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SUMMARY

SCIENTIFIC AIDS TO DECISIONMAKING - A PERSPECTIVE

The increasing complexity of problems facing the military, government,
ond industry, --and the frightening cost of errors in solving those problems, require

that we re-examine the tools at our disposal for the solutions of such problems.

The historical use of the committee has some advantages -- but not in

finding the best answers to the right questions.

Scientific methods can aid decision makers in a number of ways. They can
provide help in defining the problem, -=not so narrowly that a pot answer can be easily
found, not so broadly that no answer can be found, but in the right way,-- so the
answer will be the right answer. Such methods can assist you in considering your real
ob ectives; they con provide a framework making possible the solution of problems of
broad scope. And, by their use, you can evaluate solutions on the basis of criteria

which have been carefully drawn.






I o SN

SCIENTIFIC AIDS TO DECISIONMAKING - A PERSPECTIVE

J. R. GOLDSTEIN

The decision making problem is as old as history. The decision making process
must therefore be that old, although until relatively recemtly, historically speaking, few

worried about it.
But we are talking about aids to Decision Making, --not about the process.

It is convenient, and sometimes even helpful, to set up o straw mon before
trying to develop and prove one's point. If such a device doesn't help to prove one's

point, it often serves to drow the fire awoy from the real target|
My straw man today is going to pe the Committee .

From the beginning of time, the Committee has been used as on oid by decision
maokers. It has been and is customary to appoint committees and to expect them to meet,
or at least correspond, and to come up with solutions to problems or recommendations for

action.

| want to argue today for a reapproisal of this committee approact and tc suggest

. some better methods for arriving at decisions, --or methods for arriving ot better decis ons,

I'm not going to spend time talking about what's wrong with the use of
committees. Let's give them their due. There are situctions where commitiees con and
do operate effectively. They are useful when diverse points of view must be sought;

certainly they are invaluable for purposes of arriving at a compromise position; they can



be used to postpone a decision; ond committees can relieve o decisionmoker of the
responsibility for a decision. But | think that most of our important problems today in
government and business management are much too technical and complicated for

committee solution.

What does the scientific method have to offer? How does it differ, and why
is it better? Well, to stort with, a committee is usual'y honded o problem, and told
to come up with an answer, usually in the form of suggested action. The problem is

defined in advance and is rarely really analvzed.

For example, o committee may be asked for on answer to the question, lIs
Weapon System A better than Weapon System B? ; whick is the preferred s, stem,
the intercontinental ballistic missile or the nuclear pro.elled mannes nomuer ?"
Perhaps the committee should oe pondering, insteod the question, ‘Whot per cent of
our country's strategic capability should be .omposed of A ond what per cent should be
comp;xed of B?" Or is even this the right question? My point is that we can't come
up with an illuminating answer if we haven't asked the question which penetrates to the
crux of o problem. The very first thing that is needed is a carefu! and objective analysis

of what the pronlem really is -- not ust a study of its outward manifestations and how

to make them go away .

Again, o committee might be asked -- was asked, in fact -- to solve the pro-
blem of making the air defense of an area less vulnerable to mass raids, to saturation
tactics. But the real problem was not to prevent the area from being destroyed in some

specific manner, but from being destroyed in any way whatsoever. The real problem



was to consider all the possible ways in which an intelligent and determined enemy

could attack.

| cannot too strongly emphasize the great importance -- and, | might add,
the greot difficulty -- of discovering what questions we should be asking. To get a
neat cnswer to the wrong question mav be worse than getting an incomplete onswer to

the right gquestion.

You have olready heard something of the protlems involved in deciding whaot
is the right question. Before you leave this meeting, you will hear more. | wont tc

point out the pitfalls of the two common extremes.

One extreme we ust mentioned; too norrow a question con get vou o pat
answer, but one which is wrong for the question vou should have asked. On the other
hand, too few people appreciate the manifold alternatives ovailoble when one considers
a relatively unconstrained situation. Consider the simplest sort of arithmetic illustration.
In asking what bombing airplane we ought to design for the future, let us concentrate
arbitrarily for the moment on |ust three obviously pertinent characteristics -- range, speed
and payload. More of anv one of thése is obviously a good thing in itself. But, of course.
we achieve none of these without cost. We probably can achieve more of an, one of
these charocteristics of performance only at the cost of the other two, !et alone at the
cost of still other considerations. But suppose we have .ust these three characteristics tc
consider, and suppose, again quite arbitrorily, that to each of them ve assign only a
"high' ora low" value. We end vy with eiglit possible comoinations. But what ahout

crew spoce  electronic gear, landing facilities, etc.; clearly, we ore interested in many



more characteristics of our airplane. If we include but ten characteristics of interest,

the number of combinations goes up to about 1000,

Now there are tools of the trade that can cut this number down significantly
by re ecting from consideration whole classes of undesirable combinations. And there
are tools which make it possible to consider very large numbers of alternatives. But it
is all too easy for the inexperienced analyst to state the problem in a context too com-

plex for soiution.

I'have tried, in discussing the range of alternatives, to point up the error of
going to either extreme. The unduiy narrow analysis ma. exclude the really interesting
alternatives. The impossitiy nroad comporison is simp 'y ou* of the question. Nobody
but a fool or a charlatan ever pretends to look at all the universe and to resolve all
problems ot the same time, even though in principle those ~roblems are interdependent .
In o general discussion there is very little that con be said positively about how big the
context of o problem ought to be. It depends on the particular problem at issue. All
one can soy is that the analyst must be very careful to make his analysis neither too small

nor too large, which is only to say that judgment is essential at this very early stage .

Once a problem has been analyzed and the ob ective clearl y defined, we have
to determine what criteria we ought to use to evaluate various solutions, to see how well

they satisfy our obective. This is one of the most difficult things in the whole .rocess

of analysis.

For example, in World War Il bomber tactics were chosen so as to maximize

the ratio of bombs on target to aircraft lost. Used with good sense this criterion led to



improved decisions; used uncritically it could have resulted in foolish tactics. Clearly
values, intuitive or others, had to be assigned to both targets and circraft. To get away
from flying machines for the moment, let us say the problem might be to choose between
the purchase of worehouse A and warehouse B. You are unlikely to use merely the

simple criterion of maximum space per dollar cost -- for you might then find yourself
buying an inexpensive warehouse but one too small for your needs. My example has been
too simple, but in one disguise or another this criterion of maximum ratio of retums per

unit investment has been responsible for considerable grief.

A more troublesome difficulty in choosing o criterion arises when our problems
involve uncertainties, as they always do when we face the future. Let me illustrate .
Suppose | were to offer you a choice of two lottery tickets: one is a sure thing, a
certainty of winning $1,000; the other gives you one chance in ten of winning $10,000,
ten times as much as the first, but with one tenth the protability of winning. Which
would you choose ? We cannot fix one definitive criterion for choice petween these two
that will apply to all individuals. My homely illustration turns up, in disguise, in many
important problems. Should the military risk large losses to chance an exceedingly

favorable outcome . or, instead, choose o policy which offers low risks and modest succe ss ?

The protiem of dealing with an uncertain future is one with which we at The
RAND Corporation are much concerned. We have come to learn that, in gereral,
Criteria are treacherous. Good ones are not easily come oy . Moreover. the selection
o lritenion s not ¢ probiem onl. tor the - tentists, Lot is one wh.oot, ke death and
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There is another difficulty. Many problems, or some critical parts of some
problems, just don't lend themselves to analytical solution. You have to use judgment.
Well, what is judgment? Judgment is ,ust experience. But here you run into another
difficulty. Todoy most of our serious problems lie in areas where the factors involved
are so technical and where the problem itself is so brood in scope that no one can
honestly claim to have experience. Toke the subject of national security -- or a

problem of planning industrial expansion in the face of an uncertain economic future.

We must come back to the original idea of analyzing the problem. What does
this mean? It means breaking the problem down into its components. There may be
many parts. Some of them we can handle by analysis, using various scientific techniques.
You may have to make o mathematical mode! of one part of the problem; you may use
other devices to examine other parts. But some of the components may still defy analytic
treotment. Here, because you have broken it down into narrower fields, it may be
possible to find individuals who have direct, sound experience in these specialized fields.

When this is the case, you can draw upon their individual judgment. But be careful:

We trust o man's intuition in a field in which he is expert. But in these cases
we may pe dealing with a field so broad that no one can be called expert. A typical
military analysis depends critically on numerous technological factors in several fields;
on military operations and logistics factors on both our side and the enemy's; on broad
economic, political. ond strategic factors; and on quite intricate relations among all
these . No one is an expert in more than one or two of the sub-fields;, no one is an
expert in the field os a whole and the interrelations. So no one's unsupported intuitions

in such a field can be trusted.



Analyses should be looked upon not as the antithesis of judgment but as a
framework that permits the judgment of experts in numerous sub-fields to be combined --

to yield results which tronscend any individual judgment. This is its aim and opportunity.

But we still have the question: Where is the 'expert' in the field as o whole
with the ,udgment required to design an analysis and interpret its resuits ? We know
there are not any real experts. But we think we can demonstrate that the degree of
expertness required to design an analysis is less than the degree of expertness required to

intuit a good answer without an analysis.

Literally hundreds of companies have hired operations researchen” to conduct
"in-tiouse" analyses. In addition, o new kind of manogement consuitant firm has emerged.
These new advisors to business and government are usually teams of mathematicians,

economists, and physical scientists. They operote quite differently from committees.

When and if you call upon these new technical consulting outfits, you should be
forwarned that you are hound to be asked some embarrassing questions. If a scientist is to
ser Ui o Linecr Frogramming mode! or some otner mode: of your operotior  and if he is an
ronest and Comoeren’ mqQ: € wili fOLQL force yOu to torme ate wr U sout ol e Y vy
ought to be more explicitly and rigorously than you usually do. He cannot be content
with completely unhelpful vague answers like "we want to build the best godget. His
next question will have to be 'what precisely do you meon :, ‘best’ 7 A~d you hod
vetter be prepared to give this question a ot of thughtte considerarior n ad. ance
Atter all, if we are unclear about what it is we are 'eally seer ng no advances « ara

technique are going to help us very much.



After we bring diverse skills and ingenious new analytical techniques to bear
on any problem, it still remains necessary to understand the problem and to define
objectives, to search diligently for all available data, to make searching tests of
assumptions, and to weigh carefully the_criterio with which we must evaluate conclusions

and recommendations.

Notice that | have not yet talked at all about the giant high-speed computers,
often wrongly called electronic brains', which so many people equate with modem
decisionmaking. It has become o fad, nowadays, for those who can afford the luxury,
to buy high-speed computers and a staff to run them, expecting that this will give better
answers to problems. One large outfit installed such a machine in a production facility
with the expectation of scheduling its manufacturing processes so as to increase profits.
This was an expensive mistake; two years later the machine was engaged chiefly in

making out the payroll checks for the accounting department. A much cheaper machine

could have done that ob.

It is wrong to assume that all you need to solve your problem is an electronic
computer and people who know how to operate it. The computer is just a tool --
something you can use sometimes -- a machine that can't do anything it's not told to
do. | can't stress this point too strongly, because in modern scientific onalyses the

solutions are only as good and as sensible as the people who define the problem, state

‘re or ectives and choose the criteria.

I don’t want tc minimize the importarice of computers as anolytical tools.

He ar mAPD are one of rhe largest single users of computers in the worid. They make



possible the application of new and powerful analytic techniques which couldn't even
be considered before their advent. | am referring to such new techniques as dynamic

programming, linear programming, the Monte Carlo method, and so on. Very often,

@ component of a complex problem can be rigorously handled only by one of these

powerful new analytical tools and with the aid of a computer.

I 'would like now to describe an exciting and real probiem -- faced by every
petroleum refinery today -- to which the techniques of iinear progromming ore being

effectively applied to help maximize profits.

The probiem facing management is this: Crude oil is drawn from one or several
oil fields to the refinery; by tuming valves, setting temperatures, pressures, and starting
pumps, it comes out as various grades of gasolines, stove oil, diesel oil, and fuel oil.
These can be marketed at varying prices. The amounts of these products can be voried
This will change the cost of operating the equipment and the revenues from sales. Now,
the various components are interrelated in such o complicoted manner that it is not at aoll
obvious what is the best way to operate the equipment to obtain maximum profits. The
quality of the crude oil, the prevailing market prices, the avaiiobilit, of different kinds
of processing equipment -- all these are factors. What about o scientific approach to

this kind of problem?

The objective in this case is quite simple -- we want to maximize our profits.
Next we break down the problem by examining the various kinds of processes and their
costs. With this information in hand, our mathematicion finds it possible to set up o

linear programming model on his computer, and with the aid of this the managen car



determine the best way to run the refinery to maximize profits. It's not quite as
simple as it sounds, for the managers have to work with o complicated problem in
which many important factors keep changing. These factors must be related expertly
to the various economic facts at hand -- such os the cost of crudes and the market

demand and prices.

In the situation | have just described the linear programming techniques result
in what may seem to be only o minor improvement over what can be achieved by
experienced refinery operators: According to the informal opinion of the oil company
experts, the method permits an improvement of about | per cent in gross profits. How-
ever, for a maior producer this can easily mean an increase in profit, which in the

United States represents a 5 per cent increase before taxes and reinvestment .

There are many other powerful tools which the scientist can bring to bear upon
some of the tough analytical problems we face today. It is up to the analyst to decide
where and when these tools can profitably be brought to bear on o problem to improve

the answers .

It is only fair to add that while analysis con and ought to be much better than
conventional staff or even committee work, it can be worse . Many anclyses boast an
impressive facade. The technical discussion is long and complicated, the charts are
elegant, the mathematical appendices are formidable, and there is great display of
technical jargon and virtuosity. Such a facade can reveal very good analyses or it
can conceal very bad ones. If it conceals bod ones, it may be worse than no analysis

ot all. The whole elaborate structure can conceal a big bias in terms of arbitrarily
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excluded olternatives, an improper criterion, bad execution of the analysis, or poor
interpretation of the results. But all tools can be used or abused. The possibility of g
misuse need not and should not deny us the opportunity to make good use of the
available tools. After all, the substitute for bad analysis is good analysis. How else

do you know it is bad ?
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