very little
utility, However, the hardware development programs tend to operate
on one to five year plans. " This is necessitated by the sequences and lags
inherent to such activities. ) Daily replanning is often a waste, an un-
necessary burden. Planning for ranges longer than five years also
bicomes progressively inappropriate due to external‘i.nﬂuencel.“!'inally.
the basic research laboratories are forced to consider much longer
ranges because of the extensive delays involved in the induction and vali-
dation of new kﬁdwledgg, construction of experiments and test facilities,
etc. Fifteen to twenty year planning is not uncommon because it &ten
will take that long for a basic research decision to impact on subsequent
reality. . ’

As iorecasﬁng is implicit in all planning, the required range and
thus the required temporal units for any forecasting project will be
determined By the operatidn or activity it is designed to serve. Overly
short forecast ranges are not only wasteful of effort, they also lead to
the "backfize” effect, where a short run gain turns out to have been a
long run loss, Overly long ranges are mt common, but might be expected
to produce little of the specific guidance needed for short range operations,

1., Reference Systems: Static and Dynamic
Since all forecaoting involves relative motion or change, one of

its primary requisitet is a set of relevant and ngorouuly defined refer-
_ence systems, 'l'hia is because all motion is relative. and may only be
defined by its relation to some point, line, plane or field. Change implies
movement along a dimension, .or within a reference iyntem which incor-
porates several dimensions. Such a dimension must be assumed static
(latitude, longitude, length, distance), of known rate (éﬁrth'l rotation and
revolution, the speed of light), or of known acceleration (earth's gravity).
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Léék of predictive power may in many cases Be traced to underdefined,

iinappropnate or purely intuitive referecce systems. e S

" Until Copemmuq, astronomy tock the ear 'n as _ts refierence; the

‘result was poor predxctzon in those arcas mlar.eta.ry moticns) whcre it

'iﬁifs least appropriate., The cure for this weakness was not found in

further deduction or pre)ectw‘. on the basrs of exxatmg rLferences and

‘asaumptxons, but laboriouzs empirical sbzervation, synthests, postulation

and validation, The end products of this empirical inquiry were: (1) a new
ré!erence system, (2) a new und«:rsbnding of dynamics, aud (3) increased
power of pred.ctxon. L e

'_a; Static Reference va*ems are the f:rst requrement

because 2ll concepts of dynamics are built up through repeated observa-
tions fram the same reference or perspective. An apalogy may be dravn
between forecasting and n'avi'gat'i.on,’ which present irery similar problems.

In either czte, YOix will ‘pever know where yoii are going to be if you

' néver knnw'where you are or have beer., To Jaiow where you are or have

beer reqa'res you to fix a position at a spﬂcxfic mcmert ln some s.a'a-
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[ dard;zed rate, ard in relation to seme sort of m,taxdo referem.e. In
; foreca.stmg as in ravigaticn, a primary avenue for 'mprov.ng knowledge
. of future pos1t10ns is to 1r-pr:wc ‘mowl:*ugo of. preseut pos.t:ona. - To do
; this, standardized ccmuptc o length, directicu a:;rl,qxbtance are éreatly
needed. In some areas of forescasiing, we Ao not know which way; is 5'up. !
’ Treud ext'r;apola.tion. is a cammbn éxam;&lé. We have littie tronble
. with the abscissa; that represents celestial nme, 'lhe prebiem arises 3
with-the question, f'W.hat are we :‘z.mv p"“.m, (m thc ordmate"" Tace
ordinate of any cxtrapokatie:m i alse o dirme %mn. the dirtension of chinge
over time., We cannut expect to Outd.'n "vmh-b:‘navr-d" curves if the data
; plotted along the assumed dxmcnnon repr«.seu'.?d ‘w th» ordinate {s not
dimensional, but an arbxtr.n",', intaitive a u..)o.m.ru ien. Reduction of this
169
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problem calls for hard analysis and verification of dix:ieniio@s before

attempting to extrapolate. Lo et

* ) b, Dynamic Reference Systems add a rate or acceleration to
a standardized measure of length or distance, The rate of light pre-
supposes the unit-length of one .mile. The acceleration of gravity com-
bines a unit of length (the foot) with a squared interval of a standardized
-rate (fhe second). This is how we build one concept on top of another,
We must do the same sort of thing in other areas, where these physical
units and rates are less appropriate, Such basic research may appear
to have little relevance to practical and immediate forecasting or deci-
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sion making, but it can build the conceptual tools these efforts are now

lacking. - S g
. Of course, planning and decision making cannot: simply stop and !

wait for the forecasters’ millennium, when all the measures are sys- : -
. tematized. The point is that we must do both; use what we now have, and i i

v
. .

at the same time attempt toimprove it. One way to do this might be to
investigate the reasoning patterns of successful decision makers. They
appear to be intuitively employing both static and dynamic measures.
(The crisis in Xlavania is gettinghotter.) (Country X and country Y are

on a collision course.) As the "scientific method" ie no more than the ;
i

e it e

explicit systematization of the reasoning patterns of men like Galiled,

Kepler and Newton, so other areas may be improved by the same means,

2. Problems of Dynamics )
Many of the problems in forecasting derive from various char-

acteristics of dynamics. Bringing a few of these typical.difficulties into 3
this study may assist in their 'reduction. We cannot solve them here, but j

perhaps others car and will,
a. Vectoral Problems not only require definition of dimensions,

but of orientation and length, Some forecasting areas appear to imply
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v wr_éctoral models, but current concepts exclude one or the other of the two

characteristics of a vector. For instance, Balance of Power theory in
the ltudy" of international relations appears to ascume a given orientation
betweeu_ national actors (180 degrees, or mutually opposed).. and to con-
centrate on "power" or length. "Economic man'" would appear to be
defined as oriented at 90 degrees to other '"economic men'" as he is seen
to maxix;{zé his own utility without attempting to either maximize or
minimigze anyone else's, In Theory of Games, when two actors attempt
to maximize their own gain at the expense of the other, their two utilities
are inverse functicas (180 degree orientation) and the game is defined as
"gero sum, " Other games, such as cooperative (each attempting to maxi-
misge the others gain) or pyrrhic (where each attempts to reduce the
others' gain, even at greater loss to himself), might ulsc be defined in
terms of vectoral orientations, Essentially, it would seem that all atti-
tudinal sitvations (intent) might be described in terme of vectoral oriei;ta-
tion, while power or force (capability) applies to length of vector. Fur-
ther study of vectoral impliaﬁon'vmay hold promise of increasing the
usefulness of theories in forecasting, ;

b. Dynamics and Abstraction. As mentioned in the discussion
of conical organization, any entity, actor or organization will break down
into a collectivity at a lower level of abstraction. This continuum of

abstraction may provide a reference for several problems of forecasting.
Such Systems Theory terms as input, output, throughput, feedback, and -
exchange imply both an initial frame of reference on, and moticn in
relation to, the Continuum of Abstraction. The motion of elements at
like order of abstraction is often inexplainable in other terms; a more
general concept is itself taken as frame of reference.

In terms of conical organization, one would expect the more general

to move more slowly than its composing elements. While this assertion
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needs much more validation, some observations would seem Vtokl;xpport it.
Societies change more slowly than individuals. "Universities remain “

the same, only the faces change. ' Nations exist beyond the lifetimes of )
their constituents. Living organisms change mc;re slowly than the flow

of elements and compounds of which they are composed. Water molecules
move, but the river remains. In all of these, existence of the composite
entity depends on the ratio between input and output of less general ele-
ments. Growth in biology, as in logic, is a process of integration: decay
is a process of disintegration.' It would appear that the relative motion of
the parts to the whole (vertical axis) and to each other (horizontal axis)
will define both the present state and future condition of any entity --
physical, biological, social, political, psychological or philosophical.
Application of General Systems Theory to these areas may significantly

-

improve forecasting.

c. Dynamics and Validity. Because it involves both static

and dynamic premises, forecasting presents one unique class of problems.
These concern the validity of dynamic premises (trends and a.nalogiei of
change), The static premises which concern present or past conditions ‘
may be submitted to empirical evidence for validation, but the point at
which deductions from dynamic premises (projections) may be tested
against impartial evidence lies in the future, and the future presents no

evidence,
The traditional approach to validation of dynamic premises is
rational: specific consequences are deduced for a given point in time,

and then one simply waits for the passage of time to make evidence avail-

b et

able, This is largely how theory has been validated in the physical
sciences, However, in forecasting and especially in long range forecasting
we cannot afford to wait and sme if our projections are valid, We are

forced to act on the basis of projected conclusions before the evidence is
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available to validate the premises from which we reached those conclu-
sions. The condition a foréust might allow planneii to obtain or avoid
often arrives concurrently with the evidence neceuéry to irerify the

forecast. _
This is 2 major problem, discussed by a number of writers.

Some of_ their suggestions have ‘been: (a) £reque:it' iteration of forecasts -
and replaming, to allow ﬁpid inclusion of new evidence as it becomes
available, (b) ‘retrodiction,' or projection backwards over time,
(c) "postdiction, * wherein one moves his point of view into the more
distant past and applies his premiie to forecast the recent past or pres-
ent, and (d) simulation, to artifica'..lly' accelerate the pasiage of time and ’
make lixnihted evidence available more ‘qui.ckiy..b
All of these qg;ggectiona appear ‘to Be valuable, and are to be recom-

mended., They follow from the statement that the future presents no
evidence, the fact that validation absolutely requires evidence, and the
identical nature (by logic mode) of prediction and exﬁlmtidn. As
Dr. Rudner puts it: | o ' - ‘

‘i’he logical structure of a scientific explanation is

identical with that of a scientific prediction; the only

lifference between them being the temporal vantage

point of the inquirer...we have an explanaticn for

an event if, and only if, we could have predicted it
{(from an earlier point in time). (Ref 39)

‘We are primarily interested in the predictive function; t‘hun, we
may inverse the two terms (since they are given as identities), and state,
*We only have the power to predict what we can also explain.' This '
shows the utility of testing dy'ntmic principles against present or past
evidence, as the nature of the future shows the impossibility of testing
them there. _ ‘

It further implies why we can do no more than project known or
assumed patterns of change; the absolutely unique event is not predimﬁle
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because it preseats no evidence until it actually occﬁra. ﬁawgvet. it
would appear that most events we assume to be umque are later seen to

. have been repetitions of past patterns uﬁder a new mamz, or to have been
produced by combinations of recognized patterns which could have pro-
vided precursors if their relationship had been known. Again, this
stresses the pomx that the essential nature of a phenomenon is more

important than the multiplicity of names it may u:mé. y
d. The Two Basic Assumptions in regard to change over time.

There has been a great deal of discussion concerning techniques of fore- .
casting. Erich jantsch lists well over 100 alternatives or variants.
(Ref 40) Daniel Bell considers 12 modes of prediction in the social
sciences, (Ref 41) and Bertrand de Jouvenel refers to five or six basic
approaches, (Ref 42) Dimitry Ivanoff discusses 43 techﬁiquec applicable
to forecasting, (Ref 43) and the Interservice Ad Hoc Committee’s Report
on Technological Forecasting Methodology shows 5 main divisions and 12
secondary divisions. (Ref 44) '
Correhﬁm of all available techniques by function and the assump-
tions they make in regard to change over time indicates only the two
fundamental distinctions -- prognostication by analogy and trend extrapo-
lation -- with the remaining differences referring to display techniques,
explicit versus implicit statement, degree of sophistication, mathematiza-
tion, computerization, etc. Some differentistions are made on the basis
of subject area. Many of these distinctions appear to be identifiable on
the basis of particular logic modes. All pattern recognition techaiques
(cluster analysis, multiple regression, factor analysis) are synthesizers,
and belong to one stage of inductive reasoning. Many of the intuitive
. methods (DELPHI, TORQUE) follow the logic of authentication, in that

they transf{er knowledge from experts whose opinions are taken as

. authoritative, When only the projection stage is considered, all such
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teclmiqueu assume that patterns of change will exthet continue into the
) Iutnte. or repeat under similar conditions,
There are three limita.txons inherent in trend forecastmg. thele

derive from the assumpticn of continuance, Fu'at. all changes do not

O R ST

form a trend, and all trends do not continue. Second, the assumption

of continuance precludeo ducovery of discontinuities and inflection pomts
pﬁor to the time they show up in the cata base. And third, the assump-
¢ tion of continuance makes the reliability of any extrapolation decay in

o L oA 0

proportion to the range of the ‘forecaat. Over time, trends show in-

W s

T

'nmo.‘ trend extro.polatioa is more applicable to short than to long ranges.
" The one inherent limitation of forecasting by analogy is that no
tinglo analogy is capable of predicting beyond its own time range, even
though it may do so every time its preconchtionc are met. In the case of
long range forecaating, this often means that conditions themselves must
be projected before application of a.nalogiee is fruitful. Hence, increas-
ing forecatt range requires an increase of ocope, or the number of con-
ditions to be coanide:ed for projecticn.
\ General systems theory reduces this problem by linking a series
of analogies together in defining the Msystcm.™ When the input precondi-
s 1 i tions for the first mlogy are met. its output forms the preconditiono for
‘ the next analogy, and so on through the entire model This is why oyo-

tems theory is capable of hAndlmg more complex problemo and longer

RO L R T LT
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forecast ranges than limple prognocticatzon alorne,
Trerd correlation is a combination of these two technigues, wherein

a complex subject area is analyzed to its elements of change. These

clomentl are extrapolated individually, and then reassembled by analogy
to their past interrehtionshlp-. Essentially, the trerds provide precon-
dxtionl for the analogies, and the analogies show the result of composite

R
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. trends, This technique can show inflecticn or 'diuéontinuitﬂy of the com-

posite, It appears to be the optimum approach to long range foreasting |
. because it tends to reduce the inherent difficulties of both individual
techniques. )

3. Cause and Effect
Cause and effect is also a matter of dynamicc. It should be
Jtreued that the inclusion or exclusion of causal conuderatim ha.s
little effect on the reliabilig of forecasts. (Ref 45) One may project

trends, sequences or analogies without ever considerixig cause and effect. ,

Exclusion of cause and effect linkages does, however, act to reduce the * i

relevance of iorecasta.} because when a planner or decision makernu:ceptn

a forecast he will then attempt to avoid or obtain its projected cbnclulions. ;
- To do this effectively, he must know the consequences of his various
alterﬁaﬁve actions, These consequences are the effects his actions may
cause, If causation has been excluded from the forecast, he must either
go elsewhere for this vital information, or run the risk of learning the
consequences of his actions through trial and error (srufprice). r

As Newton remarked, "If you do not know the cause, you cannot

produce the effect. " Neither can you prevent the effect. Perhaps Newton
should have added, "at will, ** because it is the human ability to consciously
direct change to which this problem refers. ' A

There are several models or types of csusation. the limp!est being

direct causation (monocausal), Here, a single cause is both necessary
and sufficient té produce a given beffect. In other cases, there may be
several causes necessary to p;oduco the given effect, none of which are
sufficient by themselves (multicausal), This was the condition we found
in relation to e!fective_ forecasting. Often one will find key or underlying

causes which produce many effects either singly or in combination with
contributing causes (ignorance and certitude). Finally, there is the

%
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phenomenon in the humanistic realm of internal caizsa.tion, where the
effect is not a consequent of the utuauon but of the internal perception
and evaluation of different actors. All of these fypel need to be consid-

ered as they are found to be appropriate to various 'nubjectc. for further
improvement of the degree to which forecasting may assist the planner
and decision maker. o

4. Summary ‘
: While celestial time is only cne of the forecaster's tools, the

temporal dimension of relative motion or change to which it refers is
basic to all forecasting, Knowledge of relative motion or change is the
forecaster's stock-in-trade, Thus, the various ways of looking at
dynamic phenomena, with their methodological requirements and
assumptions, are as important to the forecaster as are any set of '
craftsman's tools., A thorough awareness of the alternatives available
and their ctaracteristic strengths and weaknesses is essential for
optimum effectiveness, Increased attention, research and validation of

dynamic theories are avenues for continuing improvement.

VI. THE MATTER OF BIASED FORECASTS
Biased forecasts present a class of problems that involves the

relhbﬂity of methods, the validity of conclusions, and the confidence

one may place in such conclusions. Because of the extcnsive evidence

-

of such bias in the large and increasing volume of forecasts now available,

this im.tter is being given separate treatment, although it is cssentially

a problem of realm.
" Biased forecasts are identified as a problem of realm because of

the diiﬁnction between circumtt;nzial' or otatistical bias -« which was
discussed as a characteristic of empirical logics --and normative or
intentional bias. Most biased forecasts agpear to belong to the latter

category.
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1. Normative Bias

Normative bias is a matter of values. ideals and ethics. It is
purposeful. in that methods of preparahon, projection or presentation _
are so constructed as to weight conclusions toward or away from lpec{!xc
value-judgments. It is one type of prescription or persuasion, designed
to alter what people believe, It may' be conscious or unconscious,
_designed totfurther personal or shared values, and accomplished either
a priori or a posteriori. A : o

A priori bias is one nynonym of prejudice, and il often unconacious. :
Here, a conclusion is reached before evidence is gathered to support it.

‘Ref 46) Both preparation and presentation are usually weighted by the
san:e implicit values, A posteriori bias is the attachment of value-
judgments only after the gathering and weighing of evidence. In this case,
the method of preporation is usually objective, with the bias applied
consciously to the method of presentation. ot

a. Conscious Bias is the normative sub-realm of advertising,
editorializing, lobbying, diplomacy, propaganda, salesmanship and all
such "special pleading. " Its major characteristic is that such individuals
know their presentations are slanted, since they have done so deliber-
ately in the hope of influencing someone's behavior. Scientifically '
oriented people generally tend to hold conscicus bias 1n verf low esteem,
due to its incompatibility with the realistic approach., This may be why

pure scientists often make poor salesmen: their own bias in this case

has high positive utility in their own realm, but does not cpply universally,
In the humanistic realm, conscious bias has its own utility in moving
human beings to action, Whether this utility is poeith}e or negative de-
pends on other considerations; primarily on the nature of changes in
reality that result from somecone's accepting and acting on a given exhor-

tation, and the viewpoint of the percon who evaluates those changes.
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Some symptoms of possible conscious biac are: (1) the use of
mb&mced evidence, (Z) exageerated claims for proposed methods,

policies or projections, (3) absolute or certitudinous suzport of the con- -

cepts presented, in contrast to a similar emphasis on denial of competing

cencepts, (4) strong implications of‘sreat' adirantaie'to be gained by

R 1 B R 1o ' ATCT TR

acceptance and/or great loss to be incurred by rejection of these pro- |
posals, and (5) usually unstressed implications of lix_i:ilét _gain or loss
to be incurred by the presenter or his idenﬁfy group. These are, of

~ course, all symptoms of the '"hard sell, " and biased forecasts area
form of saslesmanship. There are several forecasting and research .
projects now cﬁgoing whose major stock-in-trade appears to be persua-
' i sion rather than prédicﬁion. .
E The symptoms of conscious bias, singly or in combination, raise .

AL TR L W T S e

questions as to how far methods and conclusions may have been altered.
“I'h‘oy may be biaied far enough to render them invalid; then again, they .
may not. The symptoms of bias do not alone provide sufficient justifica-
‘ tion for rejecting propoled methods, concepts or actions, as we will
attempt to illustrate later in this oecﬁon. They do, however, raise the
quution. »
A discussion concerning conscious biae is not only relevant to

forecasting, but also to the consumers or users of forecasts. Today,
: legislators, commanders, managers, executives and policy planners --
] decision makers of sll sorts --are common targets of the hard sell, often
seen in the form of biased forecasts. Anyone who makes monetary deci-
sivns, from housewives to heads of state, is constantly barraged with
proposale for the best way to spend their money in light of "impending
conditions. " Many if not most of thess forecasts are highly biased,

b. Unconscious Bias {s & synonym of predisposition, pre-
determinism and prejudice, Ii cannct be avoided anywhere i the normative
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. rea.lm or in anything that involves human beings' even the deaixe to do 3o

' is itself a bias.. However, this latter bias may eventuany be validated

as less detrimental tha.n some of its alternatives, Most lcienﬁ.ﬁcally
oriented individuals maintain a bias toward objectivity -~ in their pxotes-
sional, but not necessarily in their personal, political or religicus affairs.
Therefore, the approach to optimizing human data banks is not to be

found in trying to eliminate all bias, but rather through érawing on them
in the areas where they are relatively least biased. Thus, the initim.l

problem becomes one of identifying such u.nbimed areas in particulmx
individuals or groups.

" However, insofar as data retrieval from hum#n otbmge banks is

concerned, unconscious bias is by far the more difficult of the two,

. because its holder is not aware of it and implicitly assumes that his own _:
predispositions reéresent self-evident truth, Agaii:,, the humaniatic :
. approach is to infer the norm from patterns of obaei-ved béina,vior, It ia
inductive, it is not certain.‘ but it helpas. Some characteristic iyniptomn
of unconscious bias are: (1) sincere advocacy of parochial advantige or ? |

point-of-view, (2) dogmatism, (3) .elf-righteousneab amd anger at

e

contradiction, (4) a paternalizing attitude toward othere' ""errors, ' and
(5) ridicule of others® opinions. The parochialisms thus supported or
defended may be in reference to the man himself, ﬂis family, friéndm
political party, profession, academic discipline, comﬁny, depaztmesnt,
branch of service or agency, social class, state, Mm, race, ideology,
religion, or any combination of these. All of thess aiq identity or loyalty

I
. g -
groups, synonyms of "“self" at various orders of magnitude. The 2
: L
universalist" or '‘world citizn® takes the humen race ao}hw loyalty group. i
‘ The point here is not that such parochialisms are "bad. * They aleo
! may show relative utility in the humanietic realm. Loyalty wider than '
E° reeponsibility may lead to cooperation between groups., On the other band, .. _'
th B
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loyalty to a group smaller than that for which a man is responsible may .
iead to nepotism and favoritism. This utility may also be approached

ﬂxrough ‘validation of norms. : ' - i .
The poinz is that unconscious bias and parochialism make attempts

to establish an independent base for evaluation of forecasts, propozals
and explanations exceedingly difficult, One illustration of this difficulty
may be_seen in the following quotation.

universal liability of mankind to personal prejudice. (Men)
can correct each other on points of personal prejudice, in
which one man deviates from his colleagues -« but how can
they correct for a pervasive biu that they all may share.., ?
(Ref 47)

This is essentially a monoculture situation, which stows similar charac-
teristics of stagnation in any environment, biclogical, psychological.A or -
lochl.‘ ' '
2. Self-Defeating and Self-Fulfilling Forecasts
There has been considerable discussion in regard to the phe-
nomena of "self-defeating' and "self-fulfilling" pre&ictionc. (Ref 48)
Both are a matter of normative bias, When the bias is applied coucidully,

they are a form of saleemanship designed to inﬂuénco human actions,
When the bias creeps in unintentionally, itis a renecﬁon of \mcontcioua
predispositions on the part of the forecaster, due to his perlond pro-
fessional, cultursl or ideclogical axioms, The bias itself reprnenta an
altouﬁon of the facts perceived, projected, or presented by the fore-
caster, either toward his positive or away from his negative values,

a. Self-Defeating Forecasts are thoss designed t¢ minimise

s negative value, avoid undesirable consequences, or to prevent their
own conclusions from coming into reality by persuading human beings in
s prescribed direction. ’
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. . One example of a self-defeating forecast, in which perceptions and
érojcctiona appear to be objective, while methods of presentation have -
frequently been weighted to transmit the urgenc.y of projected conclagions,
is the "population explosion, ' The prediction, *If birth rates are not
substantially reduced, massive starvation, nbcial, economic, political

and moral collapze will be widespread by the year xxxx, " is a normative

projection. The forecaster is obviously biased against starvation, social,

economic, political and moral collapse, and thus in favor of reducing

birth rates. If he were not so biased, he would not bother to advertise
his findings; he might not even bother to investigate. He feels his pro-
jected conclusions bode great loss to himself and to his own loyalty
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groups, and that acceptance of his proposed actions will aid in averting

. such loss, He is neither dispassionate nor uninvolved. Therefore, his
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forecast is deaignéd to be self-defeating; nothing would make him happier
N than to have subsequent reality prove him wrong. He sees little value in

being able to say, 'l told you so, "

in many areas of the world, the characteristic inertia of human
beings, or doubts as to the validity of demographic projections ("They're
slways crying 'wolf', Look at how often they've been wrong. Why, in
the last US census, they missed over five million people when they tried
to count them. How can you believe foracasts like that? '} combined to
reject the demographers' predictions, Little or no action was taken,
Today, in some of those same areas, such delays are showin@ sigans of
negative utility to the point of disaster: the validity of demographic pre=
dictions is being pragmatically -=- and expensively -- confirmed.

On the other hand, a few countries -- like Japan and Tiawan -«
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. accepted the projections, biased or not, Their massive change of be- ;

havior has mads forecaets of disaster progressively unrealistic. If the : 3

. similar disastere projected for India, Chins, latin America and fg j
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subsequently the rest of the .world do not come into reality, much of the .
éredit raust go to the self-defeating forecasts of those demographers who
;mphali"sed their presentations to make people fully aware of what might .
bave happened. Under these circumstances, it would be the height of '
ingratitude to accuse them of inaccuracy on the grounds their projections
of future population levels had been too high.

A second example of lelf-deféating prediction -- and one that has
many corollaries -~ was that of the unknown general officer who stated:
Vf the strength of cur present armed forces is not maintained, national

‘ and actions designed to prevent its coming into reality brought the
country's cavalry units to a peak of excelience. However, the forecast
' was de.monstrated to be not only biased, but invalid as well, when Poland's
superb horsemen were slaughtered by German tanks and dive-bombers
in the opening days of World War II. _ : _
b. Self-Fulfilling Forecasts are those designed to maximise
’ ‘a positive value, obtain desired conditiqns. or to ensure their conclusions
, are realized by persuading human beings to alter their actions in a pre-
scribed direction, , _

~ Oune example of a self-fulfilling forecast is found in the technologies
of food production., Glowing prophecies of exponential l.ncrene‘ {provided
the suggested techniques and allocations are fcllowed) show how the
human race may be freed from starvation, and attain to the nutritional
millennium, Hopefully, people will heed the proposals, explicit or im-
plicit, of these forecasts, alter their patterns of behavior, and so attain
the desired result. Again, the forecaster is peither dispassionate ror

uniasvolved. ) .
. In some cases where such forecast/recommendations are heeded, . *
food production e being increased by many times. The aseumptions .
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existence will be in jeopardy. " In this case, the conclusion was accepted .
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‘ bahin.'i eoth forecast and recommendation are being demonstrated as
validm- In other cases, actions based on such recommendations are
not working, due to application of techniques where they are not relevant
(plowing under the jungle in Brazil), and to unconsidered humanistic
values {sacred cows in India). .

A second example of self-fulfilling forecasting is found in the
political l.re.ms. From Sir Winston Churchill’s "We will fight on the
beaches; we will fight on the housetops; we will never give up" to the
E less significant parallels of every political campaign, forecasts of
coming victory are designed to so move human beings as to attain the
forecast condition,

A good desl of technological forecasting and advertising of the

. producers of technology is also of the self-frifilling character. It io
agein 8 form of saleamanship.
° Two final examples of biased forecasts are the typical predictions

in regard to nuclear war. One schocl holds the human race will inevi-
tably destroy itself (unless all such weapone are permanently banned),
and the other school concludes these weapons will never be used again
{because all partins will or ought to realise they stand to lose more than
they stand to gain by employing them). Both are biased forecasts; the
first designed to be self-defeating, the second to be self-fulfilling. Here,
the steering-signal nature of normative projection is apparent, with its
characteristic positive and negative directives for human behavior,
Bizsed forecasts are less in the nature of predictions than they ars in

the nature of covert preccriptionn,

3. Validation of Biased Forecasts
\ Validation of biased forecasts presents humanietic problems,
because they do not necessarily correspond to either present or future
roality. 1his is why they cannot be validated by the realistic or natural
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science approach. However, actions based on either accepunce or ’
rejection of such exhortations can and do alter the future condition,
Whether this resultant condition is 'better or “worse" depends on the ) .
value-system of the observer. Finally, when actions are based ona
biased projection, the question of whether or not théy achieve their
original purpose depends on the validity of assumptions concerninf
Etenthl;eality on which the projections were based.
Thus, the imperative question raised by indications of bias is not
whether it exists --all humans are biased in one way or another --nor if

methodt of prepanticn or presentation have been slanted. The cnlz
portinent question is whether the conclusions are valid indications of
potential reality. Since potential reality depends to a high degres on

human decision, we can see the value of a good manager's habitual .
question: "What happens if we do, and what happens if we don't?" This
is the core question of empirical validation in the normative realm. Its .

utility lies in elimination of bias and concentration on potential conse-
quences of decision. . NI

For the above reasons biased forecasts are classifisd as both
normative and as problems of validity. Like any validation, Validetion
of Norms -~ past, preseat or proposed -~ calls for the tentative assump-
tioa of a premise or premises (we do, we do in part, we don't), and
rigorous deduction to logical consequents. In this case, the premises
are propossals for action, and the consequents are, (1) implied behavior,
and (2) the potential results of such behavior, Evaluation of these results,
whan compared for all proposils, provides the basis for deciding betwsen
them, ‘

The validity of normative proposals which may be obtained in this .
way shares the uncertainty characteristic of ary validation; it cannot be
absolutely ascertained, The procedure ie capable, however, of ' .
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. significantly reducing both bias and uncertainty, while at ﬂie same time
minimizing the cost of errcr. Thus, it can supply an iniymed informsa-
tion base for normative or policy decisions.

a. Validation to Reduce Conscious Bias recalls one charac-
teristic of validation which may be ignored only at considerable risk,
This i3 the requirement for an independent data base. In the normative
realm, a good desl of the data base is carried in human minds; therzefore,
for the validation of norms, the test base people must be independent of
the original bias, Fere, independent means exactly that: neither posi-
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tively or negatively covariant, geometrically orthogonal in attitude,
unpredisposed, free of prejudice, etc. Obviously, such paragons do not
exist, Therefore, optimization is indicated. .

CEB M W W e s A T4 e b e A

. The question here is to whom one should send a biased fore.ast 5
for evaluation, and it leads to several inherent problems. In the firot :
° place, it makes little sense to send a proposal back to its originators for

evaluation, Secondly, it makes no more sense to send it to their opposi-
tion, where it will be denied out of hand by a counterbias, Third, thers
is little use in sending a proposal to scmeone who should have thought of
it by himself, and fourth, evaluation by the target decision makers them-
selves s risky, since it was toward their assumed biases that the origi-
nator slanted his presentation. Such problems indicate why independent
evaluators and evaluation agencies a''e in high -~ and increasing - demand,
It is also why a decision m2"ev does himaeelf little favor when be insists
hie own biases be shared by his evaluatore. He either setz them up for
the same "snow job, ' (normatively biased presentation) that he himseif
received, or at the very least prevents them from forwarding unbiased

’ reports to him.

Conscicus bias iz best eliminated by employicg an independent

B 'J"__!,,n;‘ [T E O T D IS L WS N AR WML ¢ ﬂhuum WA 0 R W*’WWM,
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agency, and insisting their findings be based on a replicable method such I
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as the one presented in the appendix of this report. While such 8 method
will include the values of various human institutions as & means of ascer-
taining relevance, it validates facts and predictions against empirical
evidence, rather than against parochial desires,

- b, Means of Reducing Unconscious Bias are somewhat differ-

ent, because this will be found i{n an independent evaluation agency as
well as in a parochially involved forecaster. Unconscious bias is a
matter of profession, academic discipline, culture, etc. What is lacking

in such a pervasive bias or monoculture is negative feedback, here seen

as dissent. The indicated corrective action is diversification, In thie

case, it is diversification across the departmentalizations., A second
requirement is mutual exchange, here secen as dislogue, The former is
necessary to obtain more than one bias, and the second is necessary to
cancel or reduce differing biases. This is comparable to the natural
science procedufe of employing multiple sensors with.vtrying distortione,
ard then correlating the observations to obtain & broader and more accu-
rate view,

As with any monoculture problem diversification is a precondition
of dynamic exchange, Interpersonal, intergroup, interparty, inter-
professional, interdiscipline, intercompany, interdepartment, inter-
service, interagency, interclass, international and interdenominational
dialogues are symptomatic of dynamic feedback in operation at the verbal
level, ’

The alternative to verbal and behavioral dialogue is verbal and
behavioral dialectic: intergroup rivalry, self-maximation by opponent
reduction, various collisions and forced adjustments. Here, feedback is
delayed by lack of willingness to accept it, until it {s eventually imposed,
Withdrawl from the exchange (isolationism) is an alternative when avail-
able. This leads back to stasis and the "bacteria in a bottle' problem of

the monoculture,

118




- -

. o s

NI LTV by ek e e =

e

FLI T e T s ey

TN A T O OITIRY ST R ST T T
.

om0

ot

However, diversification and dinlogue are not a magic snawer
either. Although they hold great long-run promise, they have definite
problems in the short run., Feedback implies fricticen, in the humanistic

realm as in mechanics. Courtesy -- social oil -= helps. One example of

[P N U NRRITY "2 SRR Y RV sSSP

the problems monoculture parochialism presents, and those of two

—alternative attemptes to counter it, may be seen in the increasingly com-

A UL

mon efforts toward integrated research and forecasting.

o dn

(1) Monodisciplinary studies are by far the easiest to

organize and conduct, especially if placed in one department &t one uni-
versity, one industrial, nonprofit or military laboratory. A great deal
of excellent work has been and is being done in this'way. However,
’ *  monodiscipline studies are becoming progressively less useful because
of two inherent problems, |

First, whenever a problem is analyzed or interrogated, it follows

conical organization by expanding to such a degree that no one discipline

e e e

is able to cope with it, A selection of only those subproblems which
remain in the context of the original discipline is the approach of special-
ization: it discards the remaining factors of the pfoblemo However, it
is exactly those factors eliminated from considerstion by ¢the very defini-
tion of & discipline whose unaccounted-for influences feed buck in over
time to render a forecast ineffective, This phenomena was also dis-
cussed previously, \‘ ,

We have alrcady seen how specialization impaire technological

D e U N

forecasting when it does not take human factors into account., The same

rao

thing holds true for other disciplines. In the social sciences, how can
International Relations be studied or projected with .iny accuracy if the
natural, social, cultural, technological, economic, Bioioglcal, angd
psychological components of individual nation-state "actors® are defined

out of consideration? How can one project the course of economic

WP WY parm
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development without study of natural resources, gejognphy.'.'climate.
lbcc! ecology and agticulture, demography, cultural attitudes toward
forms of labor, state of technology, local political philosophy, family
structures, and the taboos of indigenous religions? As one area spe-
cialist remarked while discussing the future of India's economy. "Those
sacred cows have got to go!"

His comment also illustrates the second major problem of single-
discipline study and projection; each discipline has ite own sacred cows:
axioms, self-evident truths, standardized procedures and hbitml
patterns of thought or attitude. Some of these Fave been repeatedly
confirmed and demonstrate high degrees of predictive power; others
have such power only in specific cuses, but have been overgeneralized;
still others appear to have held greater power in the past, before reality
altered away from their implicit ucumptioﬁs. A number of such axioms
have been empirically or prazmtically denied, but continue to lhow up
in forecasts and forscasting methods, ‘

For one example of such empiricd denial, many forecasts of
international conflict and cooperation are based on the uiumption that
present or historical patterns of formal alliance are the best indicators.
However, two independent empirical ltudiei. one by Bruce Russett (Ref 49)
and one by Ole Holst!i and his associates,(Ref 50) both support convergent
and conflicting attitudes as lead indicators of behavior and subsequent
formal alliance, rather than the converee, In other words, alliances are
a result, rather than an adeqguate precursor of conflict and coopentlbn.

It s extremely difficult to attack one's own self-evident truths
while within the rationale that flows deductively ttém them. This applies
whether we are speaking of personal attitudes, political philosophy, -
religion, or academic discipline, It aleo illustrates the value of empiri-

cal reasoning, which questions the validity of entering assumptions,
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climinates sacred cows, and synthesizes more genergl and more‘ valid
theory. It does not solve problems directly, but réﬁues the menta! tools
by which the rational modes may subsequently solve problems. Until -
their mental tools are tested and refined, many disc‘iplines and sub-
disciplines must »emain at something akin to ethnocéhtrismo wherein
their own axioms are sacrosanct, and others' appear to be irrstional., '

The end result -- apart from a continuing profusion of micro-specialities --

is that the relative validity and bias of such opinions is ﬁren-nigh impos-

sible to ascertain, forecasts are inaccurate for exciuuion of significant

factors, human data bases for validation are themselves suspect, and

decision makers are left guessing,

T R R T

(2) Multidiscipline, When we attempt to bypass the \

i

restrictions of single-discipline study, the first move is norinally toward F
sggregation rather than integration, We find that segments of our prob.
lem belong to ﬂe'lds studied by certain disciplines which :we do not have
available, so we introduce experts from these fields into our oéganimtiom
However, we do not establish a feedback dialogue across disciplines,

but rather operate within disciplinary compartments like a8 miczo-
university, What actually occurs is that individuals whose backgrounds,
frames of reference and terminology sllow them to understand each other
congregate in one office or section, study the common task, and eventu-
ally come out with & specialized report. Such reportes are then merely
collected and published, For these reasons, most profects nominally
referred to as "interdisciplinary" might be more accurately described

as "multidisciplinary, "

if, on occasion, a project manager attempts to synthesire such a

B

-

battery of reports, he either rewrites them all in his own terminology «=

-

B JPTOR  CNURPE VORI S SRS AP 12 N S

thus destroying a good deal of the intendcd meaning ~- or simply finds

himself swamped by the necessity of learning a dozen or 80 new
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langusges all at once. In this case, he is likely to write up his own
summary, and attach the specialized reports as annexes or appendices,
This ie very common practice, ‘

Thus, the primary characteristics of multidiscipline studies are:
(1) absence of feedback between departments or disciplines, (2) specialized
sub-reports or annexes, (3) duplication and overlap of the same areas
from various points-of-view, and (4) little if any integration of effort,
This approach to forecasting and evaluation of forecasts generally tends
to compound the problem, rather than simplifying it.

(3) Interdiscipline, True interdisciplinary study shows

self-correcting characteristics, primary among which {s continual feed-
back between individuals, departments and disciplines, A common
symptom is the f;;é-to-hce confrontation of individuals representing a
pumber of specialities, all focused on and attempting to solve & common
problem, Forecasting has provided many such problems,

One immediate 'chancterictric of feedback confrontations is the
semantic argument. Everyone -- or almost everyone --firmly believes
he is speaking the English language. He understands perfectly well what
he §s saying, but no one else seems to. Nor do the assertions of other
team members make much sense to him, They use the right wox;ds in
the wrong places. In these situations, the trite comment that 'It!s only
semantics,.. ' is a gross évenimpliﬁcation. Semantic arguments imply
fundamental differences in point-of-view, modes of reasouing, basic
assumptions, terminology and valuec. The difficulty of trying to establish
meaningful communication across such deep-set barricrs may be compared
to the similar problems faced at the Tower of Babel and the United Nations,
Even when --as usually happens eventually --two people discover they have
been saying the same thing all along, the process by which this revelation
is obtained is seldom easy. Hence the inscription over the door of one such
interdisciplinary forum: "The Citadel of Violent Agreement. ' (Ref 51)
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Another symptom of interdisciplinary study --and empirical
processes in general -- is a constant, grinding reappraisal of one's own -
self-evident truths and fundamental axioms. One of the primary pur- 2
poses of such diversification across disciplinee and departments is to

increase objectivity by reduction and cancellation of unconscious bias,

The bigh value of the process may not be so apparent, however, when

your own unconscious biases are attacked, and your own sacred cows are
dragged out to be dispatched. It can be, in fact, a highly painful and
traumatic experience, If one does not maintain extreme mental flexibility, .
an iron emotional restraint, and at least the rudiments of courtesy, the
atmosphere in a ""Citadel of Violent Agreement" is very likely to become
exponentially more violent over time, with agreement, integration and Tl
accomplishment following by inverse proportion. :
This then, is u not greatly overdrawn sketch of interdisciplinmry
study and empirical processes, It is not intended to imply that such
efforts are impossible., On the contrary. it is merely to point out that
they are seldom easy, often extremely difficult, characteristicslly un- &

certain, and personally unsettling. With all of these problems, however,

the products which only such a proceéa is capable of delivering: more
valid theory, more general premises, wider data base, reduction of
unconscious biae, penetration of barriers between departmente and dis- |
ciplines, and removal of sacred cows are vitally impofrt-ant to the progress
of organized knowledge in general and to the improvem’ent of forecasting

in specific,

4, Summar
The mattir of ‘'self-defeating' and "self-fulfilling" predictions,
while a large and ever-present problem in forecasting, is not completely

beyond remedy. Some bigs, conecious or uncomscious, ie always to be

expected, and does not by itself constitute adequate reason to sccept or
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reject any forecast, because examples of both have proved to be valid

and otler examples invalid. Where such bias is no more than salesman-
ship, it may be detected and reduced by the use of independent evaluators.
Vhere it is due to academic, departmental or cultural axioms, the use

of multiple sources with diverse points of view is indicated. Personal
bias is amenable to the same approach of diversification and dialogue.
While none of these techniques can be experted to eliminate Liased fore-
casts altogether, their combined applica.tion may serve to reduce the

problem significantly.

ViII. POTENTIALS FOR INCREASED EFFECTIVENESS

Since the purpose of this study is to assist in the continuing im-
provement of forecasting, a survey and synthesis of philosophical con-
lideutioﬁc is inadequate., The foregoing sections have set a stage and
identified strengths and weaknesses characteristically involved in the
process of forecasting. This section will attempt to organize these into
8 critical paih‘ netwerk deaigned to maximize strengthe and minimize
weaknesses, thus indicating potentials for immediate or near-time
improvement, - it will also attempt to match streagth and weakness where
possible as an indication of potential avenues for more distant but con-
tinuing improvement of the process and the product.

Near-future improvement potentials may be viewed as application
opportunities; the more distant as basic research opportunities or
requirements,

As discussed previoualy.. the two characteristics of an effective

forecast are reliability and relevance (Figure 13)., Reliability refers to

the power of prediction or level or expectable confidence, and relevance
refers to the relationship between subjects selected for projection and
the needs of specific planners and decision makers, Because both of

these are necessary, and neither is sufficient for effective forecasting,

s
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Figure 13. Characteristics of au Effective Forecast
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both must be improved. However, since their characteristic strengths
and weaknesses also differ, {ueir improvement must be approached

separately,

1. lmproving Reliability

__Reliability is a relative measure, varying £roﬁx sheer guess-
work arnd superstition to high-quality scientific prediction. The degree
of reliability required cf any given forecast depends on the criticality of
the subject in terms of its value to specific planners or decision makers.
Thus, both the acceptable level of reliability and the directions or sub-
jects ir which improvement is needed is a matter of relevance, while
this subsection deale only with the problem of how it may be done.

There are two underlying factors which contribute to forecasting
reliabi}ity in any given area. These are the consistency of logics and
the validity of premises (Figure 14). Again, both are necessary and
neither is sufficient to provide the po;vex- of prediction. However the
relationship between these factors is not symmetrical: logical consistency
may raise reliability up to, but not beyond, the validity of entering
assumptions, while logical fallacies merely reduce reliabilitf below that
level,

a. Improving Logical Consistency

Although evidence of logical fallacies is quite common in
the speculations which now saturate much of the public news media and
popular press, this study has found very little of it in the more serious
or professional forecasting methodologiel. Apparently this is because

the rules of formal logic prov{de adequate criteria for ascertaining

consistency in both the preparation and eyaluation of forecasting methods.
They are widely available in texts on philosophy, (Ref 52), ard it would

seem most serious forecasters are applying them. Almost without
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exception, such efforts meet the criteria of formal consistency; their
psedictions are necessary consequents of the premises employed.

b. Improving Validity of Premises

In contrast with the consistency of logics, there is con-

~siderable evidence in both professional and nonprofessional forecasting
that premises are invalid, Many highly sophisticated, mathematized and
computerized forecasting methodologies are being fed input assumptions
which are at best highly questionable, and in some cases empirically
denied. Thia is not a rare occurrence, but is extremely common, .
(Ref 53) Lack of awareness of recent empirical research is often a
contributing factor; old assumptions have been demonstrated as false,
but the forecaster does not realize it and continues to apply them for
projection. In other cases, a forecaster working outside his own area of
expertise intuitivély reinvents concepts long since sbandoned by those
more thoroughly acquainted with the field,

However, lack of information and intuition are only barriers to
present forecasting reliability; ti:ey are not of themselves barriers to its
improvement, The primary barrier to the improvement of forecasting
reliability in this and many other areas stems from exclusive reliance
on the rational logics.

While the rational logics are necessary in forecasting, they require
the operational assumption of certainty (or of known statistical proba-
bility), and so do not directly investigate the validity of premises. When
this assumption becomes habitual rather than only operational, individuals
and institutions also fail to investigate the validity of their premises and
so continue to assart projected conclusions as though the premises were
valid, This is certitude, It precludes the improvement of validity, and
so of forecasting reliability and effectiveness. As Alfred North Whitehead

states it: ’

The history of thought is a tragic mixture of vibrant disclosure
and deadening closure, The sense of penetration is lost in the
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- . certainty of completed knowledge. This dogmatism is the anti-
Christ of learning. (Ref 54)

Thus, whenever the available premises will not adequately explain

T ey

: the past or present, have repeatedly failed to predict the future, or lead
% ] to multiple competing and conflicting assertions, the utility of a rational
: —- approach becomes gzero, There is no benefit in further acquisition or
: projection of invalid concepts. A

{1) Prerequisites of Validation are based on the nature of
the barrier, Because certitude is nothing more than an habitual pattern

of thought, the barrier may be broken simply by assuming cne does not

A ey o———

know, In this case, the assumption of ignorance (or humility), means
questioning the validity of one's own assumptions and the premises he
intends to employ for projection. Once this is done, two alternative
means of establishing validity become available, These are submission
to authority and submission to evidence (Figure 15).

{2) Submission to Authority is the rational logic earlier

denoted as authentication, Rather than aseuming that we ourselves know

somethj.ng with certainty, it assumes thst soms:one else does, Thus,
this approach to validity merely sets the problerm back to the authority,
and ¢o has definite limitations, Because the authority itself must have

previously met the requirements of empirical validation (submission to

: evidence), only in those cases where axioms or experts have been \
B thoroughly tested and supported by a proven ability to predict does sub- ;
mission to authority escape its two unacceptable alternatives, These are |
(1) having to accept the auvthority on faith alone, or (2) submission to
higher and higher authoritics, an infinite regrese that leads to a dead end,

In all other cases, empirical rather than ratioral validation is the avenue

for improvement,
(3) Submission to Evidence is the empirical logic of

verification. It has a specific set of requirements (Figure 16),
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(a) Adequate Deﬁnition of the premise to be tested .

h necessary in order to determine what evidence will be required and
what sorts of observations will constitute affirmation or denial., This .
is why vague, imbiguc‘mo and overgeneralized premises cannot be
verified; they do not adequately define the conditions to which they do
and do not apply (limits), and the specific evidence required. Thus,
their validity is indeterminate (uhtestable).

The same limitation is found in non-replicable methods which dis- ’

guise or hide their assumptions, and in the inplicit assumptions behind
more replicable methods. They also make validity indeterminate,

These associated problems are quite common in some areas of fore-
casting, but they do not appear to be u.niversal. The avenue for improve-
ment is, of course. in more rigorous definition and explication.

{b) Observable Evidence is also neceuary for

empirical verification because even in those cases where premises do .
sdequately define the requiremeutn. if no evidence is available, valid.ity
is still indetermined (untested). Both verification and basic induction
require couipilation of exteneive data bases from empirical observations,
Lack of such bases is & major barrier in some areas of foredcting. and
dats collection is a prereq\ﬂiite of improvement. '
It is the requirement for observable evidence which sets the stage
for the one problem of fprec&stiﬁg most often cbniidered to be unique,
Empirical validation may test either premises or their deductive conee-
quences against observed evidence. The latter is the more common
approach, and is required when premises refer to nonobservable phe-
nomena. In forecasting, all predictions are fhemlelve' the deductive
consequents of dynamic premises, and testing them agai'n:t' observed .
evidence is the primary means of verifying those same premises, How-

ever, predictive consequents refer to future conditions, and a major
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characteristic of future time is that it presents no observable evidence,

This mandatory requirement for evidence which is not available we have

called the *time barrier.” )
(4) Alternative Means of Avoiding the '"Time Barrier"

are available through the same techniques employed in other fields of

... inquiry dealing with nonobservables (Figure 17). Such technigues involve

analyzing the problem to determine points at which observations are
possible, In the case of forecasting, all observable points lie in the
present or past, where evidence is at least potentially available, Two
means of employing such evidence derive from the pragmatic and the
experimental approaches to verification of dynamic premises,

(a) The pragmatic approach is the more common and

in many cases the more efficient of the two, .It simply involves making
one or more prediétions. and then waiting for the passage of time to
bring relevant evidence into the present where it can be obszerved, com-
pared with the predictions, and so used to affirm or deny the premises
behind those predictions. Much of the progress in the natural sciences
has been accomplished in this manner, and coﬁxe writers on the problems
of forecasting have maintained there is no otker way to validate any
prediction, Many writers also imply such verification is absolute,
However, in order to establish absoclute validity, one would have to test
all possible consequences against all possible evidence; it cannot be
attained as long as either remain xmaécounted for, In the case of dynamic
premises used in forecasting, neither evidence nor consequents are
exhausted so long as time and change continue., This is why no forecast
is == or can be --absolutely certain, Once it has become certain (a8
either true or false) in oné specific instance, it is no longer a forecast.
When the same premise is employed again for another prediction, that
prediction will again remain uncertain {by degree) until it ie no longer a

prediction,
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For this reason, the pragmatic or '"wait and see”t approach is not
a.dviaable in the case of long range forecasting or the forecasting of
critical subjects. It contains an inherent paradox, in which the evidence
necessary to determine whether a forecast is reliable or unreliable will
arrive simultaneously with the situation that same forecast might other-
" wise allow planners to avoid. : -

If the forecast is mude known to planners in advance, and they base
decision and action on it, this will alter the future condition by the degree
to which their actions are successful, In thie case, there iz no way of
tenmg what m ___5_1_1_ t have happened, and so no way to adequately test the
forecast. A few writers have suggested this side of the paradox be
avoided by locking a forecast away in a vault until its time pericd has
expired, thus providing an unbiased validation., This wou.'ld, of course,
make the forecast éntirely useless £or. planning.

It appears that under the "one-shot, "' ""wait and see' approach,
one may either increase the reliability of a forecast by testing it, or ite
relevance to planners by u;ing it, but not both, However, study of the
logics involved in forecasting indicates another aitemtive which bypasses
both the 'time barrier' and the "wait and see paridom. * This is through
experimental rather than pragmatic validation, |

(b) The experimental approach to verification of
dynamic premises employs the logical identity between prediction, '
explanation and retrodiction, Essentially, it so utilizes the time function
of such premises as to make their logical consequents fall into the past
or present. This approach is very common in the researck community,
where experimental testing has long been recognized as necessary. It
is also being applied on an ad hoc basis in a few forecasting projects.
Specific techniques are:

« Retrodiction, or projection backward over time. This is especially
useful for testing the hypothetical time functions produced by regression
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mlytil and employed for extrapolatmn. Presently, such time functions
are often not tested against evidence other than the data from which they
were obtained. Retrodiction may also be used for testing analogies, by
taking & present condition as final stages and working backward to the
earlier symptoms. Here, ohe tests an analogy by retrodicting what the
nymptoml thou.ld have been, and then looking in past records for evidence
of those symptoma. , .

Postdiction is projection from the more distant to more recent
past cr present. In the latter case, it is often referredito as explanation,

. the ulumption being that adequate explanation of the present condition

implies the power to have predicted it from an earlier period, This
technique is more common than retrodictxon, and i is apphed to both
extnpohﬁm --by withholdmg the la.ter portions of a data base 28 evi-
dence by which to test the functxon -oa.nd to analogies. In the latter case,
one postulates ,what past symptoms should have led to, and then checks
to see wﬁat they a.ctuaily led to in the more ieéent past,

Iteration of frequent‘ uhort-term verifica.tiohl is 8 compromise
technique that avoids the hazards of “one-shot" long range forecasting
by shortening the wait for evidence, It is more useful when applied to
trends than to amalogies, and wlnle it does not avo:d the reliability-
relevance paradox in the lhort nm, it does reduce it significantly in the
longer run. . o -

Simulation is another useful technique, if §arameten are clearly
defined and the analogy between laboratory and real world is tightly
drawn. Itacts to reduce the ¢ost of mistakes by fnldné the risk into a
less critical environment. It also mey serve fo artificially accelerate
the ba:uge of time, making simulated evidence available more quickly,

.  ¢. Criteria of Reliability

After reasoning our way through the mage of barriers,
mental and natural, which underlie the power of prediction, if we
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. successfully avoid the several pbhilosophical dead ends, we arrive at four

main requirements. Two of these relate to logical consistency. and two .

¢

E . provide an indication of validity. Together, they represent useful criteria \

for the preparation or evaluation of forecasts.
(1) Methods Must be Replicable, because if they are not

there is no way to determine either consistency or validity. This does

not mean that non-replicable methods such as prophecy, intuition and
expert judgment are incapable of delivering reliable forecasts, but omnly ?
that there is no way to evaluate them in advance. If ap individual expert :
has a long record of successful intuitions, one certainly has increased
justification for expe‘ctinz better than average success in the future;
however, this is mbre akin to faith than to hard evaluation, ‘
(2) Logics Must be Formally Consistent. " While most '

forecasters and evaluators of forecasts are not formsally trained as
logicians, they are accuetomed to rigorous thinking, and are quite
capable of spotting the more obvious fallacies. When a particular method
is to be employed over an extended period or for highly critical subjects,
additional evaluation by formally trained logicians may assist in dis-
closing the less obvious fallacies,

{3) Premises Must be Explicitly Stated and Adequately

Defined. The digging out of implicit assumptions is one of the most time-
consuming but essential steps in evaluating forecasts. However, if they
sre not disclosed, they and those pcitions of the forecast based on them
are of indeterminate v#lidity. Vague, ambiguous and overgeneralized : _
assumptions also make sections of a forecast indeterminate, '

(4) Premises Must Have Been Tested a.nd Supported by

. Experimental or Past Pragmatic Validation, In this arés, a thorough

awareness of -- and continuing contact with -- research efforts in the

empirical testing of relevant concepts is essential for both the
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preparation and evaluation of forecasts. Degree of validation is the most
vital of these criteria, and further empirical research is the primary
avenue for improvement for forecasting.
d. Pseudo-Criteria of Reliability
(1) The Type of Display Technique Employed -- whether
this i# oral, written, mathematical, computerized or graphic --holde

little correspondence to the reliability of a forecast. Personal preference
for a given technique has led some forecasters, evaluators, planners
and decision makers to assume it also implies greater reliability.
Several surveys have differentiated between "forecasting methods"
almost entirely on the basis of display technique, |

{2) Sophistication of Method, There appears to be an
assumption in some areas of forecasting that the degree c;f mathematiza-~-

tion or computerization is 2 measure of reliability. Much of the present

debate between the so-called '"quantitative' and "qualitative' schools

derives from this assumption and its opposite. Both tend to overlook the

fact that mathematics is no more than a very concise and precise language.
{3) Certainty or Confidence Implied by a forecast is not

a criterion of its reliability because all projections are deductive conse-

quents and deduction implies certainty whether or not fhis is justified,

Fallaciour reasoning from invalid premises still terminates in statements
of invalid "fact. " ‘
(4) Longevity of Axioms and Reputation of Authorities as

criteria of reliability stem from the implicit assumption they have
“withstood the test of time. " The critical factor here is not the length of
time, but the degree of testing. Both axioms and experts have stood over
time solely because they were not tested. (Ref 55)

(5) Indications of "Self-Defeating" or “Self-Fulfilling"

Bias are not a sufficient reason for accepting or rejecting those conclusions,
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Both "'self-defeating” and "selfofulle..ng" predictions have proved :o be
reha,ble, examples of both have also proved to be xmrehable, .

(6) Depth of Analysis and Detail of Argument or illustra- '

tion are inadequate criteria because they may represent only a large
number of subsets deduced from one invalid premise. The fineness of
calculation and the number of places to the right of the decimal in state-

ments of prnbability or correlation are inadequate criteria for the same

reason,

(7) Plausibility is perhaps the most common criteria for
evaluation of forecasts. Several projects now derive projections mathe-
matically or by computer, and then systematically route them through
panels of experts for a plausibility check. The process follows the logic
of authentication; the evaluator or evaluators classify forecast conclu-
sions as plausible or implausible by reference to their own a priori
understanding, which is assumed to be authoritive. In less formal evalu-
ations, the decision maker himself reviews the foreca_st and rea.clies a
conclusion in regard to its plausibility, based on his own experience.

This is a useful but inadequate approach; useful, because it may
back up aieas overlooked by the forecast and catch either wild speculation
from loose analogics or blind extrapolations; it is inadequate, because
it limits the criteria of reliability to what the evaluator already believes. . ot
If a forecast tells us no more than we already know, it is rather 2 waste
of time; if it does tell us more than we now believe, it is apt to be judged *

as unbelievable, or implaueible, and so rejected.

2. ImprovuiRelevanc e

As previously discuased, the relevance of a.nythxng may only
be determined by ite position in a given set of human values, The reason '
a particuler set of values must be specified is because human values are

not universal; the same situation or set of facts may represent a positive
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value or "good" to one corporate actor, and the exact opposite to another, _ °
;I'hul, the first requirement of improving relevance is to identify not only
positive and negative values, but the actor who holds these values (Fig- .
ure 18).
" Very few modern forecasting operations are purely academic or
scientific activities; they are initiated and conducted specifically as a
means of providing decision information for the planners and executives
of an agency, corporation. military command or national government,
Thus, the relevant subject areas are those from which these particular
planners need forecasts, and it is the misasion of that specific organiza-
tion which will determine their criticality.

While it is impossible to list relevant subject areas without indi-
cating the neede of a particular actor, it is appropriate t'c} discuss the .
characteristic needs of planners and decision makers in general,

“ & Characteristics of Normative Correlation (Planning and .
Decision Making) (Figure 19)
Both planning and decision making are normative activities;

that is, all plans and decisions are made by correlating knowledge of
facts with knowledge of values. What is must be weighed against what
ocught to be, and what can be done is balanced against what should be done,

By use of economic terminoclogy, a number of factors pertaining to
knowledge of values may be subsumed under their more general equiva-
lent, demaud. These include such considerations as ends, objectives,
requirements, etc. Similarly, kn\owledge of facts pertaining to means,
capabilities, resources, etc., may be clustered under the term supply
(Ref 57). Knowledge of both demand and supply factors is required for
optimum decision, but neither is sufficient because of the characteristice .

of their correlation,
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Demand information determines the relevance of any means, cap3-

bilities or resources, present or future. Where demand informaticn i3

lacking or invalid, the relevance of any supply is indeterminate.
Supply information determines the practicality of any ends, cbjec-

tives or requirements, present or proposed, Where supply information

_ is lacking or invalid, the practicality of any demand -~ or of any policy

based on demand -~ is indeterminate.

For example, 8 forecast is designed to supply infomuﬁon de-
manded by a particular set of planners, The forecast is irrelevart if it
does not address these specific demands, and the plan is imgractical i€
it is not suppned with a reliable forecast. '

With this correlation in mind, we will turn to an analysis of the
sorts of information planners need in both demand and cu'pply. in order
to identify the basi.c elements of the relevance problem,

b. Analysis of Demand (Figure 20)
Since planning is essentially concerned with the futm'en

plannerc require information in regard to both present and future ends,
objectives and requirements. Where present and future demands differ,
a change of .policy is indicated; thus both are necessary.

The time range thtoqgh which demand information is needed is
again a function of the particular agency or actor. Operstional and tac-
tical units usually plan for one year; applied and developmental research
organizations look five to ten years ahead, and basic research, strategic
and general policy objectives range twenty years or beyond. Forecasting
at longer ranges than needed is both costly und inefficient; forecasting at
overly short ranges leads to plans and policies with a high probability of

‘short-term gain long-term loss. The latter is by far the more common

case, with long-term 'backfires' coneiderably in evidence.
Present ends, objectives and requirements are baced on one's

own, or his agency's values. In many cases, these values are designated
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as the mission or objectives of an organization by its parent or con-
trolling agency. They are usually well recognized.

The most common method of ascertaining future demands is the -
implicit assumption that ends, objectives and requirements will remain
essentially unchanged. For short-term forecasting, this assumption is
often adequate, and slight alterations can be met as they occur. For
longer-term forecasting, the assumption becomes progressively risky,
and since the sort of agencies typically interested in long-term forecasts
usually also have long lead times and slow response rates, they are not
only in danger of surprise, but surprise at a point too late for effective
correction, T - .

A second approach is to forecast futui-e demand by extrapolation of
present and past trends, This technique is also adequate for short to
middle ranges in many cases, but again, the assumption of continuance
becomes hazardous at longer ranges. This is because extrapolation is
incapable of showing forthcoming discontinuities or inflection points, and
its potential for surprise increases with range,

A third approach is to analyze the future demand of a given agency
for those factors which may cause it to change. These factors may then
be extrapolated individually, and by analogy to their known relationships
(sign and degree of causality), inflection of the whole may be indicated at
some future period, This type of projection is called trend correlation,

and is far more relevant to the needs of long range planners than are its
alternatives, It is when we are forced to analyze demand for such indi-
vidual factors that we discover the significant elements usually overlocked
or excluded by the other techniques,

The major factor excluded by most extrapolations of demand ie the
influence of other agencies or actors. If this factor remains constant,

one's own ends are aleo likely to remain constant, and the assumption of
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similar requirements will prove to be valid, If changes in others' in-
fluence continue at the same rate as they have in the past, the technique
of cxtra.pohtion will provide adequaté information., But if tbh factor has
been excluded, and subsequently changes at any other rate, surprise in
the form of drastically altered requirements is highly probable, and
whether or not a change of policy will have enough time to prevent drastic
loss is questionable. Dehyed renﬁonce and overéorrection are both
symptoms of inadequate anticipation.

Since this factor relates to actors or agencies, which agencies
must also be specified. The main division is between those which will .
provide luppOI;t or designate a change of values for the initiai agency, and
those which will provide threats in one form or another. The former
include both subordinate and superior units or actors, and the latter in-
clude enemies and competitorl. Any or all of these may influence the

) ends, objectives, and requirementc of one's own agency.

The direction of such influence depends on the values of these
relevant actors; the magnitude of threat or promile will depehd on their
means, ‘ctpcbilitieo and resources. Because their future actions are also
based on normative decisions, both their demand and their supply must
be considered. - ’

Taking only the demand line for this analysis, we find the pattern
continues through several stages, but finally rests cn the various sets of
human values aligned or opposed to 6ne'o own or his agency's. Analysis
of demand will indicate which sets are relevant to any given actor's
future demands, but in every case, it is in the area of human values that
analysis stops. These are thue the basic problem elements of forecasting
demand, Information in regard to what specified groups of people value
is necessary if surprise is to be avoided in the forecasting of ends, ob-
Jectives and requirements, including those of future Air Force miulonn'
and the needs future technology will be asked to fulfill,
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. - c. Analysis of Supply

Planners also require information in regard to both pres-
ent and future means, capabilities and resources. Again, the range to

which such informaﬁon is required will depend on their particular opera-

tion, with its characteristic delays, sequences and process lags.
‘ (1) Present Supply information depends on knowledge of
facts, Facts are realistic, in that they pertain to things which exist or

do not exist regardléss of anyone's belief. You either have such a capa-
bility, or you do not. The.hazards of assuming one hal> more capability
than he actually does, and the waste of assuming he haa less, have led

most forecasters and planners to a detailed search for the fad_:l; Inven-

tories, surveys, accounting systems, ctc., serve the need for empirical

. fact-finding in most agencies quite well,
Most forecasting and planning activities appear to be vitally con- 1
. cerned that their perceptions of fact are accurate reflections of the actual

condition of their own and others' capabilities, However, it must be i

- stressed that decision and action are initiated on the basis of perceived
capabilities, rather than actual capabilities. Various actors' perceptions
are an important factor in projecting what they will attempt to do, as

Tr

their actual capabilities are important in forecasting how successful or

unsuccessful such an attempt is likely to be.

i ety Fove ey Y3

(2) Future Supply (Figure 21) sbowp toa gr'eater degree

than any of these analyses the basic problem elements involved in rele-

vant forecasting, because more of them have to be considered.

The first division is between factors independent of all human

opinion, and those which depend on some other agency's decisions. Both
. must be considered because the natural factors act as limiting or enabling
parameters, and the humanistic elements underlie potentials for change
. within those parameters. '
E 147
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. On the natural factor side, there is also a perception filter; means,
capabilities and resources will be fundamentally limited by natural laws, .
known or unknown; however, choices will be limited within present
knowledge of these laws. The potential for nuclear energy manipulation
has always been within the bounds of natural laws, but only with increased
knowledge did it become a human resource or capability. Increasing such
knowledge is 2 major avenue for improvement of forecasting (by knowing
the limits), and for planning (increased latitude of choice). Here again,
massive efforts are under way.

On the other side of the division, more and more forecasts are .
taking into accbunt the influence of others' decisions, but still exclude a

major portion. Others' decisiona are also a correlation of their own

demand and supply. Where human decisions underlie such vital areas as
an agency's future budget, market, or threat, they contribute a highly
significant portion of the information needed to ascertain that agency's

future means, capabilities and resources. ‘

Tracing down the demand line underlying a given budget, market,
or threat leads again to the relevaat sets of human values. Future capa-
bilities and the purse strings follow the same path, |

Tracing out the supply side leads to an iteration of the.analysis,
through essentially the same series of actors, with the demand side re-
appearing at every iteration, O~ the supply side, the factor of perception
also continues to reappear as every agency will base action -~ including
the decisions to allocate or withhold resources --according to perception
rather than absolute fact. This then finalizes the analysis by completing
a list of basic problem elements.

"d. Criteria of Relevance
Having again followed the nature of underlying causes

through a lattice of linked implications, we find a set of consideraticns
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necessary for any forecast if it is to provide information relevanf to
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planners and decision makers. Of these, two are in the area of realistic

bovledge and concern factors independent of differing human opinions,

and two fall into the area of humanistic knowledge concerned with what
particular groups of people value or perceive. Together, they also pro-
vide useful criteria for the preparation and evaluation of forecasts.

(1) A Forecast 2fust Consider Relevant Sets of Human

YValues, beginning with those of the using agency, and including those of
that agency's potential supporters or allies, and its potential competition

or enemies.

The forecast need not consider the values of any agency or .

actor unable to exert a significant influence for change in supply or
demand during the forecast period. Thus, short range forecasts typically
need consider less actors than long range forecasts., .

(2) A Forecast Must Consider the Percepticns of Relevant

Human Agencies., Here, the using agency may be excluded if efforts are .

under way to ascertain actual conditions. Other agencies whos§ percep-
tions of fact are relevant follow the divisions of relevant values,

{(3) A Forecast Muet Consider Actual Facts Inscfar as

These }May be Determined. This includes the actual capabilities of all

relevant actors, and is required to project the likely outcomes of conflict
and cooperation, as the humanistic factors are required for projection of
initiation or onset,

(4) A Forecast Must Consider the Limitations of Known

Natural Laws, essentially in conjunction with and for the same reasons
as its consideration of actual facts, Both of these relate to what can and
cannot be done -~ or planned for with practicality -- within the forecast

period,
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3, Combined Improvement
When the criteria of relevance and reliability are applied
jointly to a fairly representative sample of current social, economic,
political, military and technological forecasting efforts, {Ref 58) they:

" reveal a major imbalance between relevance and reliability, as well 23

HRTRT R LR T

the one between logical consistency and the validity of premises, In all

areas of forecasting, the present situation is that projections which are
acceptably reliable are only partially relevant, while those which are
acceptably relevant are only partially reliable, Essentially, the smaller
portion of the overall problem can be forecast fairly well, but the larger
portion hardly at all, '

a. Relevance .

Except for the prediction of purely natural phenomena, the
great raajority of critical problem elements rests directly or indirectly
on various clusters of aligned or opposed human values, and differing
buman perceptions., Forecasting is not only a normative activity degigned
to supply information needed by planners and decision makers, but most
of its subject matter is also a normative combination of humanistic values
and perceptions, and realistic facts or natural laws. Thus, the human-
istic factors are highly relevant to forecasting anything which can be
influenced by human beings. Such factors underlie:

(1) Any Forecast Involving Conﬂict; Cooperation, Com-
petition or Assistance, This includes relations between social strata,

economic classes, political entities such as factions, parties and nations,
military threats, and technological assistance, In essence, it pertains
to all relations between hurnanistic entities or corporate actors.

(2) Any Forecast Involving Ende, Objectives, Needs or

Desires. This again includes all humanistic actors. A few examples

are the nature of needed research, development and technology transfer,

151

—— e — . [ B
.

=
=
B
9
%

-

SRS A P m WAL SOR% WY,
. .

SRS L AR SRt N T

B R




e

L

the goals of social, economic and political planning, the nature and
;xrgency of future military missions and the social needs technology will
be asked to fulfill, These are all basically market forecasting.

{(3) Future Allocations to any of these needs, This in-

cludes future research and development budgets, military manpower,
equipment and resource allocations, and their industrial equivalents;
hence, future military, technological and economic capabilities. These
are basically i:roduction forecasting.

b, Reliability
At the present time, t'he realistic realm of kno;ledgé is

developed far beyond the humanistic. Knowledge of what any given group
of people values or perceives is of questionable validity, usually due to
il1~defined and untested assumptions.

Ignorance of humanistic factors makes effective forecasting im-
possible in eny area influenced by human opinion, evaluation or belief.
Certitude is again the primary barrier to improvement, under five

headings:

{1} The assumption that human behavior is inherently

unpredictable,
- {2} The assumption that study of humanistic factors is not

relevant to & parﬁcular area of forecasting,
- {3) The assumption that all men perceive and evaluate

the same situation identically (rational man),
(4) The assumption that present theories will adegquately
explain and predict human beliavior, with a subsequent rationalization

rather than investigation of their failures to do so.
(5) The assumption that other people's val_2s and beliefs

are like one's own, already understood, and unchanging. This leads to

dismissing others as irrational when the assumption proves to be false.
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. c. Typical Imbalances -
(1) Technological Forecasting efforts tend to avoid the

relevance/reliability dilemma by excluding humanistic factors altogether,
assuming they will remain constant, or emphasizing only the impact of
technical capabilities on these factors. By confining themselves to those
aspects of technology dependent on the natufa.l sciences, such forecasts
are often acceptably reliable, but suffer from a lack of relevance. The

e:écluded factors are the same ones which exert their influence over time

- to render the forecast ineffective.

(2) Social, Econon:ic and Political Forecasts tend to rely

on present theories without testing them, and to accept the cpinions of
This is a condition similar to many points in
the history of natural science where development was arrested rather
than facilitated, Non-replicable methods, implicit assumptions and lack

experts as authoritative,

of empirical validation make many forecasts in these areas of indeter-
minate reliability, even though they deal with highly relevant subjects.
(3) Military (threat) Forecasting efforts, althougbk under

considerable pressure to confine themselves to the natural sciences and
technology, largely meet the criteria of relevance by including humanistic
factors. However, they also tend to accept theories and experts without
testing them; thus, they also suffer from indeterminate reliability,
d, Expectable Results of Imbalance
Either irrelevant or unreliable knowledge will lead to

ineffective forecasting, planning and decision making. The general im-
plication of ineffective forecasting, planning and decisicn making is sur-
prise. A second implication in the case of long range forecasting is '
surprise at a point where it may be too late to take corrective action.
Because the presently lacking or invalid information pertains most

strongly to demand, the characteristics of deciaion making imply that
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surprise will concern the relevance of future apabiiitiec. Thus, loc_:hl.
;conomic, political, military and technological surprise is most likely
to be seen as: ‘

The belated discovery that capabilities are urgently needed, but-

not aveilable because the need was not foreseen,
The belated discovery that capabilities are available but no longer

needed, because the chanse of neced was not foreseen.

Together, these two forms of surprise may be described as being
perpetually prepared to deal with the pait. and peipetm.lly unprepared
to deal with the future,

e. ;Indicated. Avenue fbr Maximum I;nprovement

~ The area of knowledge presently the most relevant and the
least reliable is in the humanistic realm and concerns what other groups
of people value or 'perceiire. Because the primary barrier is certitude,
we must first a‘uume' that we do not know what other groups value or
pez"ccivo. The second bariiqr is ignorance; with the primary barrier
removed, this may be reduced by diligent and persistent gathering of
empirical observations, sequentially over time and precisely referenced,
concerning the physical, written and verbal behavior of numerous human-
istic actors. Which actors, and at what level, will &w to be determined
for individual forecaoting efforts. )

Compiled behavioral data will have to be carefully studied for either
continuing trends, repetitious patterns, 6: preferably, both, Covariation,
or like response by two or more sctors to the same stimuli, will also
prove valuable &s a precursor of potential alignment.

These hypotheses of variation or covariation will have to be tested
through retrodiction, postdiction, iteration or simulation.

By inferring from tested patterns of change what a given actor is
working toward or away from, further insight as to that actor's goals
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(values), and beliefs (facts) may be developed. These may then be further
tested, and if supported, can be used for projection of long range objec-
tives, strategies, and directione of action.

A second approach would be to take existing social, poiitical, and
economic theories as trial hypotheses, define them rigorously, and sub-~
This also requires
elimination of certitude and reduction of ignorance through compiling
It is likely that many such theories
would show acceptable predictive power under carefully delimited and
specified conditions, Others might be denied entirely, but at any rate,

mit them to testing against empirical evidence.

sequential observations of behavior.

their reliability would no longer be indeferminate.

Together, these two approaches may be deacribed as empirical
research in the human sciences; the first basic, and the second valida-
tion. Developmen.t of reliability in this area through application of the
process, but not the products, of the more developed sciences is the
primary avenue for improvement of long ra~ge forecasting, planning and
decision making in all areas investigated by this study.

Viil, CONCLUSIONS

This section is designed to restate in as concise a form as possible
the major findings of the study. Although many more insights were
developed in the course of the research and are inclutied in the body of
the report, the following are considered to be fundamental.

1. Forecasting is a natural and universal activity of the human
mind, a system of mental or logical processes implicit in all planning and
decision making, applicable t;: any conceivable subject area, and capable
of producing information in regard to future conditions, As such, it is
essentially philosophical in nature, rather than being the exclusive

property of any given subject area,
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R m mental or logical processes of forecasting lnclude-

(l) Muctive selection of subject aveas relevant to the problem at band

or t'oc purpose of the forecast, (2) inductive formulation of opinions
regarding patterns of change suggested by compiled observations made
sequentizlly in past or present time or process (3) transfer of such
opinions from generating to using individuals, agencies or memory banks,
(4) testing of induced or transferred opinions agair;ut further empirical
observitions {5) deductive projection of logical consequernts into future

_time by assuming patterns of change incorporated by thase cpinions will

either continue (trend) or repeat (analogy), and (6) remembering, re-
cording, displaying, or transmitting these logical consequents.
3. The product of forecasting is called foreknowledge, but is
actually no more than the necessary consequents of Ppresent knowledgo
or belief, exists only in the precent, and is itself subject to cha.nge. It
ie to this cxtent alone that men may know the future, since the future is
not amenable to &irect obsemﬁon and so presents no observable evidence,
4. The utility of foreknowledge is that it forms a prerequuito of
effective power in the fullest sense of that term: the atility to comcioucly

direct change. Human beings are powerless to alter the past and rela-

tively powerless to alter the present. Only through the {uture effects of
present actions do they actually cause change. While men can predict
changes which they carnot cause, and cause changes which they cannot
predict, it is oaly in those areas where they can combine these two
ebilities that they are able to control their environment,

5. l‘lnctnnd ability to'cause change, such as an advance in tech-
nology, provides increased alternatives for action and thus increased ‘
latitude for cholice. Increasing the altercatives requ!rei an increased
ability to forecast the outcomes of sach before deciding between them,
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. Conversely, increased alility td forecast can incréase the latitude of
choice by disclosing otherwise unforeseen alternatives. Forecasting a=d
. the latitude of choice are directlyv related. -
6. The two characteristics of an effective forecast are reliability
and relevance,

(1) Reliability is & function of logical consistency and the

-~ validity of premises, wherein consistency may raise reliability up to,
but not beyond, validity. For this reason, the scale of reliability which

ranges from sheer guesswork through approximation and estimation to

high quality scientific ptediétion is most closely relatad to the objective
validity of entering assumptions,

{2) Relevance is the relationship between knowledge of facts
and knowledge of values, In forecasting it is seen as the ratio between
the information préjected by a given forecast and the information desired
by the planners and decision makers that forecast is designed to assist,

s This includes both subject areas considered and the causes of change

- underlying these subject areas. Relevance may vary from completely r

inappropriate considerations to a degree approaching but seldom attainiag
the inclusion of all pertinent considerations,

7. The result of ineffective forecasting is surprise, the symptom
of belated recognition. Declayed response and overcorrection are also
symptoms of ineffective forecasting. Short run gain with subseguent long
run Joss -~ the "backfire effect' <=is a symptom of overly short fore-
casting ranges, Where ineffective forecasting is due to unreliable knowl-
edge (logical fallacy or invalid sssumptions), surprise will be constant

over time, Where ineffective forecasting is due to & low degree of rele-
. vance (exclusion of significant causes of change), surprise will increase
exponentially over time as the excluded elements exert their unaccounted-
. for influence for change, For this reason, the number of relevant con-

siderations will increase in direct proportion to the desired range of forcast.
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) 8, Forecasting includes four major modes of reasoning: induction,
verification, authentication and deduction. Induction and verification are
emziricﬂ end require the operational assumption of uncertainty. They
act to increase the quantity and quality of knowledge. Authentication ard
deduction are rational and require the operational assumption of certainty,
They act to transfer knowledge from one memory bank to ancther, and

to apply it for the solution of practical problems. In all forecasts, the
projection stage is deduction over time, with foreknowledge being the

. necessary consequent of present knowledge or belief.

9. The cause of ineffective forecasting is ignorance, & lack of
relevant and reliable 'knowledge. Where knowledge is not available,
forecasting is impossible; where it is incomplete, forecasto ars mnly
partially relmn_t.- md where it is invalid or fallacious, (orec&atc are to
the same degree unrelisble, Ignorance is not knowing enough {quantity)
or not knowing well enough (quality), , |

10. The barrier to iinprovement of fo:eca;ting is certitude, the
sssumption that present knowledge is adequately cﬁmplete. consistent or
certain, Where ignérmce is not knowing, certitude is belkving one
slready knows, It precludes the necessity of learning, and so the advance
of knowledge by quantity and quality, and the improvemeﬁ: of tbrocuting
by relevance and reliability,  Because certitude is an habitual pattern of
thought, it may be reduced by the operational aoaumptidq of uncertainty,
This assumption marks the shift {from ratjonal logice (deduction and
authentication) to empirical logics (induction and verification). Thue,
empirical reasoning is required for the improvement of forecasting, as
rational reasoning is required for ltro operational application,

11, The two major types of forecast are prediction and prescription,
which are comblnéd in the process of planning or decision making. Pre-
dictions are based on and project knowledge of realistic facts essentially
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independent of human values. They deal with what can be (pos sibilities)
or can be done {capabilities) in the future, Pre‘acriptiona are bagsed om-
and projéct knowledge of humanistic values entirely dependent on the
varying perspectives of individuals, corporate actors or agencies. In
each case, every question of value must specify an actor -=- value to

- whom? -- because human values are not universal, Prescriptions deal
with what should be (ideals) or should be done (ethicu) in the future.
according to particular actors.

A relevant forecast of what will be (conditions) or will be done
(actions) in the future must consider the predictions and prescriptions of
the agency which will use the forecast for decision infor'nation, that
agency's potential allies or customers, and its potential enemies or com-
petitors. It must alsoc include predictions based on naturzl laws, as they
pertain to these aciort. The prescripticns apply to the intentions and
directions of effort of all actors, and hence to the initiation of conflict
and cooperation. The predictions apply to capabilities and the likely
success or failure of intended efforts by all actors, and .lo to the potential
outcomes of cdnflict and cooperation; hence, the resultant future condi-
tions., Future conditions in any area affected by human actions cannot be
projected by realistic prediction alone,

12, -The two basic techniques of projection -- whether applied to
facts or values -- are extrapolation and prognostication, Extrapolation

is the projection of trends on the assumption that patterns of change
ovbserved in the past and present will continue into the future, Its major
weakness is the inability to predetermine an inflection point or die-
continuity, Its major strength is ease of application. Prognostication

is the projection of analogies on the assumption that patterns of change
observed in the past and present wili repeat under similar conditions in
the future. Its major weakness is the inability to project at ranges ‘
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longer than those of the observed pattern. Its major strength is the pos-
.ibility of continuing refinement over many trials.
Trend correlation combines these two techniques in a manner that

tends to reduce the weaknesses of both., Complex systems are analyzed
to underlying causes, which are extrapolated individually and then re-

combined by analogy to their known interrelationships. The extrapolations

provide preconditions for the analogies, and the analogies allow the com-
bined projection to show inflection points and discontinuities,
13. The testing of forecasts may be accomplished aga.inot‘ either

present or future evidence, Testing against future evidence requires

waiting for the passage of time to make evidence available, In the case
of long range forecasting, this involfret a paradox wherein the forecast
may be employed for decision and action, or tested against unbiased
evidence, but not both, Testing forecasts against present evidence is
possible because of the logical identity (deductive) of retrodiction, post-
diction and prediction, which reason from present assumptions to the
past, present, or future unknows. The requirements of such testing
are: (1) replicable methods, (2) adequate definition, (3) explicit state-
ment, and (4) relevant observable evidence. A forecast produced by
such non-replicable methods as prophecy, intuition or expert judgment *
mucf be accepted or rejected on faith in the source, Vague, ambiguous,
overgeneralized, or implicit assumptions, and those assumptions for
which no relevant evidence is available cannot be tested in advance; thus,
the ielhbﬂity of forecasts based on them is indeterminate.

14, Reliable forecasts may be produced without consideration of
cause and effect linkages., However, such forecasts are not relevant to
the needs of planners and decision makers who will attempt to obtain or
avoid the forecast condition, because they do not include the likely con-

sequences of alternative actions, These consequences must then be

o re?

160

D S TAPAFTRTINE.

ok Y, §




- -’ P,

P S e Mo SRR
Ky T Ry AT ,.‘?“, YR “
AR A B SR R

learned by potentially coctly; trial and error. Planners and decision
makers need to know the linked chains of effects their alternate choices
of action may cause, This is a major task of any relevant forecast. )
15, While "self-fulfilling' and "self-defeating'" predictions are an
ever-present problem in forecasting and are always to be expected, the
problem is not beyond remedy. Where such bias is a form of salesman-
:i:ip, it may be reduced by use of independent evaluators. Where it is a

matter of national, 'cultura;l, or academic predispositions, it may be
reduced by diversification and dialogue auch. as interdisciplinary
research, Personal bias is amenable to the same approach.
16. Finally, the problems and potentials of long range forecasting
are those of organized knowledge. The effectiveness with which men
. exercise their historical ability to forecast, plan and decide, and so to

consciously control the patterns of change, may be improved to a degree

4

. approaching, but never attaining, complete and absolute c&értainty. The
quantity of knowledge which underlies degree of relevance may approach

. but not attain total understanding. The quality of knowledge vh{ch under-
lies degree of reliability may approach, but so long as time and change
continue, never attain absolute validity, Thus, the manner in which long

e T

range forecasting of any or all subject areas may be improved is first to
assume that present knowledge is neither complete nor certain, and then
to systematically reduce uncertainty through the acquisition, organizaticn,
exchange and empirical validation of knowledge. The systematic reduc-
tion of uncertainty is an inherently endless process, and requires the
concurrent realization that uncertainty will never be entirely eliminated,
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chology, and the assumption of “rational man' which underlies
several schools of political science, economics and saciology.

Harold Linstone, '"Discuesion,” Second Symposium on Lens-Range
Forecasting and Planning, Alamogordo, NM, 11-12 Oct 1967

(Asir Force Office of Scientific Research and Office of Research
Analyses) publicativa due in late 1968,
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37.

38,

39.

43,

Dicticenry of the Russianihmguagg,' as cited in: R, N, Carew Hunt, s
A Guids to Communist Jarzon (NY; MacMillan, 1957) p 1.

Jantsch makes this point very clearly as the central theme of his ’ .
work. His term "exploratory forecasting' would correspond to o
our usage of "prediction’” in the sense of factual projection, and

his "normative forecasting'" would correspond to our "prescription, "

Martin Goland, "What Makes Technology Run?* Air Force and
mce Dizest, Vol 51, No. 4, April 1968 (Washingtca, DC; Air
Force Associstion) pp 116-118. This is one of the few articles
found to stress the controlling impact of social values on future
technology.

U.S. Department of the Interior, Office of Water Resocurces
Research, Cocparative Water Regources Research and Training;
1966 Annunl Renort to the President (Washington, DC; U.S. Gov-
ernment Printing Oifice, Dec, 1966) p xix,*

Robert 8. McNamara, "Address before the American Society cf
Newspaper Editors, Montreal, Canada, May 18, 1966," Defense
Industry Bulletin, Vol 2, No. 6, June 1946, Y

Richard S. Rudner, Philosophy of Social Science (Englewood
Cliffs, NJ; Prentice-Hall, 1966) p 60,

Jantsch, Part1l, pp 109245,

Daniel Bell, "Twelve Modes of Prediction; A Pfeliminarr Sorting
of Approaches in the Social Sciences, " Dnedalus, (Richmond, VA;
American Academy cf Arts and Sciences, Summer 1964).

de Jouvenel, based on a survey of points made. Also: "The Art
of Thinking About the Future, ' The Futurist, Vol 1, No. 6,
December 1967, pp 93-95,

Dimitry N. Ivanaff, R, A. Young sud H, L, Calhoun, Structure of
a Methodology for Environmental Projections {Huntington Beach,

- GA; Douglas Aircraft Ccmpany, 1967) ORA Report 67-0004,

Appendix V, .

Interservice Technological Firecasting Methodology Study Group,

Report on Technological Forecasting (U, S, Army Materiel Command, .
Naval Materiel Command, Air Force Systems Command, 30 June
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47,

49,

50.

51,

- 82,

54,

55.

56.

57.

Mario Bunge, Causality; The Place of the Causal Princinle in
Modern Science (Cambridge, MA; Harvard Universgity Fress, 1659)
p 332,

Kaplan, p 375.

David Braybrooke, Philosophical Problems of the Social Sciences,
{NY; MacMillan, 1965) p 15.

Kaplan, pp 136-137,

Bruce M. Russett, 'International Regions and the International
System, " pre-published manuscript, Ch, VIII and IX,

Ole R, Holsti, et al.,, "East-West Conflict and Sino-Soviet

Relations, " The Journal of Applied Behavioral Science, Vol I, No, 2,

April-June 1965. pp 115-130,

John A, Hutchins, Martin Marietta Co., Denver; Personal Com-
munication, -

S. F. Barker, The Elements of Logic (NY; MacGraw-Hill, 1965)
See also Bittle, and Chase references,

Based on formal and informal evaluations of forecasts and fore-
casting methodologies by this office., See reference 58,

Alfred North Whitehead, Modes of Thought (NY; MacMillan, 1938)
p 81.

Kaplan, p 12,

Peter G. Fishburn, Decision and Value Theory (NY; John Wiley &
Sons, 1964) Operations Research Society of America. Publications
in Operations Research, No. 10, p 2.

Interservice Technological Forecasting Methodology Study Group,
pp 1‘70

Includes forecasts and methodologies from U.S, Army, Navy, Air

Force, NASA, industries and research institutions, a total sample
of 23 separate projects to date. Specific {indings of formal evalua-
gions are considered proprietary to the agencies involved.
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APPENDIX A

AN INTERROGATION MOLEL FOR THE EVALUATION OF
’ FORECASTS AND FORECASTING METRHODS

In keeping with the requirement for making methods repl.{cable and
premises explicit, we have outlined a pattern of reasoning whereby
criteria of relevance may be developed and criteria of reliability applied
to estimate the potential effectiveness of forecasting in a given area, oz
of a given or proposed forecast or forecasting methodology. It should be
stressed that such a model does not provide absolute answers, but only
assists in organizing inquiry and evaluation,

Because any forecast is a normative activity, it must consider both
values and facts, or as we have designated the terms, demand and supply.
Because forecasting is a function of organized knowledge, its demand
aspect involves what one needs to know and how well he needs to know it,
while its supply aspect involves what he actually knows and how well he

knows {t. As in many normative situations, present practice teads to

concentrate on a realistic appraisal of supply, and to neglect the human-

L)

istic appraisal of demand, Thus, in forccasting, we are more aware of
what we already know than we are of what we need to find out. This
model has been designed to incorporate both demand and supply aspects.

i 1. General Structure of the Modsl
] The model has been desiganted as intarrogation rather than

analysis, because it employs a structured series of questions rather than
statements, This tactic wae chosen because it avoids the primary bar-
rier to all inquiry, which is certitude; the assumption that we already

. : know, Thus:

(1) The major premise of the entire model is that of uncertainty,

: Like Clerk Maxwell and Socrates, we begin by assuming that we do not
know,
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Figure Al, Overview of the Model

MAJOR
PREMISE

UNCERTAINTY

v

DEMAND ?

OVERALL
PROBLEM

$

UNDERLYING
CAUSES ?

KEY
" PROBLEM
ELEMENTS

¥

SUPPLY ?

RELEVANCE ¢
AVAILABILITY

v

RELIABILITY ?

EXPECTABLE
POWER OF
PREDICTION

180




e o e gt o s

A .
.

s s e rmp—— b

e’

Aok e

Unde

SO WA, SN YN T AR e PN

AR, AT R PO, PN

o

* . ; —ar o2 et
. AL ERRL ol NI 6 4
e s . AT RN T Lo s
Vs B Ty K T 3 ¥ 2

-

The reason for asking a; particular series of questions in a given
order is because the questions imply the criteria being used, and the
order acts to: (2) identify the problem initially, (3) investigate the sub-
ject area in detail and condense the volume of details into key problem
elements, (4) search for available knowledge by using the key problem
elements as criteria, and only then (5) test the reliability of knowledge
which is both relevant and available. This is the general structure and

process of the model,

2. Interrq&ation for Demand

Under the major premise of uncertainty, the first theorem is
that we do not even know what we need to know about the future., Ques-
tions which follow from this theorem pertain to the purpose, goal or
objectives of the forecast, They attempt to identify the demaad for
knowledge this forecast will supply or fulfill, Answers imply criteria
of relevance by actor, subject, criticality and range., They are all
idealistic, in that they pertain to unfulfilled desires rather than to objec-
tive realities,

(1) Who needs this forecast? Because demand for anything

rests on humaa vaiues, and human values are not universal, it is neces-

sary to identify not only value, but value to whom. The unswer to this

question will identify a corporate actor or entity; an agency, company,
department, nation or ideology. It may also include more than one such
actor. In most cases, it will refer to the initiating agency or the cus-
tomer of the forecast, In any event, all subsequent questions must be
explicitly relevant to this identified actor, which will be referred to as
“we, "

(2) What are we interested in knowing about the future? This

will depend on the area of operation or activity of the actor, The answer

should be given in the most general terms possible to prevent unnecessary
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. limitation of the subject area or areas. It should be strersed that this
question is designed to identify, but not to define. The sudject area may
. well have to be modified if the next stage of interrogation discloses basic
problem elements tacitly excluded by the agency in its ov.n definition,
In some cases, the subject area may be narrowed, but most agencies
appear to exclude relevant parts of their problem by overly narrow defi-
=~ nition, Hence, the need is to identify the broad subject area of concern.
(3) How badly do we need this forecast? This question relates

the general subject area to the value-structure of the actor. It addresses

the criticality or elasticity of demand., Its answer will depend on what

the actor is seeking to avoid or obtain; that is, his overall ideals, ends,

objectives and goals, Some actors will hold corporate survival as pri-

mary goal; others will have service to a parent agency, nation or ideology
as their fundamental objective. In any case, it is these goals or objec-

. tives which must be studied in order to ascertain the meaning of gain and
loss, the relative critif:ality of basic problem elements, the cost of error,
and the marginal utility of surveys, validation studies and basic research,
In essence, it establishes criteria of value which will be used to decide
how accurate this forecast has to be.

(4) Through what future time-range do we need to forecast?

The answer to this question requires study of the operation in which the
actor is engaged, with specific attention to rates of change, sequences,
lags and delays inherent in such an activity. In general, it will identify
average elapsed time from information availability through planning,
decision making, programming, construction of facilities and production
to the point where a substantive output may be oxpectodAto fmpact on

y reality, Hov/ fas we need to look into the future depends on how long it
will take us to accomplish what we are trying to do,
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The answer to this question will be a number of years, the relevant
time range. It will be used to establish a cutoff for the scope of the
problerﬁ. Those elements which cannot be expected to exert a significant
influence for a change within this period uiay be projected as constant;
those which will may not be 8o projected. Since more elements will exert
an influence over longer ranges, the necessary scope of any forecast will

be proportional to its desired range.

3. Interrogation for Underljing_Caune
The uncertsinty theorem in this stage of the model is that we do

not know what may cause changes in the subject area of the forecast. An
additional assumption is that change is not entirely random, but caused.
This assumption is required by the purpose of the interrogation, which
is twofold: (1) to disclose otherwise hidden elements of the problem,
and (2) to establish the cause and effect linkages which are vital to plan-
ners and decision makers when they attempt to obtain or avoid a forecast
condition. Random factors are, by definition, those for which no cause
may be assigned. Therefore, it io more ipyropriato to isolate such
factors by inability to disclose their ctuion than it is to assume all fac-
tors are random from the start, and so fail to look for causal linkages,
Thres major points should be stressed. (1) the line of this interroga-
.tion runs backward, from effects to causes. This is because the general
subject area of the forecast is taken as a future effect, and the questions

look to see what, if changed, could cause it to changs. (2) the interroga-
tion must be accompliehed both exhaustively and seqguentially, Exhsuse.

tively, to show all conceivable causes for each uffect, and sequentially,

to show linked chains of underlying causation which will lead to change

in the general subject area. And (3), the interrogation is not looking for
answers or definitions, but for underlying problems, It secks to identily
what we need to study in order to provide a foracast relevant to this actor,
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It should be noted that interrogation for cause follows the logic known
as a relevance tree, which it constructs specifically for the general

subject area and the actor "we," Like any such tree, it will expand in
number of details at each level, However, it is unlike most relevance
trees in that it enters with an effect and branches out to underlying

causes, where the more usual application enters with a cause and

_branches out to its subsequent effects. The latter is appropriate for

analysis or projection, but not for interrogation.

(1) In what ways can this general subject area change? Here
the subject area identified by interrogation for demand is taken as input,
and questioned to identify its general dimensions of change, This is
necessary in order to give meaning to such terms as “increase' and
“"decrease.’ Basic distinctions in this area are between changes of
demand and changes of supply, between changes of guantities and changes
of qualities, All conceivable types of change should be considered..

(2) Which of these changes do we see as desirable and which do

we see as undesirable? Increases and decreases along each dimension

of change should be labeled as of positive or negative value, In some
cases, we will not know whether & given change is desirable or not; here
we may give it t'ho sign of uncominty. 171, Such question marks are a
valuable output, as they identify something we aeced to know,

(3) What can cause these changes? Here we are looking for the

nature of causes in very general terms, Each typo of change will havs to
be questioned exhaustively because most will have several necessary
causes of change, none of which are sufficient by themaselves. One type
of change may have differing causes for increase and decrease. There
may be causes which are neither necessary or sufficient, but oaly con.
tributary. And again, many causcs may be unknown, calling for the
question mark and further inveatigation in the next stage of the model,
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In attempting to identify all conceivable duaec ~f change, a geries
of secondary questions is necessary. These pertain to humanistic causa-
tion, and are often overlooked. However, they are highly critical. In cur
own pplications of the model, we find the great majority of all changes i
caused by humanistic factors. '
(a) Can human actions czuse any of these chenges? This
question is used to discriminate between humanistic and natural factors.

Wherc change is not caused by huznan actions, one may ask YWhat can

cauie this change?" However, wbere human actions do cause change, 2

different queation is required. .
(b) Whose actions can cause this chanze? Here we attempt

to identify the relevant actors. Answers will be in the form of individual
human beingr either within or outside the initial actor “we, " groups,
factions, agencies, nations, etc. All of these are humanistic entities or
actore.

(c) What sort of change is this actor likely to cause® That
is, without doubt, the most difficult question in the model. In almost all
cases it will be unknown on initial interrogatior. The sort of change
caused by any given actor will depend on what he intends to do and what
he is capable of doing. Both of these are items for further investigation,

(4) In what ways can these factors themselves chance? At this

point the interrogation for cause iterates to the second level by taking
each identified factor of change (including the actions of relevant actors)
as 8 future effect and searching for underlying factors of change. Ques-
tions (1) through (3) are repeated, with special attention to the causes
underlying charge of behavior by the relevant Lctors. As the iterations
continue, cavses of changed behavior will bs found to lis in the way each
actor perceives reality and the values he assigns <o what he perceives,

Other actors may be identified at the second and subsequent levals, as
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their actions influence the demand or supply of those on higher levels,
In all cases of humanistic causation, however, the final juestion will
be: "How do they see things, and whsa! do they value?'' The guestion
cannot be answered in this stage of the model,
Interrogation for cause continues to iterate through as many levels
as necessary, with the relevant actors, their perceptions of fact and of
w—value, their capabilities, and various nonhuman or natural factors falling
out at every level. While these are usually the inputs for another intera-
tion, they are not reentered if: (1) they are not identified; i.e,, the
question marks, (2) they cannot be expected to contribute significant
change to the general subject area within the relevant time range, (3) they
are found to be noncritical, or, (4) when the most recent level of inter-
rogation has disclosed no new elements, but only repetitions of those
previously identified. To speed operation of this stage, an arbitrary
cutoff criterion may be established at each level, and only the more
critical factors taken into subsequent iterations., When the tree has been
. exhausted by any or ali these cutoff criteria, one _questi on remains,
{(5) What are the key elements of this subject area? This

question may be answered by compiling like causes of change that repeat
many times across the lowest levels of the t.ree, This includes those
actors whose influence underlies many brancﬁes, the natural factors
which do the same, and the question marks. These may be rank-ordered
by the number of times they appear, or the proportion of the tree they
affect, They are the key problem elements, causes w.ith many effects,
and they represent both the inputs and the preferred sequence for the next

stage of the model,

4. Interrogation for Supply
The uncertainty theorem in this stage is that we do not kncw

what information is available concerning the question marks and key
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problem elements identified in the previous stage. The aioumpﬁon is
necessary, because if we assume we already know wkat is and is not
availalle, we are likely to overlook significant sources of information,

Taking each gr :stion and key element individually, we ask the following.
{1) What do we know about this area? We direct the first

question to the most immediate sources of information; those which are

~-on-hand or in-house, because it i8 more efficient to do so than to go

immediately to external sources. Answers will be in the form of con-
cépts, methods, principles, properties, functions, causal relationships,
etc. As these are located, the problem elements we have taken from the
relevance tree are used as criteria to determine both the relevance of
what we know and the availability of what we need to know.

The results of matching what we know with an identified problemn
element will fall into one of three classes: (a) knowledge which is both
relevant and available, (b} knowledge which ie relevant but not .available.
and (c) knowledge or expertise which is available, but not relevant to this
particular problem, 'fhe first may go directly into interrogation for
reliability; the second represents an unfulfilled demand, a requirement
for additional surveys; and the third is a surplus capability which may
remain in storage pending identification of a prob.lem to which it applies,

(2) Who should know something about this area? The elements

of unfulfilled demand now become the criteria for surveys of external
sources; libraries, data banks, the accessible literature, experts from
other departments, agencies, disciplines, etc., The surveys may be
accomplished in many ways, from personal conversation to specifically
designed survey contracts, The object is merely to locate potential
sources of the needed i‘nformation. Cutoff criteria for such surveys come

from a balance between the criticality of the problam element and the time

or money available,
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Figure A4. Interrogation for Supply
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(3) What is known about this areca? Regardless of where rele-

vant sources are located, they must be mined for their information. This

' is the 'buy, borrow, beg or steal' aspect of research. At times, the _

information will have to be paid for in cash, at other times it may be

recompensed with nothing more than a footnote or a word of thanks in the

introduction. Often it is not paid for at all. In any event, one will never

~~be able to collect everything that is known aboi_it any ﬁarticular problem

element. The best he can do is to make himself acquainted with the funda-

mental principles and recent developments, If he later is called upon to

construct a forecast for this subject area, he will have to go into far

greater detail, but at least he will know where to look,

Information found in these survey's will take the same forms as that

found in answer to qﬁestion {1), and will fall into the same three classes:

{a) relevant and a{railable. {b) still needed but not available, and {c) en-

countered along the way, but not relevant to this particular problem.

The first goes into interrogation for reliability, and the third represents

an identified capability that can be stored for future reference: but the

second is now a residual demand for information, a problem for basic

research,
The decision whether or not to initiate basic research may now be

made on the basis of an identified need. The worth or utility of a study

proposed by such a process may be estimated by the potential effect that

discoveries in this area would have on the overall subject of the forecast

and the operation of the initial actor. If this impact is minor, research

may be deferred and the resiltant errors in the foféca:t accepted. If it

is not, the subject, the relevance, and the criticality of a new basic

. research project will have been established.
Only at this point in the model does the sort of information necessary
’ for basic research allocations become available, At this point we have a
191
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fairly good idea of what we need to know, why, bow important or un-
important such a study would be, and we are fairly confident that it will
not be a duplication of something already ;ava;ila.ble. Consideration may
now shift to estimating the potential costs of the study, the probability
of success through its potential for support from other areas, and by
comparison to the criticality estimate, to cost effectiveness, So far as
we are able to determine, this is the only way other than intuition by'

which the cost-effectiveness of basic research may even be approached.

5. Interrogation for Relevance
There is an alternate channel at this point in the model, whkich

is used when evaluating a preexistent forecast or forecasting methodology.
Because the information is already available in the forecast, we are only
concerned with its relevance. Because the firat question in ascertaining
the relevance of anything is ''relevance to whom?" and this is identical
with the first question of interrogation for demand, it may be seen that
what w actually do is to lay the forecast aside and begin from the begin-
ning of the model. We go through interrogation for demand and interroga-
tion for underlying cause, to the point where we have identified the key
questions and problem elements. These then become our criteria of
relevance.

The key problem elements are then matched with the topics or sub-
ject areas included in the forecast or accounted for in the methodology.
This comparicon will 21l into the same three classes as interrogation
for supply; (8) those topics found to be both relevant and included,

(b) key problem elements ove;'looked or excluded by the forecast, and

(c) topics which are included in the forecast, but are not found to be
relevant to the overall problem. Disposition of elements that fall into
these classes is alsc the same, with only the first being taken into inter-

rogation for reliability.
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6. Interrogation for Reliability

From whatever source it is obtained -- personal opinion, local
expertise, external surveys, preexistent forecasts, or newly developed
by basic research -~ all information found to be both relevant and avail-
able must be interfbgated for reliability. The uncertainty theorem here
is that we do not know how well we know. We cannot afford to accept this
.informatiog at face value, | |

(1) Are the methods replicable? A replicable method is.simply

one in which the pattern of reasoning can be followed from beginning to
end. This question applies to forecasting methodologies and to the pat-
terns of reasonin-g by which laws, principles, assumptions, etn., are
applied. Prophecy, intuition and much of expert judgment will fall out
‘here, as being of indeterminate reliability, "Black box'' predictions
and assumptions, like those obtained from a crystal ball, must be
.accepted or rejected on faith alone, rather than by systematic evaluation.
While faith has'its place and purpose, it cannot be recommended for this
role,

{2) Are the logics formally consistent? This is the only useful
question which may be asked of the methodology itself, once it has been

found replicable. It applies only to the rational logics; deduction, pre-
diction, evaluation, etc. It does not apply to the empirical logics such

as induction. This is because the prime criterion of formal consistency

is that the conclusions must be necessary consequents of the premises or

assumptions employed. This does not apply to empirical logics because

their consequents do not necessarily follow from but are only suggested
by the data.

The rules of formal logic which follow from the prime criterion may
be applied at this point for the identification of fallacies. If found, a
formal fallacy will render unreliable all conclusions from that point in the

methodology onward,
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(3) What are the assumptions? Under assumptions, we include .

all laws, principles, axiqms, hypotheses, theories and premises. We -
take all of these as being'merely assumptions because of the uncertainty
theorem which leads us to question them. This is another antidote for
certitude, which would tend to accept or reject them out of hand,

fhis question leads us to search for implicit assumptions, which

must be dug out and made explicit before any evaluation of their reliability
may be accomplished. Answering this question will consume a great deal
of time because it requires us to reason backward from a number of con-
clusions or predictions to their implied premises or assumptions. The
most vital of these is, of course, the initial major premise of the method
or methodology.

{4) Afé tﬁe assumptions adequately defined? "By adequate

definition we mean that a particular assumption specifies the conditions

‘to which it does and does not apﬁly. and the evidence necessary for .
affirmation or denial. Here, vague, ambiguous and overgeneralized

assumptions will fall o'ut as being untestable, An inadequately defined

assumption will render all conclusions or predictions deduced from it of
indeterminate reliability.

'In several recent forecasts nearly all of the major assumptions were
inadequately defined, Because of this, reliability of the entire forecast
was indeterminate, even though its logics were formally consistent and
most assumptions made explicit.

Some secondary questions which will assist in determining whether
definitions are adequate are as follows.

{a) Is this a static or dynamic assumption? Static assump-

tions refer to states or conditions, and must specify a particular point in '
time. While we find a large number of assumptions which imply eternal

constancy because they are given as static and do not specify a point ' 3
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in time, ("The nature of man is..." "All Frenchmen are... "}, such
assumptions appear to be inadequately defined. If eternally éonatant
phenomena actually exist, it would be pointless to forecast them, Within
dynamic (changing) systems, no condition or state may be defined without
giving a specific point in time or in a process.

Dynamic assumptions involve a rate, acceleration, sequence, delay
or-causal linkage., In this context, the assumption of "'no change' is

dynamic rather than static, because 'no change" means ''‘zero rate over

time." All dynamic premises must specify a dimension of change, and
an interval of time,

(b) 1Is this a realistic or humanistic assumption? Realistic

assumptions are tho: .- concerning phenomena essentially independent of

. differing human opinions. Most of these are found in the natural sciences,
but they also include the past or present behavior of human beings. Such

. assumptions must specify the phenomena to which they apply.

‘Humanistic aésum_ptions refer to the values, perceptions, future
actions, intentions, goals, etc., of human beings. Each of these assump-
tions must specify the particular group of people ~~the corporate entity
or actor -~to which it applies, because it may be comgletely irrelevant
to another group or actor. Any assumption of value, worth, cost or risk
must also state value to whom,

{5) How valid are the assumptions? There are two ways in

which the answer to this question may be approached, although they

rapidly converge. These are submission to authority and submission to

evidence,

(a) Is this assumption a necessary consequent of authorita~

tive laws, principles, axioms, or their embodiment in the opinions of

authoritative persons? This is submission to authority, and as may be

e e g

seen, it merely sets the problem of establishing validity one level back
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into abstraction., One must either accept the validity of the a.ut.horit); »
on faith, or submit it to empirical evidence. This holds whether the |
suthority is a set of axioms or a person., Thus, submission to authority '
does not actually establish valicity; it only asesists in disclosing the

parent assumptions whose validity must be established.

" When such parent assumptions are disclosed, it is they and not their

deductive consequents which must be questioned, and the questions are

identical to those necessary when assumptions are not deduced from

authoritative axioms, Only in those cases where the axioms have pre-

viously met the requirements of empirical validation may their conse-

quents be validated by their authority.

{b} What evidence is available to support or deny this

luumﬂ:ioxi? This question is necessary because even when an assump-
tion is deﬁnéd 80 a8 to tell us what evidence to look for, how, where, and
what sort of observations will constitute affirmation or denial, that
assumption is still not valid, but only {estable, If no evidence is avail-
able, its validity and so the reliability of all conclusions deduced from it
are still indeterminate. L

The problem in answering this question is sufficiency of evidence.

Because the sort of assumptions used in forecasting contain a time func-
tion or rate (dynamic premises), the evidence necessary for absolute
confirmation or denial will not be in until the forecast period has expired.
Thus, the only available evidence will lie in the present or past, and this
will never be sufficient for absolute confidence, For this reason, the
sufficiency or ins\;fficiency of‘evidence is always a matter of judgment,

towever, this judgment may be assisted by employing a few more

questions. ¢

(6) 1s the evidence relevant to this assumption? As always,

relevance is the relationship of supply to demand. In thie case, it is the N
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relationship between the type of evidence available and the type of evidenéé ’

demanded by a given assumption. In general, the nature of evidence -

l required follows the divisions noted for adequate d:efinition of assumptions,

Criteria are:

(a} Evidence to support or deny a static assumption must

derive from the particuiar point in time specified by that assumption, or

the particular stage of a dynamic process, If an assumption refers to one

point in time or process, and the evidence is drawn from another, the
evidence is irrelevant and cannot be used for validation. A good déa.l of
the errors in forecasting and the difficulty in evaluating forecasts comes
from failure to specify the exact time at which observations have been
made, Temporal precision has long been mandatory in the natural
sciences, and is an obvious avenue for improvement of forecasting in
other areas,

{b}) Evidence to support or deny a dynamic assumption must

be gathered sequentially in time or process. Because dynamic assump-
tions refer to an interval of time, they cannot be validated by evidence

taken from only one point in time, Such evidence must be gathered by
sequential observetions, each precisely referenced in time, for & period
and at a frequency of observation relevant to the particular assertion
being validated. Fast, short-period changes require many observations
in a brief span of time: slow, long period changes require less frequent
observations but over a longer period, Where such observations have not
been made and recorded, dynamic auumptioni cannot be validated for
lack or relevant evidence,

{c) Evidence to support or deny a realistic assumption {fact)

must be gathered from sources, processed and presented as free from

human evaluation and prejudices as possible, This is because what paople

do or do not believe is irrelevant to matters of fact and only serves to
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bias the facts if it is included. ~This shows the specific utility of being
objective, and of using replicable methods. Cnly when any person who
makes an observation or performs an experiment according to specified
procedures can come up with the same information, may differing human
opiniohs be removed and the evidence considered to be realistic,

~~Realistic evidence may be obtained from any observable phenomena
independent of human opinion, including those whicﬁ are not normally
obgervable but have been made so by our technological extensions of the
bhuman observational capacity, This includes most of the a'ubject matter
in the natural sciences, the biological sciences, and past or present
human actions. In iny of these, however, phenomena which are not
observable may only be validated by deducing fro:.n:testable assumptions
(trial hypoﬁiéses) those izeceuary consequents which are observable,
These obcervable consequenta then provide the criteria for relevant
evidence.

" (d) Evidence to support or deny a humanistic assumption

{value, perception) must be obtained from gh!cical, written or verbal

behavior of the particular corporate entity or actor to whomthe assumption

refers, This is because different groups of people may perceive the
same 'tact: in differing ways, and because human values do not refer to
rei,lity but to & desired or undesired condition which exists only in their
minds. Thue, realistic facts are irrelevant for ascertaining the validity
of an assumption in regard to what people believe or value, Further,
evidence gathered from one group or actor may be irrelevant to an
l.numption concerning another group or actor,

~ Because the lubject-matter of humanistic assumptions exists only
in humsa minds and not in objective reality, all humanistic phenomena }
are nondb.eMble. As assumptions in regard to such nonobservable phe-

nomens 28 energy fields are validated by observing the patterns of
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observable behavior they cause (such as the tracka' enetgized particles
make through cloud chambers), so humanistic aasumpfions may oﬂy be
validated by observing the behavior patterns of specific humanistic -
actors,

There is no other source of evidence relevant to assumptions in

.. regard to human perceptions, values or beliefs than through obéervations

of the past and present behavior of human beinga, In this sense, behavior
must include verbal, written and physical; i.e., what they iaj. what they
write, and what they do, These are the observable consequents by which
humanistic assumptions may be validated, If information of this sort is
not available, no humanistic assumption may be vé.lida.ted, for lack of
relevant evidence,

{7} How accurate is this evidence? This question also relates

to how well we know what we think we know, but at the level of data rather

than assumptions or premises. Here, we may distinguish between un-
certainties of observation or measurement, and conscioue or unconsgcious
distortion,

(a) Uncertainties in observation are, in the first instance,

an inherex;t property of any sensor, human or nonhuman, They include
distortion of the field by the sensor itself, the exciusion of data to which
the sensor is not receptive, and the limited degree to which s given
sensor can detect small gradations of condition or chahge of condition.
As shown by the Heisenberg uncertainty principle, fhese distortions can-
not be entirely eliminated. They can, however, be cignificantlyv reduced
by use of sensors (or people) ‘specifically designed (or trained) for sensi-
tivity to a particular field, and the use of multiple sensors which include
s wider span of data and tend to cancel out each other's distortions, In
the social sciences, some data gathering techniques such as sample sur-

veys by questionnaire show a lavge tendency to distort the field they
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.. sttempt to observe. How evidence was gathered and by whom, are im-

portant items in ascertzining the q\iality of data.

- {b) Uncertainties in measurement are not uncommon even

when observed data are fairly precise. They may occur when numerical
data are aggregated and presented with a single figure, rather than with
a' confidence interval. For instance, population fi'gures are usually given
in this way, when it would be more ccrrect to present them as estimates,
with plus and minue confidence intervals. Numerical precision, like
temporal precision, must be built from the bottom up. - Whe;'e figui-es
are not certain, they disguise distortiéns if they are given as certain.

In looking for the quality of data, what was dropped out or hidden by
measurement ,and aggregation can be significant. . |

{c) Conscious distortion is a matter of prejudgment, where

the observations are distorted to fit preexisting human values, It tends
to preclude a represerntative sample because the human sensor or source
selects 6nly such evidence as will confirm his "own prejudgment. The
indicated approach for estimating the direction and deg_rée of such bias is
similar to that of identifying the intentions of humanistic actors. From
the patterns of earlier behavior on the part of a given sourée. one must
Lnfgr the source's predilections; i.e., "What ax does he usimily grind?"

. “What is he trying to sell?" From such an asseqemént of the source's

motives, one may estimate the direction of lik=ly Bias.’ By how strongly
he bolds these views, one may infer the likely magnitude of distoftion.

" There is x‘xathing new in this technique of inferring motives from
patterns of behavior. Decision makers do so constantly on an ad hoc or
in-head basis, To be more specific, they do it every time someone walks
into the office with a sales pitch. The only difference in the matter of
bizsed evidence is that the salesman may not be recog!ﬁzed ii :ui:h. and

especially in numerical data, the distortion overlooked, Because
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conscious distortion is a humanistic problem, a humanistic approach is
required. One needs to check the predilections of the data source,
' {d) Uncorscious distortion is a function of the philosorby,

culture, andv especially the academic discipline of the human sensor.
While several observers may test and correct each other for individual
biases, it is "very difficult to identify a pervasive bias or predilection
m;d; they all share. The origin of such unconscious and unintentional
dictofticm lies in the "self-evident truths" of the culture, the unchallenged
axioms of the discipline, or the implicit assumptions of the common phi-
losophy. These are used in both selection and classification of data;
thus, they show up as an implicit bias in the evidence,

Onée thé presence of conscious or unconscious distortion is idexntified
or k.suspected, the means of reducing it are similar to those employed for
nonhuman sensors. Several sources may be'cons\.xlted, -with varying
biases, in order to cancel out the distortion. This is why students are
urged to reference more than one source in the preparation of any re-
search paper‘. Even though any one source of evidence may be distorted,
the forecaster and evaluator of forecasts may reestablish a representative
:&mple -~-and so a8 basis for estimating the vahdxty of aaaumptmna in
that area -~ by balancing the bias of his sources, -

Cancellmg of both conscious and unconscious distortion is a major
asset of the consensus of experts (DELPHI) technique, and of inter-

disciyplinary research, Interagency and international seminars, etc,,

- also assist in this regard.

~ Another approach is similar to selecting one's aensbra for minimum
distortion of the field. Since many of our sensors are human beings, we
may employ them only in those arcas where each is the least likely to be
biased. When we know that a particular individual is highly biased in
regard to -=let us say -~ politics, while at the same time maintaining
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scientific objectivityias 4.a~biolo‘gist, we are xunére .likelf to obtaia unbiased
information in thé latter than in the former aréa.. Applicatioxi and sys-
tematization of this line of reasdning may be found in a modification to

the selection of experts, called TORQUE. It was devequ\ed by a tri-
Aser;‘:ice ad hoc .committee aseembled by the Departmein of Defense
;;(DD_S.&E), In this approach, experts are .only‘.caned on to .preaént evidence
or opinions in the areas where they are likely to be"finostjyez;'pert and least
biased. This would appear to be a sound and needed refinement.

{8) Does the preponderence of evidence tend to confirm or deny

this assumption? It is at least potentially possible to absolutely confirm

or deny any assumption which refers to past or present conditions, pro~
vided it involves only observable phenomena. Assumptions in regard to
‘nonobservable phenomena (including all humenistic assumptions), and
those which refer to ,iﬁture changes or conditions may never be absolutely
confirmed or denied. 1In these cases the best one can ‘hope for is a level
of confidence somewhere in between. Whether or not this level of con-
fidence is acééptable wxll dependon the criticality of a particular assump-
tioniﬂthe more criticai, the more confidence is required. This is alsoa
matter of judgment,

. (9) The outputs of interr%atmn for reliability do not fall into

absnlntely distinct classes, but rather fall along 2 spectrum that ranges
irom reliable (+l), through indeterminate {0), to unreliable (-1},

“Those areas of 2 forecaat affected by a logical fallacy or an assump-
tion absolutely denied by the evidence are unreliable and cannot be
employed.

Those areas affected by non-replicable methods, an inadequately
defined assumption, or an assumption whose validity is indeterminate for
lack of relevant evidence, are of indeterminate reliability, These may

provide information in regard to needed research in much the same
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‘manner and with the same sort of details as that xdenxlfxed by interrogan
‘tion for supply. .“Rather than stnctly basic xesearch. ‘however, these
call for more rigorous definition, gathering of relevant evidence, and .
empirical testing. The indeterminate assumptions may fill the role of
trial hypotheses. o

“Those .areas. 6£ knowledge which bave survived ’interiogation for
‘as xelevant, ava:.lable, and acceptably tehable. Ihey may ‘be employed

in forecasting with a reasonable degree of confidence.

e :Eatimation of Potential Effectiveness

“The simplest and most direct way to estimate the ﬁotenxial
effectiveness of forecasting in a given subject area is to take the number
of key problem elements (which are already weighted'by degree of impact
and .criticality to the actor) for which 'knowledge -.wé.s found relevé.nt.
available and reliable, and divide it by the total number of wezghted prob-
lem elements. On theillustrations, this would be to divide all mIorma-
tion which had survived through interrogation for reliability {connector R)
by the total information coming out of interrogation for undez],ying cause
{connector K). o

The potential effectiveness of a forecast or forecaating ,methodolbgy
:may?bé estimated in exactiy the same manner, However, it is often use-
{ul to note whether lack of effectiveness is due to exclusion of significant
.elé;nents {irrelevance) or to weak power of prediction (low reliability),
This differentiation can provide an indication of needed improvemeﬁﬁl

Degree of relevance is a decimal between 0-and 1 which is obtained
by dividing those elements for which relevant knowledge was found avail-
able (A or Al) by the total of key problem elements (K).

Degree of reliability is another decimal between 0 and 1, obtained by
dividing the positive side of interrogation for .reliabﬂify outputs (R) by
the total inputs to this stage (A or A;l)' | '
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In the estimation of overall effectiveness, the degree of relevance .
may be multiplied by the degree of reliability to show a final decimal
between 0 and 1, degree of potential effectiveness, .Agéin, these are

only ronﬁh-estimates and not precise figures. They are, however,

‘aystemdtim’.ny arrived at by a replicable method.

8, Interrogation Model Read-Outs
Inthe course of trying to estimate the potenna.l effectiveness of

forecasting in a given subject area, or of a particular forecast or fore-

casting methodology, -we find a new additional pieces of ‘information which
can be valuable. | o

Read-outs of the model mclnde.

(1) Information in .rega.rd to needed basic research, -with its
subject area, relevance, criticality, and a fair degree of confidence that -
1 will not be a duplication of information already available.

{2) Information in regard to- needed validation studies, with-the
same sort of details as those listed above.

(3} Information in regard ‘to sources, experhse. etc. , -which ac-
cumulates throughout the mode! and is organized for further reference.

{4) Estimated degree of relevance for a given forecast or fore-
casting methodalogy. - ' | |

(5) Estimated degree nf availability for information reqnired to
forecast in a given subject area.

{6) Identified areas or subjects where power of prediction is

acceptably high, or nnacceptably low,
(?) A fairly rigorous estimate of how affective a given forecast

or methodology will be, R
{8) A fairly rigoro\u estimate of how well ‘present state-of-the
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APPENDIX B
CUSTOMER'S CHECKLIST

Decision makers are the primary consumers of forecasts, but tkey

rarely have time to go through a detailed interrogation model such as

the one presented for evaluators, Therefore, we suggeat an abbreviated

-version which covers the major points. While the specific questions
‘may vary for particular operations and decisions, -the :following appear
to be basic, '

1. '.Whyv'do-we need this forecast? The answer totbis question

should include overall relevance of the forecast by subject area, range,
‘scope, and criticality in terms of the operation and values of the cus-
tomer "we.,!" To answer this question adequately.;requires study of -that
operation and those values, |

2. “What portion of our decision information does this forecast

project? This question leads both forecaster and decigion maker to
consider the total context and basic problem elements. It also implies
that some elements may have been excluded; an awareness of the total
context will indicate what additional information will be required for
decision, Basic considerations here will be demand and‘.supply aspects,

‘to include the influence of other agencies or actors.

3., “What method was used for projection? _A one-word descriptar

will not suffice to answer this question. Extrapolation, .analogy, or com-
‘binations of the two should be identified, and whether the processing was

done by intuition, expert judgment, consensus of experts (DELPHI),
optimum selection of experts (TORQUE), a relevance-tree (PATTERN),
etc. The :decision ‘maker needs to know the limitations inherent in the
‘method employed, including whether or not it is rei:lida’ble.
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4, ‘What are tlxe éssumptions on which this forecast is based?

‘While:the answer to this question may be voluminous, it directs attention
-to the fundamental input problem and.requir_ea explicit statement of |
-‘premises, It also allows the foreeaat to be analyzed and evaluated in
detai.l. :ather than accepted or: re;ected as a whole. v

3., ‘How well have: these asaungptmna been- tested? This implies

‘a requirement for adequate definition and empirical evidence. Appeal to
‘the authority of axioms or experts is not an acceptable answer, unless
‘the authorities themselves can show they have successfully withstood
-ernpiriea'l testing. “The predictive power of each assmﬁption-muet be
demonstrated. » :

6. ‘What are the sources? .Annotation of sources will assist in

-determining if evidence is relevant (realistic, ‘humanistic, :specific point
‘in-time, or time series), nd ‘whether humanistic -.evidence ‘was gathered
from-the actor or agency specified, “This is.a <.requi£ement of :iepliea-
‘bility, -and for the Teduction of bias, e
These are -the ,aoet of questions which we fe€l any decision maker

:shoild expect a forecast to answer before he bases decision and:aciion
on-its frqjected conclusions. They are also questions which any fore-
caster should be prepared to answer "befoi'e ‘he ;preaentsllniv's .{ceneluaiona.
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