RALPH EDWARD GIBSON

SOME THOUGHTS ON PLANNING —
THE HANDMAID OF DIRECTION

Cogito, ergo sum — Descartes

INTRODUCTION

In his ““Discours de la méthode,’’ a thesis based on
systematic doubt, Descartes started with one certain-
ty: ““I think, therefore I am.’’ To think, a mind must
be nourished by learning, that is, by assimilation of
experiences coming into it through the five senses,
providing it with ideas that it can rearrange and re-
associate through the processes we call ‘‘thinking.”’
Experience from the past generates thoughts that
govern our actions in the present, and present and
past experiences generate thoughts about planning
what we shall do in the future.

The quality of our thinking depends to a large ex-
tent on our mental inventory, and the scientist and
engineer are particularly fortunate in having access to
a wealth of reliable knowledge of nature,' including
man, on which to ruminate. It is the business of the
scientist to discover new and reliable knowledge
(facts) and to relate these facts in a consistent, aes-
thetic pattern or system. It is the business of the en-
gineer or clinician to apply reliable knowledge to the
creation of devices and services which enhance the
pleasure, welfare, and security of his fellows suffi-
ciently that they are willing to pay for them. A suc-
cessful device or service, that is to say one which ful-
fills completely the objectives set by its creator, at-
tests to the reliability of the knowledge and the skill
of the creator in applying it. Furthermore, a suc-
cessful mechanical device, particularly one that in-
volves the automation of a system, provides addi-
tional reliable knowledge to the engineer, food for
thought that may lead him to apply this knowledge to
other fields. In this essay, I shall apply some thoughts
arising from physics and from the systems engineer-
ing of relatively complicated mechanical systems to
the guidance of the much more complicated systems
that are based on the cooperation of human beings.

ASSUMPTIONS

1. An organization of human beings is a system
with a definite set of objectives and depends on
the intelligent cooperation (however stimu-
lated) of a number of individuals for the suc-
cess of its operation.

2. An organization of people has so many features
in common with man-made and biological sys-
tems that principles and even details learned
from studies of these latter systems can be ap-
plied to human organizations.
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3. The human organization is not a closed system,
but an open one whose interactions with its en-
vironment are of paramount importance to its
continued healthy operation. For example, this
system must receive a constant and adequate
input of energy from the environment to keep
its entropy down. If its entropy reaches a max-
imum value, the system gets into equilibrium
and is dead.

4. Like all mechanical systems, the system we are
considering has extension in time, and perhaps
the chief function of its control system is to en-
sure dynamic stability of the whole system in
the face of the external and internal changes
that it will experience as time goes by.

5. Like the best mechanical system, an organiza-
tion of human beings must be designed and op-
erated to meet at least two conflicting require-
ments, requirements that are fundamentally in-
compatible (Niels Bohr’s principle of comple-
mentarity). I make the assumption that the
conflicting requirements imposed on a guided
missile, stability and maneuverability, are
closely analogous to the conflicting require-
ments of centralized regulation and individual
freedom that the human organization, par-
ticularly an R&D organization, must live with.

The foregoing assumptions are to me rather ob-
vious, so obvious indeed that they may be called trite,
but if the reader does not consider them to be so, I
suggest he stop right here.

Before proceeding with my discussion of planning,
I must say something more about assumption (5). A
well-designed antiaircraft guided missile must fulfill
the requirements of stability in flight and high ma-
neuverability to outwit its target. These are really in-
compatible requirements. In a human system a ‘‘bal-
ance must be kept between the excess of unbounded
centralized power and the extravagance of liberty not
enough restrained’’ (Earl of Halifax, 1717). In 1956,
Max Born modernized this statement in physical
terms:

Complete freedom of the individual in eco-
nomic behavior is incompatible with the ex-
istence of an orderly state, and the totalitarian
state incompatible with the development of the
individual. There must exist a relationship be-
tween the latitudes of freedom AF and of regu-
lation AR of the type AFAR =p, which allows a
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reasonable compromise. But what is the polit-
ical constant p? I must leave this to a future
quantum theory of human affairs. The world,
which is so ready to learn the means of mass de-
struction from physics, would do better to ac-
cept the message of reconciliation contained in
the philosophy of complementarity.

(From a lecture by R. V. Jones given at the Univer-
sity of Durham, 1971.)

Born obviously had in mind the wave-particle du-
alism, the basis of quantum mechanics that has been
so successful in systematizing the reliable knowledge
discovered in studies of the interactions of atoms and
molecules. It is important to note that an electron
behaves as a wave under one set of circumstances and
as a particle under another set of circumstances, but
never as both simultaneously.

Applying the principle of complementarity to hu-
man systems, we note that the relative weights given
to latitudes for freedom, independent thought, and
action on the part of the individual and those given to
latitudes for centralized regulation also change with
circumstances. In other words, AF/AR = f (cir-
cumstances) and varies with time.

For example, the Defense of the Realm Act
(DORA) passed by the British Parliament in 1915 (I
think) was essential to the achievement of the na-
tional objective, namely, the winning of World War
I. It greatly increased the importance given to
governmental regulation and consequently diminish-
ed the values set on individual freedom, but was ac-
ceptable to the nation as a means of conserving and
using effectively its resources to achieve a well-recog-
nized and urgent objective.

However, when this national objective vanished
with the end of World War I, DORA still remained in
effect, and first lost general acceptance, then became
a nuisance, finding support among people who
sought to reform the drinking habits of the working
classes, and finally became an instrument for the
destruction of independence of spirit and morale.

The application of the principle of complementari-
ty to an organization calls for a departure from con-
ventional thinking, both on the part of the ‘‘manage-
ment’’ and on the part of the people who make up
the organization.

To be viable, the system must operate on a com-
promise between two apparently incompatible con-
cepts, freedom of the individual and centralized con-
trol (regulation). This compromise varies with the
circumstances that surround the operation and espe-
cially with its overall objectives and with the tactical
objectives of its component parts (departments, di-
visions, etc.). Above all, this compromise cannot in-
telligently be made by a ‘‘once and for all’’ decision
(or policy) and in the case of a heterogeneous organ-
ization cannot be made by across-the-board decisions
or actions, but only on the basis of an intelligent ap-
praisal of the requirements associated with its
strategic and technical objectives and interactions
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with the environment. All change periodically and
unpredictably with time.

This may sound like a rejection of the comfortable
doctrine of absolute good and absolute bad, right
and wrong. It is. It may be called a doctrine of expe-
dience, but it is not. It really expresses the concept of
adaptability—a concept fundamental to the survival
of a species.

DIRECTION

The chief function of the director? of an organiza-
tion (and here I shall talk mainly of R&D organiza-
tions) is to turn plans into accomplishments. The first
question that arises is, ‘““What is the organization go-
ing to accomplish?’’ In other words what is (or are)
its prime objective(s)? Formulating the answer to this
question is primarily the responsibility of the direc-
tor, subject, however, to certain important con-
straints.

1. Has the environment the capacity to support
the effort needed to attain the objective? Spec-
ifically, is there a sponsor with enough money?

2. Is there a high probability that the environment
will support the effort needed? Specifically,
will the accomplishment (product) be suffi-
ciently useful to a sponsor in the pursuit of his
objective to inspire his self-interest, enthu-
siasm, and support? Note: It cannot be as-
sumed a priori that the merits of a useful prod-
uct will be apprehended immediately by a po-
tential sponsor. A certain educational effort is
needed to persuade the sponsor that the prod-
uct will be really useful to him (vulgarly, a sales
job). .

3. Is there a high probability that the key person-
nel in the organization will come to a consensus
on the potential merits of an enterprise whose
success depends on their wholehearted and in-
telligent cooperation? If the merits of the
undertaking are apparent to all, arriving at
such a consensus is relatively easy. However,
the value of big accomplishments is seldom ob-
vious at their conception. The leadership of the
director and the confidence he inspires in the
membership of the organization play an ex-
ceedingly important part in the establishment
of this consensus. (Here a study of the consen-
sus type of management reputedly practiced by
Japan and the various command types of man-
agement practiced in this country and else-
where seems indicated.)

In his biography of Merle A. Tuve, Phil
Abelson remarks® that Tuve considered the
principal discovery of World War II to have
been the efficiency of the democratic principle
in dealing with people, and quotes him as
follows:

The democratic principle is this: Tell the
worker or the people of the community what
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the need is, invite them to contribute in the best
way they can, and let them help you and help
each other meet that need. Any society or any
group always selects men to handle certain
tasks, by elections or by hiring them or by
some other system. But notice that a boss using
the democratic principle does not depend on
orders; he asks his men, his workers, to partici-
pate. This means that they help him with the
whole job, they don’t just do what they are told
to do. This system of asking people to help
with the whole job was what I used in running
the proximity fuze development. It worked so
well, the whole team took hold so vigorously,
that during most of the work it was a struggle
to keep up with them. I often felt like a short-
legged donkey trying to keep from being run
down by a stampede of race horses.

One should note that the ‘‘democratic princi-
ple’’ was being practiced very effectively by Dr.
A. L. Day in the direction of the Geophysical
Laboratory before World War II. Further-
more, George Woolard’s statement in present-
ing the Bowie Medal of the American Geophys-
ical Union ‘““Anyone who knows Merle Tuve
rec-ognizes that he is a driver who never spares
himself. . . > is also quoted by Abelson.?
Apparently Dr. Tuve knew how to use Born’s
‘“‘equation,’”” AFAR =p.

4. Limitations of Resources. Access to three types
of resources must be considered before any
project, whatever its size, is undertaken: (a)
facilities and equipment; (b) people with appro-
priate technical knowledge, skill, and experi-
ence; (c) people who, in addition to technical
knowledge, skill, and experience, have the abil-
ity to organize groups large enough to handle
the work involved. Resources are always
limited.

5. Scientific Integrity. The question, shall we or
shall we not commit the funds of a sponsor and
the resources of our organization to the accom-
plishment of a proposed project, is the most
important one that confronts a director. In the
long run, the right answer to this question con-
stitutes the most important service he can ren-
der to the client and calls for the exercise of a
high order of scientific integrity, especially
when the client himself has proposed and is
anxious to support the project. Is the goal set
by the project scientifically and technically
attainable in the present state of the art, or does
it require new knowledge and techniques whose
acquisition can be readily foreseen, or whose
acquisition will require radically new concepts?
What is the probability that the organization
can produce these concepts? Will the successful
achievement of these goals really add to the
sponsor’s resources to do his job? If so, how
much? And how general will be its impact on
science and engineering? How will its commit-
ment to the project affect the R&D organi-

Volume 4, Number 1, 1983

R. E. Gibson — Thoughts on Planning

zation itself? Will it result in routine challenge-
less stagnation? Will the unknown stimulate
growth in knowledge and skill and the explora-
tion of mind-broadening alternatives? Will the
difficulties of the unknown problem be so fun-
damental that frustration or vast overruns of
time and cost are likely?

Answers to these questions can only be given by
the director of the organization. They are crucial to
its welfare and require a deep knowledge of the or-
ganization’s resources, knowledge of the client’s
problems (real, not imaginary), and meticulous exer-
cise of scientific integrity, that is to say, the placing
of scientific and engineering considerations beyond
the reach of considerations such as money or expe-
diency. To answer these questions, he must be for-
tified with a good set of plans provided either by him-
self or by his colleagues.

PLANNING

As 1 see it, the functions of planning are as
follows:

1. Analysis of the five constraints we have just
listed, and an assessment (in quantitative
terms, if possible) of their relative proba-
bilities, significance, and consequences.

2. Analysis of the client’s problems to establish
the cogency and stability of the problems as
originally stated or of promising technical
alternatives, and assessment of the merits of
alternative technical approaches.

3. Formulation of a strategic and tactical plan for
the conduct of a project (of any size) from in-
ception to accomplishment, including specifi-
cation of resources and of intermediate goals.

4. Anticipation of contingencies. Formulation of
alternative approaches or other changes of
course, if the need arises.

S. Formulation of long-range strategic plans.
Continuous survey of future ‘‘markets’’ and
new technologies.

In developing a discussion of planning, let us first
consider two simple cases: (a) that of the individual
scientific investigator starting on a new line of work,
and (b) that of the captain of a battleship entering
New York Harbor without a pilot.

The considerations that motivate the individual to
enter a new field of investigation either may be a
strong desire to know something about a new area of
knowledge or may arise from a conflict in his mind
from disagreement between what he has read or
teaches and his experience. Whatever the motivation,
it stimulates plans in his mind, plans to undertake a
trip into the unknown. The individual either has or
obtains as sound a knowledge as possible of the area
of nature where the field he proposes to enter lies. He
imagines that there may be interesting problems in
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this field, problems which may be attacked by his ex-
pertise. However, his first step in planning is to
decide on a small but significant problem, then de-
cide on a promising mode of attack, verify this prom-
ise by as simple an experiment as he can devise, and
then decide to invest time and equipment in working
out a thoroughgoing solution. Where will the money
needed to support this investigation come from? All
this planning goes on in his own mind, fortified by
discussions or reading.

The value of the accomplishment will depend on a
number of factors. Did his choice of problem lead to
divergent or convergent results? In other words, did
the answer to his original question lead to a number
of more interesting questions or did it not? Did he en-
counter surprises, careful attention to which led him
to a change in course to answer new and more excit-
ing questions? Specifically, what part did seren-
dipity — accident with sagacity, according to Hugh
Walpole — play in influencing the course of his work?
In this case, it is obvious that the investigator has,
within the limits set by nature and resources, com-
plete freedom to use his imagination and set his own
objectives, and flexibility to change his course to-
ward these objectives as experience and circum-
stances dictate. In anticipation of what follows, I
should say that the ‘‘time constant’’ of this worker is
quite short.

The captain of the battleship has somewhat the
same problems, but their relative priorities are vastly
different. His main objective has been well defined
either by himself or others, namely, to have the ship
moored safely to a certain pier by a certain time. The
course to be followed is defined within certain limits
by a chart. He knows his present position; the chart
shows the channel to be followed and the various aids
to navigation marking the channel. However, the en-
vironment contains a number of significant factors,
tides, winds, and visibility, for example. Whereas the
gross effect of the tide is known, local variations in
water movement are not. The time constant of the re-
sponse of the ship to its system is long. It takes many
minutes for the ship to respond to its engine and its
rudder, the only mechanisms to implement the cap-
tain’s decisions. The larger (heavier) the ship, the
longer the time constant and the greater the distance
it can travel before the effects of an order are appar-
ent. To keep the time constant to a minimum, the
crew of the ship must be well trained to respond with
rapidity and certainty to the captain’s orders, and the
captain must know this — a matter of the internal af-
fairs of the organization. His own decisions must be
prompt, his orders clear. Thus the captain’s job in
turning the initial plan to moor his ship at a certain
dock into the accomplishment of having done so in-
volves many decisions not specifiable in the original
plan but dictated by the timely recognition of the sig-
nificance of weak as well as strong signals from the
environment and by the ability of the system to re-
spond. In this case, AR is great and AF correspond-
ingly small.
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CONTINGENCY PLANNING

In the light of the foregoing cases (analogies), our
discussion of the functions of planning really starts
with function (4), namely, anticipation of contingen-
cies, formulation of alternative approaches, or other
changes of course. This by no means degrades the im-
portance of functions (1), (2), and (3), which are cur-
rently performed routinely by most organizations
with more or less intelligence and effectiveness.

Function (4) emphasizes the fact that any open sys-
tem must be able to respond promptly and effectively
to significant changes in its environment if it is to
maintain dynamic stability as time goes by.

Contingency planning is based on the timely and
intelligent appraisal of external and internal trends in
the environment and in the organization. Among the
environmental trends to be studied are the significant
changes in the real needs of the client, significant
changes in the client’s mission, and changes in the
technological environment. Does the device being
developed for the client still represent the most timely
and effective solution to his problem? Is it likely to
remain so?

What new fields of knowledge seem to be emerg-
ing, cultivation of which would enhance the orga-
nization’s ability to develop another generation of
devices to meet the client’s anticipated future needs?

The wise appraisal of external trends is more easily
said than done. First, it requires an accurate first-
hand knowledge of the environment, not secondhand
information of doubtful value obtained from hearsay
or reports, but from direct observation. For example,
the participation of members of the Laboratory staff
in Fleet operations and tactical exercises has un-
covered significant problem areas whose importance
was otherwise not realized, or realized so vaguely
that nothing was done.

Second, the information gathered must be ana-
lyzed for consistency and significance and, if possi-
ble, reduced to some index whose change with time
may be readily apparent and meaningful. Here the
resources of modern computers are almost essential.

Economists use these methods. The doubtful value
of their predictions is probably due more to the quali-
ty of the input data and the rationale of the indices
used than to the methodology. In planning for an
R&D organization, the devising of experiments for
testing the results of prediction and consequent mod-
ification of the methods is, I think, not only essential
but feasible.

Third, and obviously the most difficult step, is the
convincing of those with authority over funds and re-
sources that the results of the studies are reliable
guides to future action.

The observations of internal trends, incorporation
of these observations into planning, and action to
maximize the organization’s effectiveness are most
important features of any planning, whether con-
tingent or long-range strategic. Significant internal
trends are the growth or decline of the knowledge
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and skills of the staff in various areas of science and
technology, trends in the variety of these areas,
trends toward specialization, the modernization or
obsolescence of the supporting facilities, and trends
in the quality and flexibility of management at all
levels. A most significant index of these trends is the
time constant of the organization, by which I mean
the time required for the organization to respond to
the technical challenges, which, after careful con-
sideration, are supported by a consensus that they
will promote the welfare of the organization and the
interests of the clients.

The time constant of an organization, like that of
an individual, has a natural tendency to increase with
age, a phenomenon which is all too apparent in the
history of many, but not all, government R&D es-
tablishments.

ORGANIZATION TIME CONSTANT

There are many reasons for this phenomenon, of
which I shall discuss a few, namely, (a) tyranny of
prior commitments; (b) mental inertia of individuals,
and especially of groups of individuals; (c) the natu-
ral frequency or time constant of the genus Homo sa-
piens; (d) decline in the accomplishment risk ratio in
the organization’s planning; and (e) subtle undesir-
able changes in the relative values of AR and AF'in the
Born equation for the organization.

There is no better way for an organization to kill it-
self rapidly than by reneging on its unfulfilled com-
mitments. On the other hand, slow suicide may be
achieved by subservience to commitments demon-
strably fulfilled, but prolonged into a region of di-
minishing returns. This latter may be avoided in the
case of the client being desirous of our insisting on a
continuation of the organization’s work in the field
by formal termination of the existing commitment
and initiating work under commitments to a new re-
lated technical objective. (Examples: the second gen-
eration of a device, or the solution of the production
problems of the first generation.)

However, it is a fact of history that the prolonga-
tion of a project into the regions of diminishing re-
turns is most frequently the result of the mental iner-
tia of individuals or groups of individuals brought
about by their laudable interest in the problems and
the not so laudable concern over the investment they
had made in knowledge and skill, coupled with the
fear that this investment has become their sole asset.

The case of group inertia is complicated by man-
agement (nontechnical) factors. The expeditious ac-
complishment of most projects requires the directed
or at least coordinated efforts of a number of people
reporting to a group leader or supervisor who, in ad-
dition to technical knowledge and skill, must have
the ability to inspire each individual to give his best
toward the timely and excellent achievement of the
objective set for the group. It is obvious that the in-
creased responsibility of the successful group leader
merits increased compensation through status in the
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organization and monetary rewards. However, there
is an age-old management doctrine that the rewards
of a supervisor depend primarily on the number of
people reporting to him and only secondarily on the
technical requirements (imagination, innovation,
knowledge, and skill) of the project. Although easy
to explain to strangers, this doctrine is more treach-
erous. In particular, it greatly increases the time con-
stant of the organization to react promptly to in-
dicated changes. An able supervisor who could lead a
smaller group to a very challenging new assignment
not only feels a sense of deprivation in parting from
people with whom he has worked a long time, but he
may readily feel he has been demoted in starting with
another smaller group.

During the war Dr. Tuve, either consciously or un-
consciously, kept APL in a constant state of upheav-
al by frequent reorganization, if the word can be ap-
plied to such a loosely organized group. In passing, I
might note that after a visit and dinner with the top
staff of APL in 1950, Dean Acheson, then Secretary
of State, used the term ‘‘organized chaos’’ in a com-
plimentary way to describe his impression of APL.

Tuve was able to get away with his ‘‘constant mix-
ing’’ philosophy in the stress of a dire national emer-
gency. It is questionable in my mind whether this
modus operandi would be successful or even accept-
able in peacetime, but it did keep the time constant of
the organization desirably short.

Analogy with a well-designed guided missile sys-
tem suggests another way of dealing with the time
constant problem — a way that gives the hint of an ap-
plication of the principle of complementarity. A mis-
sile must fly stably and also must be able to change its
course violently. It is very simple to design a missile
that will be stable in flight. A well-designed arrow
shot from a bow is a good example; a rotating shell is
another; the spherical cannonball is a third. All of
these projectiles are designed on a knowledge of con-
stant external forces to follow a prescribed course to
its conclusion, perturbed only by variable forces such
as wind direction and velocity.

The greater the stability built into the missile, the
greater must be the force-time product needed to
change its course. Our battleships will keep moving
in a straight line essentially forever.

The maneuverable missile, on the other hand, if
left to itself, will be almost unstable, subject to being
thrown off its attitude and course by small perturba-
tions. Its control system, however, senses these small
perturbations and counteracts them in a timely fash-
ion, as do the central control mechanisms in a human
being. The missile has dynamic stability. It can also
sense the position, course (change of position), and
change of course of its target. Information so ob-
tained causes the control system to override the sta-
bility requirement and change the course of the mis-
sile in a timely way. Not only does the control system
change the course, but it anticipates the effects of its
action and avoids wide oscillation in the missile’s
course by further appropriate timely action. In short,
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the incompatible requirements of stability and man-
euverability are reconciled by timely and appropriate
planned reaction by the control system.

Another compromise in the design of a missile is of
interest in thinking about human organization,
namely, the compromise in strength and weight. Dur-
ing its flight a missile is subject to large mechanical
stresses, which it must be able to withstand if cata-
strophic events are to be avoided. Skillful engineers
can predict these stresses within tolerable limits and
seek to build a structure that will withstand them.
They can add more material to increase the strength
of critical parts of the structure, the classical tech-
nique used in building bridges, etc., but there are rig-
id limits within which they can work in the design of
a guided missile. Increase in the weight of the struc-
ture affects critically the power requirement of its
propulsion system, the demands on its guidance sys-
tem, and its overall performance.

There is another possibility. The structural engi-
neer can use materials which have themselves a high
strength-to-weight ratio, and this is what they do in
the aeronautics industry. This may seem very com-
monplace until one remembers the generations of sci-
entists and engineers who have labored to find ma-
terials such as aluminum, titanium, and their alloys,
to extract these materials from nature, and to process
them in useful form. Lightweight materials did not
drop like manna from heaven.

Getting ahead of myself somewhat, I shall apply
this latter analogy to a human organization. The ad-
dition of mere numbers of people to an organization
increases its ability to stand the demands of the envi-
ronment linearly and its inertia (time constant) expo-
nentially. Richard B. Kershner explored this phe-
nomenon in his 1957 paper.*

The structure of an organization depends on the
‘“‘strength-mass ratio’’ of the individuals that make it
up. Each member must be chosen for his innate attri-
butes — knowledge, skill, imagination, industry, etc.
But that is not all. Individuals must grow by being as-
signed work that stretches their ability to the utmost
and by appropriate educational opportunities to
broaden their knowledge and sharpen their skill. The
word ‘‘appropriate’’ covers so much that it would re-
quire a dissertation to bring out its implications.

The analogy of the missile system suggests some
fundamental requirements for the control system (di-
rection) of the much more complicated system, an or-
ganization of human beings, each individual of
which is itself a complicated system. The ideal con-
trol mechanism takes timely and appropriate planned
action based on reliable information from external
and internal sources, including timely information
from a feedback network, giving the results of the ac-
tions taken and what steps are necessary to reduce
overshoot in the organization’s progress to its objec-
tive.

In an organization, as in a missile, timeliness,
phasing, and planning are the key words, and deci-
sions to take action in one direction must always be
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accompanied by decisions to take counteraction at’
the proper time.

Even a superficial study of the implications of
what I have just said will give the reader the feeling
that the job of director of an organization is an im-
possible one. And this would be so except for the
concept of hierarchical control exemplified in the hu-
man body. The functions of the various organs are
first under a local control that keeps their actions
within certain limits; for example, the baroreceptors
in the major blood vessels keep the pressure of the
blood within certain limits. When the local control
system can no longer do its job, a regional control
system, capable of controlling organs which cooper-
ate closely with the affected organ, makes adjust-
ments. Thus, stresses on the local control system are
reduced. When these fail, the central nervous system,
which has control of the whole system, is brought in-
to play.

This concept is not a new one by any means; in
fact, the management of any organization is built on
a hierarchy of controls —top management, middle
management, foremen, etc. Some are not successful
at all. T suggest that factors which differentiate the
successful from the unsuccessful are timing (phas-
ing), anticipation, readiness, and excellence of per-
formance.

STRATEGIC PLANNING

This discussion of planning started with contingen-
cy planning and really ends there. On two occasions
the German General Staff prepared excellent and ex-
haustive strategic plans for the conquest of Europe
and probably the world. On both occasions the enter-
prises based on these plans failed completely, largely
due to the fact that they did not foresee, or perhaps
ignored, possible contingencies, such as the capabili-
ty of radar and the ‘‘Spitfire,”” the use of modern
techniques to ‘‘break’’ the code, the tenacity of the
Russians in defending the motherland, and the inter-
vention of the United States. Possibly the failure of
the German rulers was due to an inflexible obsession
with one means of achieving their grand objective.

Strategic planning for an R&D organization al-
ways has in mind one grand objective, namely, the
survival of the organization as a first-class institu-
tion. Many ways lead to this objective, posing
choices which must be explored imaginatively and
made wisely. For in addition to the five constraints
mentioned earlier in this paper, there are these ques-
tions: What has the future in store for the environ-
ment (world)? What resources can the organization
mobilize to take advantage of the opportunities the
future may bring? The crystal ball is not much help,
but a careful study of trends may be. Here I suggest
that we might classify appropriate trends into four
categories.

1. Inevitable. For example, the application of

microchips to new systems; radical improve-
ments in naval warfare in air, on the sea, and
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under the sea; industrial and military applica-
tions of microorganisms and their cells, etc.

2. Highly probable. Evolution of new knowledge
and techniques for exploring the oceans. Evo-
lution of new knowledge and techniques for ex-
ploiting natural resources, particularly nonfuel
resources (e.g., strategic materials). Naval use
of space, particularly near-earth satellites.

3. Probable. For example, novel sources of free
energy for transportation and for other domes-
tic and industrial uses.

4. Nebulous. 1 cannot recall a good example of
this category. This category of trends can be
observed best, perhaps, in the literature and
thinking coming from basic research laborato-
ries and requires a very fertile imagination to
perceive the significance of emerging ideas.
However, I might suggest the emergence of new
theoretical and experimental techniques of pos-
sible application in military technology or the
development of a greater understanding of
problems in human education and communica-
tion as fields of great interest.

Strategic planning for an R&D organization in-
volves the timely matching of the organization’s re-
sources to environmental trends, and probably the
most profitable part of strategic planning is the
building up of resources, men, and material, to facili-
tate this timely matching to a variety of opportunities
when they arrive.

In passing, one may note that the decision to link
the fate of an organization with a field in one of the
categories of environmental trends I have just men-
tioned is really a complicated and difficult one in-
volving all the constraints I have already outlined.
For example, to join an ‘‘inevitable’’ trend, the
organization must already have experience and ex-
pertise (I might almost say unique experience and ex-
pertise) in the chosen field. The potential payoffs are
already obvious to many and competition is ruthless.

As we go from category (1) to category (4) the pos-
sibility of a relatively small initial effort growing into
something big increases. The organization may get a
jump ahead of its competitors, and the potential pay-
off increases, as does the risk of tangible success.
Constraints (1) and (2) loom large in these decisions.

Here I intended to discuss the impact of basic re-
search on strategic planning, but find that the discus-
sion takes so much space that I am putting it into the
Addendum that begins on p. 53.

A professor at the Johns Hopkins Medical School
whose judgement I respect greatly once said to me,
‘“‘History has shown that the medical school and hos-
pital have seldom been the first to enter a new field
and never the last, but they have always taken on
something new when they could do a better job than
anyone else.”” This suggests one way of handling the
timing problem.

No matter how far strategic planning may look in-
to the future, it must always see the way from here to
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there. An organization which is currently producing
useful and wanted results in a given field usually has
acquired a vast amount of experience and expertise in
that and related areas. It has built up a ‘‘technical
momentum’’ of considerable magnitude and fairly
well-defined direction. To change even the direction
of this technical momentum will require considerable
force, and the stresses involved will be proportional
to the rate of change of this momentum. Thus, when
an acceptable long-range objective is chosen, the time
and effort required to change the organization’s tech-
nical momentum appropriately is a prime consider-
ation. I am tempted to suggest that, other things be-
ing equal, the course to follow is that which requires
the minimum rate of change of technical momentum.

In concluding this rather inadequate discussion of
long-range strategic planning, I would again empha-
size the contingency planning. Strategic plans may
explore and find new desirable long- and short-range
objectives, but if they do not contain thoughtful an-
ticipation of future vicissitudes, both internal and ex-
ternal, foreseeable and unforeseeable (the better the
planners, the fewer the latter), and prescribe possible
courses of action to cope with these vicissitudes, they
are hardly worth the paper on which they are written.

GROUP LEADERSHIP

So far I have linked my thoughts on planning with
the direction of the whole system of human and ma-
terial resources represented by an R&D organization,
but I must emphasize that what I have said may be
equally pertinent to the leaders of the subsystems of
which the whole is generally composed, namely, de-
partments, divisions, groups, etc. By consensus, the
leader of a subsystem accepts (unreservedly, we
hope) certain constraints such as the overall (stra-
tegic) objective of the organization, the specific area
in which his responsibility for achieving this objective
lies (for example, the development of an engine for a
missile, an RF transmitter for a satellite, research in a
given area of science), an upper limit to the resources
available to him, and a time scale.

Within these constraints, the leader of the subsys-
tem is free to formulate the tactical objectives he
deems appropriate for his task and assign technical
objectives to his subordinates. I think his plans
should include plans for contingencies. To be suc-
cessful he must be perceptive of external and internal
trends and have available, at least in his thinking,
courses of action to be taken in the event of the oc-
currences of vicissitudes these trends may portend.

In a fascinating essay on The Art of Management,
Vannevar Bush selected Horatio Nelson as a superb
example of a past master in the art of management.
Nelson could inspire the loyalty of his men and their
admiration for his consummate ability in formulat-
ing strategic plans of action to suit the occasion.
Before an engagement, he explained his plan of ac-
tion to his admirals and captains and then sent them
off to implement these plans with full authority to
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conduct the detailed operation of their ships as they
deemed appropriate to the circumstances that arose
in the course of battle. The analogy between group
leaders in an organization and the captains of ships in
Nelson’s fleet is very suggestive and valuable in
developing a good management policy.

SUMMARY

To sum up this admittedly rambling discourse, I

repeat a few of the points I have tried to make about
the functions of planning.
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1. Since an R&D organization is an open system

whose objectives are achieved by the coopera-
tion of a number of individuals for whom ex-
tension in time is important, the overall func-
tion of planning is to safeguard the viability of
the organization by realistic anticipation of
future needs and opportunities and of the or-
ganization’s potential to meet those needs or
grasp the opportunities.

2. Intelligent planning is based on firsthand infor-

mation about trends in the environment from
which the organization derives or may derive its
nourishment, its clients and their real needs,
prevailing economic and social conditions, the
technological environment, etc. Planning re-
quires expert analysis of these trends to bring
out (a) their consistency, (b) the significance
and viability of the organization’s current pre-
occupations, (c) anticipation of troubles arising
from environmental changes, (d) anticipation
of new and desirable opportunities that may
arise from environmental changes, and (e) ex-
amination of trends in technological and social
areas that may enable the organization to cre-
ate for itself opportunities for service and be-
nign growth. These studies should result in a
listing with appropriate detail of actions, one
of which the director of the organization may
implement promptly, if and when the necessity
of a change in course arises.

3. Intelligent planning also involves perceptive

observation and analysis of trends in the or-
ganization’s own abilities to use its resources
effectively and of the capacity of these re-
sources to respond to external demands, to cap-
italize on new opportunities, or to create desir-
able new opportunities for service. I call partic-
ular attention to the time constant of the or-
ganization.

4. All planning contains so many partially known

or understood elements that wherever possible
its “‘theoretical’’ output should be verified by
experiment. Three ways suggest themselves.
Historical studies, if conducted perceptively,
can tell about the fate of plans made for proj-
ects or programs that have been successful or
unsuccessful. A study of the feedbacks in the

system can provide information about how well
plans are working. In general, particularly in
the area of research, the progress of a well-
planned investigation is characterized by pos-
itive feedback; the output augments the input.
Finally, experiments may be devised with the
cooperation of the hardware people to test the
validity of critical elements in a set of plans. In-
cidentally, discussions between those responsi-
ble for building devices and those assessing
their effectiveness in meeting the client’s objec-
tive have refined both operations. Modelling
and the use of computers are very popular for
assessing the consequences of a planned course
of action before it is put into effect. This
technique, however, depends on the realism of
the model and requires unprejudiced inputs
from the planner, the implementors, and users;
otherwise the results can be quite misleading.

5. Significant words (those responsible for the

preparation and implementation of plans) that
should always be kept in mind are anticipation,
timing, phasing, feedback, response time,
readiness, and preconsidered action.

6. The principle of complementarity suggests that

the operation of any system requires the main-
tenance of balance between two fundamentally
conflicting concepts important enough to be
called requirements. In a system composed of
human beings, these conflicting concepts are
freedom of the individual on the one hand and
centralized authority on the other. The proper
maintenance of this balance depends on the en-
vironment and current tactical objectives and is
a function of time. Applications of the princi-
ple of complementarity call for a change in
management lore, imposing on the manager re-
quirements for greater vigilance, flexibility,
and contingency planning (anticipation) for a
change of course. In particular, the manager of
an innovative program should plan for success
and be prepared to adjust the AF/AR ratio as
applied to his subordinates as the program
moves from thought to specific action. Fur-
thermore, the application of the principle of
complementarity must be well understood and
accepted by the individuals concerned, particu-
larly in a heterogeneous organization, a very
difficult thing to accomplish since people tend
to look for across-the-board policies that are
set in concrete like the Laws of the Medes and
Persians. I have a suspicion that very successful
managers have applied the principle of comple-
mentarity instinctively, but I have not thought
the matter through. I must leave that to youn-
ger minds.

7. The function of a good helmsman is to keep the

ship on its course to an agreed-upon destina-
tion and to avoid large oscillations in the course
from environment forces, the ship’s inertia,
etc. The positive feedbacks from a successful
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project can produce explosive growth. When to
introduce the negative feedbacks that counter-
act this trend and dampen the oscillations that
may prejudice survival is a function of the di-
rector, fortified by intelligent planning.

CONCLUDING REMARKS

Although useful for illustrating some points that I
consider important in planning and directing the
course of an organization of human beings, the guid-
ed missile analogy must not be pushed too far be-
cause it would lead to the conclusion that a strong,
indeed an almost tyrannical, central control system is
essential to the successful operation of any system.
This, of course, is at variance with all I have said and
arises from the fact that the missile has been designed
(by human beings) to achieve a certain predefined
and very specific objective and having done so, the
missile’s career ends abruptly.

An R&D organization has at least a dual objective:
(a) research, the discovery of new knowledge and
understanding, and (b) development, the reduction
of new knowledge and understanding to useful de-
vices or services. Both of these strategic objectives
imply innovation, journeys taken into the unknown
at some risk but with the hope of great profit. All
innovations begin by the coincidence in one man’s
mind of two ideas, the realization of a problem or
need and the concept of how this problem might be
solved. This association leads to a new idea, which
after gestation in the individual’s mind, makes its
public appearance, providing tactical objectives for
the exploitation of groups of workers, perhaps to ex-
plore expeditiously the new knowledge lying in a
specific field of nature, perhaps to develop new de-
vices or services that promise greater usefulness to
society as a whole. As these tactical objectives ma-
ture, they become more specific, desirable technical
options are reduced, and the completion of a device
or the prescription for a service becomes a matter of
urgency requiring strong control, as in the missile.

In an R&D organization, there is present at any
one time a spectrum of activities ranging from the in-
dividual conception of new ideas to the collective re-
duction of ideas to reliable practice. The problem is
““how do you design and operate an organization to
take into account this degree of heterogeneity?’’ In
other words, how do you achieve an overall value of
AF/AR in such a way that local values of AF/AR can
be maintained at optimum levels? I don’t know the
answer. But, I am convinced that whoever finds it
should (but probably will not) be regarded as a bene-
factor of the human race.

ADDENDUM: THE IMPACT OF BASIC
RESEARCH ON STRATEGIC PLANNING

It may be appropriate to say a word or two about
basic research in the context of strategic planning.

It is often said, particularly by people soliciting
funds from poorly informed sources, that basic re-
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search must be strongly supported in order that the
depleted reservoir of scientific knowledge be kept
filled up so that technological applications (of great
value to the national economy) may be found and
promoted.

This plausible statement is, however, so naive that
it may almost be called misleading. Where is the res-
ervoir? And is knowledge depleted by use?

Generally speaking, scientific research is the search
for new, reliable knowledge and validated facts, and
is the search for a mental model or structure that ac-
commodates all validated facts in a consistent and
aesthetic pattern often called a theory.

The establishment of one or two valid facts is a
laborious process which may take a man a lifetime.
The nugget of gold is hard to refine from the dirt in
which it is found. Even then, until the new fact fits
neatly into the theoretical pattern, both are suspect.

The established patterns called physics and chem-
istry now accommodate consistently millions of valid
experimental facts. We have great confidence in the
validity of both fact and theory, but this confidence
cannot be infinite. A new fact can still overthrow the
most powerful theory we have; a new and more pow-
erful theory may change our perspective on the inter-
pretation we may give to experimental facts. There is
still more reliable knowledge to be gained than we
can imagine, a thought that should keep us humble.
Basic research is still full of surprises.

I think that the mainspring of basic research is hu-
man curiosity, curiosity in the mind of one person, be
it a director, a group leader, or a student, and this
leads me to suggest three types of basic research:

1. Research motivated by curiosity aroused by
conflict.

2. Research motivated by curiosity catalyzed by
opportunity.

3. Research motivated by pure curiosity fortified
by sagacity.

Examples of each abound. Many people, including
Galileo, Planck, Gibbs, Einstein, and Pasteur, to
mention a few, have taken seriously major or even
minor discrepancies between experience and estab-
lished dogma and devoted their lives to attempting to
resolve the conflicts so generated.

New instruments such as telescopes, microscopes,
rockets, sensitive techniques of analysis, high voltage
accelerators, etc. have opened up to exact observa-
tion vast areas of nature hitherto essentially closed to
direct observation. The curiosity of men has led them
to capitalize on these opportunities to gain reliable
knowledge in hitherto inaccessible places. Pure curi-
osity fortified by sagacity implies the wonderment in
an alert, reflective mind that encounters something
brand new and strange and abhors mysteries, char-
acteristic of many of the natural scientists, geo-
logists, paleontologists, and anthropologists, and in-
deed, all pioneering explorers.
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The systems of thought and action in scientific research.

Of course, these types of basic research are closely
interrelated not only among themselves but with ap-
plied research, development, and finally engineering.
I have attempted to show these interrelations in dia-
grams,’ the latest of which is shown here.

There are two characteristics common to all basic
research in its purest form:

1. It is full of surprises. Indeed, if surprising and
unexpected results do not come out of this ac-
tivity, one may say it may add routinely valu-
able contributions to reliable knowledge, but it
has not achieved its highest goal.

2. It is untameable. It cannot be ‘‘cabined,
cribbed, confined;’’ a first-class investigator
must follow his results wherever they lead, and
not be subject to the goals set by adminis-
trators, arbiters of fund allocations, nor even
by the dictates of peer review committees.

Strategic planning is based on predictions or fore-
casting, and in my article’® in the California Manage-
ment Review 1 called attention to the fact that fore-
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casting in the area of basic research is possible but
risky.

To be sure, a study of research in progress,
and especially of established lines of investiga-
tion, does enable us to predict in broad general
terms what the state of knowledge in a particu-
lar field will be five years hence. At least we can
set a lower boundary to what our knowledge is
likely to be. However, Box A |basic research| is
the region of discovery — the opening up of un-
expected new fields of knowledge. In this sense
its outputs are really unpredictable. Hence, an
attempt to forecast the upper boundaries of the
outputs of Box A is likely to be so hazardous
that the wise man refrains from doing so.

In these days when the acquisition of new, reliable
knowledge takes place at an ever increasing rate, one
cannot rely on perusal of current journals or other
publications as a means of keeping up to date with
advances in scientific knowledge. Discoveries may be
a year old, at least, before they appear in print. There
have grown up a number of what has been called ‘‘in-
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visible colleges,’” meetings or symposia attended by a
small number of experts in a specialized field who
communicate to each other their latest findings,
which may or may not be completely validated, but
which are always thought provoking. Economic ne-
cessity generally limits the circulation of the proceed-
ings of these meetings to preprints sent to those in at-
tendance or interested friends of the authors.

I submit that even to have available to it informa-
tion about the possible boundaries of knowledge five
years hence on which to base tentative plans, an R&D
organization should have access to one or more of
the ‘‘invisible colleges,”” which means that some
members of its staff should be able to make contribu-
tions to the agenda of the ‘‘college,’’ the price of ad-
mission. In their heyday, General Electric, Bell Lab-
oratories, and du Pont, to mention only a few, fol-
lowed this practice very profitably.

Basic research, or as it used to be called, ‘‘pure
scientific research,’’ lies at the intellectual end of a
spectrum of activities called technology. It is an art,
and the excellence of the product depends on the cre-
ativity and the industry of the practitioners. They
become fascinated with a subject outside themselves,
but leave on their product the stamp of their indi-
viduality. The well-known dictum of that pragmatic
man of the world, Francis Bacon, ‘“‘Knowledge and
power meet in one,”’ represents a consequence of the
work of pure researchers, but must not be mistaken
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for the motive that inspires their work. Without the
poets, the painters, the musicians, the writers, the
philosophers, and others who enrich us with intangi-
ble gifts, the life of the genus Homo sapiens would
lose its savor. We may add to this list the intangible
contributions stemming from the curiosity of the
pure scientist.
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