WTARY PROFESSIONALS AS POLICY ADVISERS . . . FORECASTING
JGRESS OF TECHNOLOGY . . . STOP USING LABOR AS A FREE GOOD

MARCH-APRIL 1969



AR L

! i U :
AIR UNIVERSITY

REVIEW










AIR UNIVERSITY

EVIEW

<
BN <
’to\t{f‘_!,‘ ‘L\r“'\’

Hargs of

HE PROFESSIONAL JOURNAL OF THE UNITED STATES AIR FORCE

ILITARY PROFESSIONALS AS POLICY ADVISERS . . . . « =« =+ « =+ =+ =« o =« =« 2
Lt. Col. William E. Simons, USAF
ORECASTING THE PROGRESS OF TECHNOLOGY . . . . . - =+ =« =« « o =« « =« = 11
Maj. Joseph P. Martino, USAF
T's STop USING LABOR as A FREEGOOD . . . . . « v « « « « « « « . . 21
Maj. Herman L. Gilster, USAF
CaSE FOR CONTINUITY . . - & v « 4 4 e 4 4w v 4w e e« « w « « . . 33
Capt. Angelo J. Cerchione, USAF
' gnoLD THAT TiGER—THE VERTICAL TAKEOFF AND LANDING OPTION . . . . . . . 42
‘ Col. Richard S. Morrison, USAF (Ret)
How TO SOLVE A PROBLEM . . . . o « o v v v ii e e e e .89
( Robert L. Petersen
HE IMPLICATIONS OF “NEw VIEW” FOR MOTIVATING OFFICER BEHAVIOR . . . . . . 57

Dr. Clifford E. Smith

Force Review
MARCE . . . . . . . . « v v v v v v v v v v v v v o o o . 63
Maj. Gen. George M. Johnson, Jr., USAF
ilitary Affairs Abroad

CENTRAL AMERICAN DEFENSE COUNCIL . . . v v v v 4« o o o o« v v « . 67
Lt. Col. Laun C. Smith, Jr., USAF
PROFEsSIONAL MILITARY EDUCATION INTHE LUFTWAFFE . . . . . . . . . . 16

Maj. William Bruenner, USAF
lin My Opinion

THE INFORMATION ExPLOSION—CAN THE AIR STAFF HANDLE IT?P . . . . . . . 83
1 Lt. Col. Lewis M. Jamison, USAF
J DiscipLINE AND OFFICER TRAINING, CONFLICTING INTERESTS . . . . . . . . 89

! Maj. Donald T. Sandler, USAF
Books and Ideas

i UNITED STATES PoLICY IN ASTIA . . . . . . v v v v o o o« o« o . . . @98
Lt. Col. Norman D. Eaton, USAF
Wxose Sme Is Gop On? . . A ey . . B . 8N . . 97

Chap. (Lt. Col.) Edward R. Lawler, USAF

the cover

Our artist’s compartmented illustration re-
flects only partially the diversity of the
contents in this issue of the Review as our
contributors, military and civilian, ponder
a wide range of topics of concern to the Air
Force: Colonel Simons on officers as policy
advisers, Major Martino on forecasting future
technology, Major Gilster on manpower phi-
losophy, Captain Cerchione on continuity in
base information programs, and ten others.

dress manuscripts to: Editor, Air Univer-
Sy ficview, Aerospace Studies Institute, Max-
| Air Force Buse, Ala. 36112. Printed hy
emment Printing Office, Washington, D.C.
bscriptions are sold hr Air_ University
200k Department, Maxwell Air Force Base
a. 36112: yearly $4.50, back issues 78
#%. USAF RECURRING PUBLICATION 50-2.

No. 3 MARcCH-APriL 1969



“. .. The interaction of military and
nonmilitary elements in the emergency
of national security issues has become so
complex as to require military
judgments as a 1egular part of the

policy-making process.”



MILITARY PROFESSIONALS
AS POLICY ADVISERS

LeuTtENANT CoLoNEL WiLLiaM E. SiMONs

LONG the route of the shuttle bus be-
tween the Department of State and
the Pentagon Building, one passes a
new and steadily expanding section of Arling-
ton Cemetery—grim reminder of the responsi-
bility assumed by those who make national
security policy. As a result of both public
legislation and historical precedent, the military
profession shares in that responsibility. More-
over, as a group with what Sir John Hackett
calls an “unlimited liability” to support their
nation’s policies, they have an obligation that
goes beyond purely constitutional imperatives.*
They have both a vested and a public inter-
est in seeing to it that national military com-
mitments are based on realistic and sufficient
assessments of our vital national security
concemns.

In the continuing controversy over Viet-
nam it has become the vogue for those critical
of U.S. involvement to challenge the policy
role of the military. Charges of brainwashing
the public have been leveled against that old
bugaboo, “the military-industrial complex.”
Some extremists have demanded an end to
“the Pentagon’s unwarranted influence” on
national policy formulation. But in this respect
the current confrontation between Vietnam
“doves”™ and “hawks” has provided only the
most recent episode in a recurring controversy
m American public life.

Opposition to military influence on policy-
making is not new. It played a significant role
in the great debate that shaped our Constitu-
tion, and it was voiced frequently in the early
years of our national political life. More re-
cently, during the Eisenhower Administration,

it was evidenced in foreign policy literature
expressing concern over too vigorous prosecu-
tion of the cold war. In the Kennedy Adminis-
tration, it found vocal support in Congressional
protests against military participation in pro-
grams designed to educate the public on
national security issues. Such opposition is
merely another aspect of the classic and con-
tinuous public “dialectic between freedom and
security.”? On one side of this dialectic, those
who see great evil in public policies or actions
which encroach in any way on individual lib-
erties feel threatened by the prospect of policy
that is influenced by a profession whose raison
d’étre is collective security.

A modern nation-state’s performance in
both domestic and international affairs is de-
pendent in large measure on its effectiveness
in balancing the imperatives of freedom with
those of security. Both qualities are essential
to the health and growth of a political society.
Similarly, improved national performance has
been accompanied by an increasingly effective
partnership between civilian and military offi-
cials in the shaping of national policy. To bor-
row from Clemenceau, if war is too important
to be left to the generals, the maintenance of
peaceful order is too complex to be left to the
politicians or the political idealists.

By ignoring this reality, critics of a policy
role for the military in effect reject the demo-
cratic ideals that they openly espouse. The
fact is that the archconservative viewpoint
they fearfully attribute to a military stereotype
could not find voice in American political
dialogues if it did not exist already in the
civilian community. In a society as firmly
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oriented to the civilian as that in the United
States, so-called “military” arguments could
not be heard in domestic politics unless they
had strong advocates within civilian political
circles. I do not call attention to this to suggest
either the correctness or incorrectness of such
arguments. Indeed, it is evident that they have
not represented a dominant view within the
electorate in recent years. Rather, the point is
that these arguments represent a legitimate
point of view that finds a civilian voice at
least equally as powerful and as entitled to
be heard as the voices of those who deny a
proper role for the military profession in policy
formulation.

Actually, the military are no more repre-
sentative of this archconservative viewpoint
than the civilian population is of an ultra-
liberal opinion. Since the early 1950s profes-
sional officers have increasingly exemplified
the combination of socioeconomic background
and educational preparation that has produced
the range of social and political perspectives
found in the civilian community. The almost
uniformly conservative attitudes of the pre-
World War II professionals have been offset
considerably by larger numbers of career of-
ficers with more liberal views.* Of course, on
issues of national security the predominant
professional attitude remains conservative.
However, it is a conservatism stemming
from responsibility for that particular aspect
of American life, much as business executives
are conservative about matters of company
finance and college professors are conserva-
tive about academic policy. Would anyone
suggest that these kinds of attitudes make it
improper for these men to influence policy in
their particular spheres?

It is no less proper for the military to
contribute to policy-making in the national
security sphere. The kinds of responsibilities
that affect their attitudes also help equip
military officials uniquely for rendering policy
judgments. Being charged with the manage-
ment and direction of military forces com-
mitted to the implementation of policy, mili-
tary officers are particularly aware of the costs
in material and human resources which cer-
tain kinds of decisions can incur. Moreover,

in addition to their direct staff and field expe-
rience, many officers acquire an educational
background comparable to that of civilian
officials. The combination provides invalu-
able preparation for evaluating the political-
military interactions likely to result from con-
templated policy decisions.

With the human resources at its disposal
so uniquely qualified to offer practical and
rational judgments on vital national security
issues, it is essential to the national interest
that the military profession take a vigorous
part in helping to determine what these poli-
cies should be. Indeed, it would be irresponsi-
ble if the profession were merely to wait
passively while policy determinations were
being made. The days of such a simple divi-
sion of labor between the nation’s military
and civilian officials have long since passed.
The interaction of military and nonmilitary
elements in the emergence of national security
issues has become so complex as to require
military judgments as a regular part of the
policy-making process.

There are several reasons why this is so.
The basic reason is that all aspects of national
security policy relate in some way to the use or
condition of military forces. Both deterrence
and forward defense policies depend in large
measure on the way forces are postured and
deployed. If either of these policies should fail
to have its desired effect, the forces may have
to be committed to combat. Adjustments in
national monetary policy may affect troop
deployments or weapon and equipment pur-
chases. Domestic economic and social pro-
grams may produce changes in military force
composition and require adjustments in train-
ing programs. Mutual assistance agreements
usually create personnel requirements for
overseas missions which the military services
must accommodate. Arms control negotiations
may infringe on the operational procedures
and logistics of forces in the field. National
budgetary decisions establish real limits on
various military programs.

To attempt to develop such policy ele-
ments without benefit of military advice could
result in serious overcommitments of available
resources and in obvious program shortcom-



ings as the policies were implemented. The
ange of national security problems affecting
militarv forces is more than matched by the
-ariety of nonmilitary agencies and offices
whose advice is sought on these problems.
ne could not expect even career officials in
ese agencies to be fully aware of the military
impact of their recommendations. Less likely
to be sensitive to such matters are the more
jtinerant, bright young men with whom the
civilian agencies in Washington seem to
abound. These occasional members of the
bureaucracy. who move in and out of govern-
ment or shift from agency to agency, may not
remain long enough to experience the conse-
quences of policies on which they render
judgment. It is important, therefore, that mili-
tarv professionals, who have had to cope
directly with the procedures and effects stem-
ming from various policy decisions, be given
opportunity to review and recommend posi-
tions on issues likely to affect them.

A second reason is encompassed in an
observation of Karl von Clausewitz:

Wars are in reality . . . only the manifes-
tations of policy . . . ; policy is the inteliigent
faculty, war only the instrument, and not the
reverse.*

If one substitutes “military action” for “war,”
the meaning is sharper; Clausewitz reminds
his readers that policy judgments establish the
intent and provide the direction for all military
activity. It follows, therefore, that procedures
are needed to ensure that military activities
are carried out in ways appropriate for policy.

Military participation in the development
of policy is one means of providing that assur-
ance. Involving the military profession in the
?ievelopment of national security policy in-
treases the likelihood that the full intent of
the policy will be understood by a primary
'implementing agency. Thus, the implementing
directives and command judgments can be
more readily attuned to the purposes perceived
Dy national leadership. Conversely, the likeli-
ood can be lessened that the implementing
ctions might inadvertently convey to friend
I enemy signals that conflict with the original
licy intent.
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A third reason for military participation
is to ensure that policy decisions are based on
realistic appraisals of the strategic alternatives
available to the United States. To be sure, the
military profession has no monopoly on wise
uses of military power. Forward-looking mili-
tary concepts and timely strategic judgments
have also emanated from the civilian research
community and from certain civilian officials.
Moreover, excellent studies, like Elting Mor-
rison’s Admiral Sims and the Modern Ameri-
can Navy and Barbara Tuchman’s The Guns
of August, have appropriately illustrated the
shortcomings of doctrinaire application of
purely military rationale. Still, while perhaps
not always proven correct in the strategies
they recommend (And who is?), military
officials are uniquely qualified to describe the
resources and costs demanded by available
strategic alternatives.

Realistic strategic appraisals are essential
to help national leaders examine critically any
schemes for scoring major international coups
“on the cheap.” While much has been written
about the doctrinal biases and past errors of
the military, little criticism has been directed
toward these politically attractive, intellec-
tually exciting strategies devised by highly
persuasive but overly academic theoreticians.
These schemes have great appeal for the
policy-maker who feels the need and the pres-
sures to take some initiatives, but who recog-
nizes the severe penalties of overcommitment
and the difficulties of rallying public support
for less palatable though perhaps more assur-
ing measures. The Taft-Radford proposals for
relying on offshore air and naval power to
contain Communist expansion provide one
example.® The Schelling theories and analogies
on behalf of “compellence” are another.® The
initial wave of counterinsurgency tracts repre-
sents a third.

Such ideas have wide appeal. They give
intellectually live persons an opportunity to
spin out internally rational theories on matters
of public importance. They provide public
officials with hopeful ways of dealing with
sticky national security problems when more
conventional solutions are clearly unacceptable
at the time. They may offer defense industries
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and “think factories” new areas for research
and development. They may also promise in-
dividual services an opportunity to regain
prestige or support which they perceive as
lost.

Not that these kinds of appeal are harmful
in themselves. On the contrary, it is out of
motivations like these that many sound ideas
and effective policies emerge. The critical
problem is that such multiple appeals and the
pressures they generate have a tendency to
obscure the hidden ultimate costs.

Unfortunately, the costs can be high. Na-
tional military involvements that might be
avoided in the face of risks and costs associ-
ated with more conventional solutions may be
entered into—in the belief that desirable re-
sults can be obtained by the “cheap” approach.
The plain truth, demonstrated repeatedly in
history, is that major international successes
seldom come cheap. And. once entered into,
national commitments intended to achieve
these successes seldom are short-lived. One
need only consider the oft-repeated reference
to the contributions of “three Presidents” to
current Vietnam policy to realize how subtle
and far-reaching seemingly “safe” international
policy decisions can be.

Being long experienced and professionally
involved in the real costs of overseas commit-
ments, the military services must assist in
evaluating the alternative strategies available
to U.S. leadership.

Actually, the military does participate in
the policy-making process—through the Joint
Chiefs of Staff, the Joint Staff, and unilateral
service channels. As “the principal military
advisers to the President, the National Security
Council, and the Secretary of Defense,” the
Joint Chiefs of Staff register policy viewpoints
and recommend courses of action to deal with
most major national security issues.” This can
occur either as a result of a request for jcs
views, channeled through the Secretary of
Defense, or as a result of jcs initiative. Their
viewpoints are also injected into various inter-
agency committees by high-ranking members
of the Joint Staff. The principal bodies in
which they are expressed at present are the
Interdepartmental Regional Groups, one for

each major foreign policy area. Among other
supervisory functions, these bodies are tasked
with developing formal statements of U.S.
policy objectives, in Country Analysis and
Strategy Reports, and with recommending
policies to deal with developing situations in
the geographical region each group represents.
Other Joint Staff officers participate in such
interagency functions as the development of
Country Internal Defense Plans, which pro-
vide guidance relevant for the U.S. Military
Assistance Programs (Map).

Aside from their routine staff contributions
to the development of jcs policy positions, the
individual services also have unilateral means
of influencing policy. Legislation provides the
service chiefs with procedures for making
their own views known outside the regular
jcs-pop channels. The chiefs may appeal pop
policy recommendations through direct access
to the President. They and their deputies are
also enjoined to testify before Congressional
committees and present their views irrespec-
tive of those recommended by the jcs corpo-
rately or by the Secretary of Defense. In
addition, the individual services can transmit
their unilateral views to the Secretary of
Defense through their respective civilian sec-
retaries. Concepts and arguments that become
altered or beclouded in the process of joint
staffing can sometimes be presented more
clearly and persuasively through this channel.

However, in the past, the services have
not tended to use these direct channels to ex-
press individual views on issues that would
commit the nation as a whole. Rather, these
channels have been used primarily to comment
on specific force-related issues—for instance,
whether or not to buy a nuclear carrier,
whether or not to authorize additional tactical
fighter wings, whether or not to create an air-
mobile division. Although such issues are im-
portant to the shape and thrust of national
security policy, the commitments they would
entail include providing certain levels of funds,
supporting particular force levels, or structur-|
ing our defense establishment—all elements
that can be redressed unilaterally (though
perhaps not readily) through subsequent ap-
propriations or legislation. Only indirectly



‘might these commitments move the nation
toward or away from involvement in conflicts
or in alliances that determine the thrust of
national life for a generation or more in the
future. The service chiefs have very rarely
addressed this latter kind of issue through
their privileged access to the nation’s legisla-
tive and executive leaders.

Views of the chief military officers on the
more deeply committing national policies usu-
ally are submitted by the corporate ycs bodyv
through formal Department of Defense chan-
nels. The Secretary of Defense may or may
not forward the views of the Chiefs if they
have not been specifically requested by an-
other agency. Similarly, at his discretion, he
may or may not explain to the Chiefs the
reactions which their views have evoked from
other high-level officials. However, the Chair-
man of the jcs is a regular participant in
major policy discussions among principal
agency officials, and he is a source of informa-
tion for the services concerning policy posi-
tions taken by other agencies. He also has the
opportunity to explain the views of the Chiefs
to the other officials. Because of the corporate
and formalized nature of the jcs inputs into
the policy-making process, their views are
stated as tersely as possible and in a way
calculated to directly support recommenda-
tions for particular decisions or actions. Be-
cause theirs is the only regular opportunity
for military inputs, the jcs try to present a
united front as often as possible. In the proc-
ess of developing a consensus that can be
shaped into a direct recommendation, a com-
promise is frequently worked out among indi-
vidual service positions, and many of the
nuances and qualifications typical of complex
policy issues are either omitted or submerged
in language acceptable to all. Such procedures
cannot always enable the military profession
to contribute the kinds of judgment of which
it is capable to the shaping of really critical
national policies.

‘ T'o pLay a more effective role in
the shaping of policy involving long-term
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national commitments will require at least two
kinds of changes in the usual jcs methods of
operation.” One is the maintenance of a more
responsible, independent position on such vital
issues. The other is a deeper analysis of con-
templated courses of action with respect to
long-range costs and risks.

In the past, the jcs has operated accord-
ing to a “good soldier” philosophy. Under this
approach, an attempt is made to keep military
matters distinct from political considerations.
The latter are regarded as the prerogative of
the State Department and the White House,
so judgments on these matters are seldom ren-
dered by the Chiefs. Accordingly, there has
been a tendency to accept the political objec-
tives stated by civilian authority as given. The
jcs have then recommended military measures
they consider best suited for achieving those
objectives. In addition, when confronted with
the decision or when anticipating that their
preferred approach was not acceptable to
higher political authority, the jcs have some-
times suggested lesser or compromise mea-
sures believed to be more acceptable. In such
cases they usually have pointed out that the
lesser measures would not be likely to attain
the objectives; but on occasion they have used
such discrepancies to argue more vigorously
for that preferred course of action as follow-on
measures. Rarely if ever have they questioned
the initial objectives or suggested substitution
of lesser objectives.

Moreover, when examining and rendering
judgment on the outcomes to be obtained from
recommended courses of action, the jcs nor-
mally provide only “first order” analyses. Their
memoranda and annexes usually discuss the
immediate results expected from U.S. and
friendly actions. They also normally include
the range of possible “enemy” responses and
a description of those he is most likely to
take. Joint Staff attempts to address the con-
sequences of recommended actions or posi-
tions seldom include the next steps which the
“enemy’s” alternative reactions would require
from the United States and its allies or the
impact which the next round would have on
his or our policy commitments. If dealt with
at all, the long-term political implications of
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these recommended courses of action are
given only perfunctory treatment. Finally, and
sometimes ultimately, the jcs discussion of
consequences may be watered down and
worded in such a way as to assure that it does
not damage the vital interests of any one of
the services.

In order to be effective in helping to
shape policies involving possible long-term
commitments, the military must take a stronger
hand in helping to determine the nation’s
policy objectives where military activities are
involved. In particular, they have an obliga-
tion to point out any incompatibility between
the desired ends of policy and the politically
acceptable means for implementing it—even
to the extent of stating a wholly negative
position if that be their corporate judgment.
In addition, service differences or reservations
with respect to this incompatibility must not
be submerged in the interest of presenting a
united front. Awareness of dissenting or minor-
ity views on the part of one or more services
could serve to focus interagency discussion on
issues that would result in a more realistic
appraisal of national aims.

It is essential that this be done, because
once objectives have been adopted and na-
tional programs initiated, resulting commit-
ments are not readily reduced. Neither is their
character easily altered. President Truman’s
decision to abandon the objectives of unifying
Korea by force in 1951 demonstrated the great
political cost risked by lowering policy objec-
tives once U.S. forces are committed. It is
doubtful that the domestic effects of that
demonstration have gone unheeded by astute
political leaders. Like military intervention,
military alliances and foreign aid programs also
constitute public commitments. These, too,
cannot be abandoned without penalty of do-
mestic or international political cost.

Public policy objectives cannot easily be
compromised by a political leadership under
fire from domestic and foreign critics, nor can
national commitments be taken lightly. If valid
initially, the nation’s policy objectives should
not be abandoned or emasculated simply be-
cause they prove difficult to achieve. Of course
errors in judgment will occur, and the policy-

making process ideally should permit a recast-
ing of objectives if an Administration perceives
that the costs of achieving them have turned
out to be higher than can reasonably be borne.
Normally, however, when objectives are real-
istic, it is to be expected that an initial lack
of success will be followed by repeated or
intensified attempts. Particularly when com-
mitted to assist another nation, a government
of the United States—which historically has
stressed respect for international agreements
freely entered as a key principle of responsible
diplomacy—cannot afford to discard such an
obligation lightly. For all these reasons it is
important that before public commitments are
made our policy objectives be scrutinized and
determined to be reasonable in the light of
measures that the nation’s leaders feel able to
undertake.

In contributing to this vital policy func-
tion, the military professional should have an
important role (primarily through the jcs) to
define the proposed obijectives clearly in op-
erational terms. He should explain to other
policy advisers and to decision-makers that,
given their proposed statement of what the
United States hopes to achieve, “the objective
behavior patterns of enemy leaders and forces
would have to consist of the following . . .”
and “these are the kinds of military and politi-
cal actions the United States would have to
undertake to get them to react that way. . . .”
In addition, he should make explicit the kinds
of enemy behavior likely to result from any
lesser or different actions on our part. He
should then describe in detail the ways in
which such behavior would be different from
the patterns corresponding to the proposed
objectives. Hence, he would make clear that,
if only certain kinds of action are agreeable
to the President and his chief advisers, they
must recognize beforehand that only certain
objectives are reasonable for the nation to
endorse. This process would be repeated for
different formulations of our goals as many
times as necessary to develop a set of opera-
tional objectives compatible with the prevail-
ing political mood and the long-term national
interest.

Defining objectives operationally is con-



siderably different from the usual jcs practice
of saying, “This is what we stand a good
‘chance of achieving, but on the other hand
the enemy may do this.” It is different, first,
because usual practice is to say this and little
more, at least until new ground rules are re-
ceived from the Office of the Secretary of
Defense (osp). Under this new approach, the
jcs would in effect be helping to formulate the
ground rules as they go along. It is different
also because, through this iterative process,
professional military judgments would play a
.major part in determining what the ultimately
‘agreed-upon objectives would be. Instead of
acting as a technical bureau, largely self-
limited to providing narrow judgments on
request, the jcs would be contributing its
needed professional insights as a full partner
in the policy-making process.

As a companion process to helping deter-
mine realistic national policy objectives, the
jcs must also help stimulate systematic con-
sideration of the long-term costs and risks
incurred by contemplated courses of national
action. With their own rather ample staff re-
sources and with support from the service
staffs, the jcs could set an example for other
contributing agencies by making a deeper,
more comprehensive analysis of the broad
implications of proposed national security
policies than has been the usual practice in
the past.

The typical “first-order” analysis of ex-
pected results and likely enemy responses is
inadequate because international political-
military situations are extremely fluid. They
contain too many variables and are too de-
pendent upon day-to-day decisions in different
governmental and military headquarters to
enable sound policy decisions to be based on
this kind of analysis alone. For example, in
the context of military conflicts, there is ample
evidence to indicate that even basically ra-
tional and stable considerations like a national
commitment must be regarded as a variable.
In addition to the expected motivation to try
barder when denied a goal, governments may
also raise their sights in response to success.
Our own government illustrated this in Sep-
tember 1950, after MacArthur's successful
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Inchon landing and counterattack against the
North Korean Army. The effectiveness of this
operation contributed directly to the Truman
Administration’s decision to escalate its com-
mitment and seek to unify Korea through com-
plete military occupation.® Such changes in the
ground rules for force employment make many
prior calculations and planning assumptions
irrelevant.

Similarly variable responses in national
commitment may be precipitated by policy
decisions short of actual conflict. A familiar
argument is that noncommittal declaratory
policies which permit modest, pragmatic re-
sponses to “enemy” initiatives only encourage
him to engage in incremental aggression. Only
firm policies, the argument goes, will dis-
courage an aggressor from nibbling away at
the position of the U.S. or an ally until he
obtains a significant advantage. On the other
hand, there are examples of reactions to hard
policies that are quite different. U.S. policies
toward Japan prior to Pearl Harbor have been
interpreted as so frustrating to programs the
Japanese government regarded as vital to its
national interest that they in fact helped pre-
cipitate Tokyo's decision for war.’® The point
is that the motivations of other governments
and the compelling political interests of the
future frequently are not predictable.

To compensate for these kinds of variables
in political-military behavior, contemplated
national courses of action must be analyzed
carefully in terms of costs and risks. The jcs,
in particular, should contribute to this proc-
ess. The first step in their contribution would
be a direct spin-off from a properly conducted
effort to define objectives operationally. In the
iterative process of determining realistic objec-
tive enemy behavior patterns, the jcs should
identify several possible actions an enemy
might take that would be different from those
desired by the United States. They should
then make explicit a number of formulations,
like “If the enemy does the following . . . then
we must take the following next steps or
choose among the following remaining options
. .., provided we continue to pursue our
basic objectives. In actual practice, a similar
process would be used to refine and recast the
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objectives under consideration—before final
acceptance. But even after objectives are op-
erationalized and accepted, this basic step in
the calculation of risks and costs should be
regularly taken as a foundation for subsequent
analysis.

Cost and risk analysis should also include
work in the following kinds of questions:
What different kinds of military actions or
military support activities can the United
States still take, in view of other commitments
and interests? At what levels of national com-
mitment could these be sustained? What kinds
of additional military commitment is the U.S.
public likely to support? Is the enemy vulner-
able to these kinds of military or political-
military pressures? What “next steps” does he
have available to him? In the event of predict-
able kinds of domestic and international oppo-
sition, how can these pressures be sustained
together with other vital programs? Do our
contemplated next steps offer the enemy a
palatable out? What political costs (to him)
attend the avenues of retreat left open to him?
What factors constrain his commitment or
those of his allies? Are these constraints sus-
ceptible to reduction or to intensification as
a result of contemplated U.S. actions? If the
policy confrontation continues or escalates, are
events likely to provide enticing opportunities
for exploitation by great powers for their
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FORECASTING THE
PROGRESS OF
TECHNOLOGY

Major JosepH P. MARTINO

HE VERY nature of the Air Force is

I strongly influenced by technology. Not
only the equipment it uses but also its
organization, the skills needed by its members,

and the physical facilities it must have depend
upon available technology. Likewise, the Air

Force of the future will be influenced strongly
by the technology available then. Actions
which affect the Air Force of the future, in-
cluding the recruiting of personnel, the train-
ing givenmew personnel, and decisions about
new construction, must take into account fu-
ture technological developments. How can the
planner determine what the technology of the
future will be like, so that he can take account
of it in his plans and decisions? This involves
an art and science known as “technological
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forecasting.” Just what is technological fore-
casting? And how is it done?

In a sense, technological forecasting has
been going on for centuries. Flying machines,
long-distance communications, sound-record-
ing apparatus, and so on have been discussed
speculatively by many thinkers. Bacon and
Da Vinci are only two of the great names
associated with speculation of this kind. Since
the beginning of the Industrial Revolution,
writers of fiction have frequently made fore-
casts of advanced technology, as a vehicle for
the story they wanted to write. In what way,
then, does modern technological forecasting
differ from such speculation?

Ralph Lenz, one of the pioneers of tech-
nological forecasting within the Air Force, has
described it as follows:

Technological forecasting may be defined
as the prediction of the invention, character-
istics, dimensions, or performance of a ma-
chine serving some useful purpose. . . . The
qualities sought for the methods of prediction
are explicitness, quantitative expression, re-
producibility of results, and derivation on a
logical basis.

The differences between technological
forecasting and speculation, then, lie primarily
in the attempts of the forecaster to achieve
precision in the description of the useful ma-
chine whose characteristics he is forecasting
and in his attempts to place the forecast on
a sound scientific foundation through the use
of logical and explicit methods. A well-done
forecast will state the predicted characteristics
of the machine being forecast and make clear
the means by which the forecast was arrived
at.

However, the forecast of a future inven-
tion must be distinguished from the act of
invention itself. A forecast may predict levels
of performance that are well beyond the cur-
rent state of the art; it may even predict levels
of performance that exceed the theoretical or
physical limits of currently used devices or
machines. The forecast will not specify how
these limitations are to be overcome; it will
state only that by a certain time in the future
the limitations will have been overcome by
means as yet unknown, possibly including the

invention of a new device not subject to the
limitations of current devices. In short, a fore-
cast predicts that an invention will have been
made but does not do the inventing.

How is it possible to forecast the detailed
characteristics of future machines, especially
when these machines may rely on inventions
and discoveries not yet made? A wide variety
of methods is in use for making these fore-
casts, five of which will be described. These
are intuitive forecasts, consensus methods,
analogy, trend extrapolation, and structural
models.

intuitive forecasts

Intuitive forecasting is almost certainly
the most widely used method. It is the kind
of forecast obtained by “asking an expert.” The
assumption behind the use of this method is
that the expert in some field of technology ha
a broad background of knowledge and expe-
rience upon which he can draw to forecast
where his field is going. However, the record
shows that the experts have been far from
infallible. Arthur C. Clarke, in Profiles of the
Future, describes some famous negative pre-
dictions, made by unquestioned authorities
who were forecasting in their fields of expertise
and who turned out to be one hundred per-
cent wrong. Perhaps the most striking exampl
is the forecast implicit in the statement made
by the British Astronomer Royal in 1956, thall
“space travel is utter bilge.” The Library o
Congress has compiled a very extensive lis
of expert predictions, entitled “Erroneous Pr.
dictions and Negative Comments Concerning
Exploration, Territorial Expansion, Scientific
and Technological Development.” As the title
implies, this survey includes not only state
ments about the feasibility of certain techno
logical advances but also statements about th
economic value of geographic and scientifi
exploration. Every one of the predictions i
this survey was made by a distinguished a
thority who should have been well inform
in the field in which he made his predictio
and every one of them was proven wrong, the
proof often coming not long after the ink ws
dry on the page of the forecast.
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What is the lesson to be drawn from this?
That experts are always wrong, and therefore
intuitive forecasts are worthless? Not at all.
In the first place, there are many examples of
the experts’ being right. These examples just
don’t make as exciting reading as errors do.
Second. the fact that people still do consult
experts in preference to people who know
nothing about a subject indicates that an ex-
pert is more likely to be right than is a non-
expert. Putting it another way, even though
an expert may be wrong, his intuitive forecast
may still be the best forecast available. This,
in fact, is the nub of the problem. The real
trouble with intuitive forecasting, according
to Lenz, is that it is “impossible to teach,
expensive to learn, and excludes any process
of review.” The real goal is not to get rid of
the experts but to devise methods which are
teachable and which are less intuitive and
more explicit, so that it becomes possible to
have a forecast checked by several people, just
as any engineering design or calculation can

be checked.

consensus methods

One of the simplest methods for over-
coming some of the disadvantages of intuitive
forecasts is the use of a panel of experts. The
notion behind this is that the interaction be-
tween several experts is more likely to ensure
consideration of aspects which any single in-
dividual might overlook. More of the factors
bearing on a situation are likely to be con-
sidered, and there is a better chance that a
hidden bias of one panel member will be offset
by a contrary bias in another member. The
forecast may be prepared by a panel meeting
face to face, or it may be prepared by a panel
which never meets but interacts in other ways.

Probably the most common type of con-
sensus forecast is that prepared by a panel
which meets together. This method has proven
successful in the past. The U.S. federal govern-
ment, especially the Department of Defense,
bas made extensive use of this method. One
of the largest groups ever assembled for this
purpose was the Air Force’s Project Forecast,
Which had representatives from 30 Depart-

ment of Defense organizations, 10 non-DOD
federal organizations, 26 universities, 70 indus-
trial corporations, and 10 not-for-profit corpo-
rations. These people were organized into 12
technology panels and 5 capability panels.
They met during a six-month period in 1963
and produced a 14-volume report on the tech-
nology required to meet the defense needs of
the 1970s.

Despite the widespread use and apparent
success of face-to-face panels, they do have
a number of disadvantages, all stemming from
the well-known problems of committee action.
A dominant personality may unduly influence
the results. Fatigue of the group as a whole
may result in a false consensus. There may be
an unwillingness on the part of members to
abandon a publicly expressed opinion, even
after hearing contrary arguments. And there
is the opposite possibility of producing a
watered-down least common denominator out
of a desire to avoid offending anyone.

In an attempt to overcome these difficul-
ties, researchers at the raxp Corporation de-
vised the “Delphi Procedure,” which makes
use of a panel of experts to arrive at a con-
sensus but avoids the drawbacks of committee
action by using a series of questionnaires in-
stead of having the committee members meet
face to face. In the first questionnaire, they
are asked to make their forecasts on the topic
of interest. The replies are compiled as a com-
posite forecast, which shows the extent of the
differences of opinion among the members of
the panel but preserves the anonymity of the
panelists and their opinions. In the second
questionnaire, the panelists are asked to com-
ment on the composite forecast and give rea-
sons why they disagree with the composite
result, if they do disagree. In the third and
subsequent questionnaires, the panelists are
presented with the current composite forecast
as well as a summary of the reasons the panel-
ists gave for changing it (i.e., arguments as
to why an event would take place earlier or
later than the majority of the panel thinks it
will).

In each succeeding round of question-
naires, the panelists are expected to consider
the arguments of the other panelists and either
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defend their positions with counterarguments
or change their positions to agree with the
majority. The anonymity of the procedure
makes it easier for the panelists to consider
arguments on their merits, without being in-
fluenced by their personal opinions of the
panelists who originated the argument. In ad-
dition, panelists find it easier to abandon their
earlier positions without losing face, if they
become convinced that their earlier positions
were in error. In practice, four or five rounds
of questionnaires are sufficient for the panelists
to converge on an agreed prediction. Figure
1 shows the behavior of one experimental
Delphi panel on a single question: the esti-
mated date of an anticipated event. The three
panelists in the middle retained their original
opinion. The two “early” and two “late” panel-
ists revised their initial opinions to converge
toward the middle. One member, holding an
extreme position, neither influenced the re-
mainder of the panel nor was influenced by
it. This result is typical of panel behavior in
a Delphi sequence. Some experiments at RAND
indicate that the Delphi Procedure does im-
prove the accuracy of group forecasts, but the
method is too new to have received extensive
validation. It does offer considerable promise

Figure 1. Converging esti-
mates of the date of an event
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and undoubtedly will be more widely used in
the future. One of the biggest Delphi panels
ever formed was used by the corporate plan-
ning office of TrRw, Inc., to obtain a techno-
logical forecast in the areas of technology of
most concern to the company.

The consensus methods go a long way
toward overcoming some of the objections to
intuitive forecasting. Because of the inter-
action between the panelists, arguments for
and against specific predictions tend to be
made explicit, and it is possible for an outsider
to review the proceedings of the panel after
the forecast is complete, to see what factors
the panel considered and how it arrived at its
conclusions. However, there is still a large sub-
jective element in forecasts obtained by con-
sensus methods. Other methods of forecasting
make a deliberate attempt to reduce this sub-
jectivity.

forecasting by analogy

This method attempts to find analogies
between the thing to be forecast and some
historical event or well-known physical or
biological process. To the extent that the anal-
ogy is a valid one, the original event or
process can be used to make a prediction
about the future development of some area
of technology.

The use of historical analogy is actually
quite common in everyday life. Expressions
such as “We tried something like that once
before and here’s what happened” are cer-
tainly well known to everyone. The major
difference between the ordinary use of his-
torical analogy and its use in technological
forecasting is that the technological forecaster
uses it consciously and deliberately, examining
the “model” situation and the situation to be
forecast in considerable detail to determine
the extent to which the analogy between them
is valid. The introduction and spread of an
earlier technological innovation, the social im-
pact of some previous invention, the delay
between the introduction of some specific tech-
nology in one social situation and its introduc-
tion in some other and different situation, th
delay between the adoption of a specific tec
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‘nology in a certain industry and the adoption
of a successor technology in the same industry
—all are illustrations of historical situations
that can be used as models for predicting the
future progress of some technology under
study. Even though history never repeats itself
exactly, the use of historical analogies can give
considerable insight into the likely course of
development of some technology of current
interest. An example of an extensive use of this
approach is the book, The Railroads and the
Space Program: An Exploration in Historical
Analogy (Bruce Mazlish, ed.). As the title
indicates, the contributors to this volume at-
tempted to find similarities between the U.S.
space program and the development of the
railroads in the nineteenth century and to use
these similarities to make predictions about
the space program.

Another tvpe of forecast by analogy, much
less common in everyday life but in fairly wide
use by technological forecasters. is the analogy
with physical or biological processes. An espe-
cially common approach is the use of growth
curves to predict the advance of some tech-
nology. Both individuals and populations of
many living species have growth curves that
follow an S shape. It has been observed that
many technological devices follow this same
pattern—a slow start, then a rapid rise, fol-
lowed by a leveling off and obsolescence.
Figure 2 shows clear-cut examples of this pat-
tern in the field of illumination technology.
Here two specific classes of devices illustrate
this growth pattern. There are actually good
reasons for the similarity between growth in
performance of a technological device and the
growth of an individual or population. In
both, growth tends to be the cumulative result
of a large number of separate accretions or
advances, and there are often considerable
difficulties to be overcome at the outset, caus-
ing the growth to be slow. Once these diffi-
culties are overcome, the stage is set for rapid
growth, until some limit is encountered. Bio-
logically. this limit is usually environmental,
such as a fixed food supply. Similarly in tech-

ology, the limit is usually “environmental”
in the sense that it is extrinsic to the tech-
ology-generation process. It frequently comes
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Figure 2. S-shaped growth
curves of lighting devices

from some natural limit on the performance
of some specific class of device. Since tech-
nologies do tend to follow the S-shaped growth
curve, it appears natural to try to forecast
technological progress by using this method.
It is especially applicable to technologies
where there is some known upper limit to
the possible performance, such as the speed
of light or the achievement of 100 percent
efficiency.

The major strength of this method is that
it eliminates much of the subjectivity of either
intuitive or consensus methods of forecasting.
Its major weakness, however, is that the exact
extent of the analogy between the model and
the thing to be forecast is often not evident
until too late to do any good. For instance, the
plot of performance versus time for some
device often gives no advance warning that
the curve is going to change from slow start
to rapid growth or pass through the inflection
point and slow down. The points at which
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these changes occurred can often be recog-
nized only in retrospect. Thus, useful as this
method is, it does not completely satisfy the
needs of the technological forecaster. There
is still a need for methods which, like the use
of analogies, eliminate the subjectivity of ex-
pert opinion but which make better use of
past data to develop predictions of when
higher levels of performance will be reached.

trend extrapolation

Trend extrapolation is one way of getting
around the problem of predicting when the
S-curve is going to change direction. Instead of
concentrating on a single device and attempt-
ing to predict the future course of develop-
ment of that device, the trend extrapolation
method considers a series of successive de-
vices which performed similar functions. These
can be considered individual representatives
of a broad area of technology. It is then neces-
sary to find a single performance character-
istic of these devices that can be expressed
numerically. The forecast is made by plotting
the performance of each device against the
year in which it was achieved. If a trend is
apparent, this trend is projected and becomes
the forecast. An example is shown in Figure 3,
which considers the same area of technology
as Figure 2, that is, illumination technology.
Instead of plotting the course of development
of a single device, however, each successively
developed device becomes a single point on
the curve. Note that even though not all the
devices shown in the figure are electrical in
nature, the energy consumption of each of
them can be converted into watt-equivalents,
so that a uniform ordinate, efficiency in lumens
per watt, can be used for all the devices.
While several points could be plotted for each
device, there is usually no value in doing so.
Successive devices usually have major differ-
ences in performance, on the order of 100
percent or more, while improvements to a
single device usually are on the order of a
few percent. If the curve were drawn in detail,
with several points for each device, and if an
accurate representation were made of the
plateaus usually reached by specific devices,
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Figure 3. Trend in improve-
ment of illumination devices

the curve would actually be in stairsteps. The
straight line shown is the envelope of the true
curve. Hence this method of forecasting is
sometimes referred to as the use of “envelope
curves.”

Use of trend extrapolation in this way
avoids the problem of making detailed pre-
dictions about the development of specific
devices. On the other hand it provides less
information about the actual devices that will
make it possible to achieve the predicted per-
formance. The curve says only that the per-
formance will be attained. It does not say
anything about whether existing devices can
be improved to attain that performance or
whether a new device will be invented.

There is a useful variant of the straight-
forward form of trend extrapolation, known
as the precursor method. It involves finding a
relationship between two areas of technology
with one leading the other by a predictable
interval. An example is shown in Figure 4,
which compares the top speeds of U.S. combat
aircraft with those of U.S. transport aircraft.
As the trend lines indicate, combat aircraft
appear to be leading transport aircraft by a
slowly widening gap. On the assumption that
these trends will continue, such a graph could
be used to predict the future speed of trans-
port aircraft, based on already-achieved speeds
of combat aircraft. The credibility of this type
of forecast is higher than that of a straight
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‘forward trend extrapolation, especially where
‘there is some logical connection between the
two trends. Such a connection is plausible
in the case of combat and transport aircraft.
However, in some apparently correlated
trends, there may be no logical connection
whatsoever between the two technologies.
Hence the method must be used with care.
In any case, the method cannot be used for
making projections farther ahead than the lag
times between the two technology areas.

To digress a little, the data shown in
Figure 4 can also be considered as two exam-
ples of straightforward trend projection. As
such, they contain some interesting features.
The highest-speed bomber point on the graph
represents the SR-71, which was developed
in secret by Lockheed for the Air Force. The
date shown for it is the date its existence was
publicly announced, and the speed shown is
its publicly announced speed. Since it was
probably operational before its existence was
announced. the point should probably be
moved to the left. Also its actual top speed
probably exceeds that publicly announced and
the point should be moved higher. Applying
either or both of these “correction factors”

Figure 4. Speed trends of
combat and transport aircraft

would move the point closer to the trend line
for combat aircraft. The lesson here is that
even secret technological advances tend to
follow the same trends as preceding nonsecret
advances.

Now consider the points representing
transport aircraft. As they show, there has
been essentially no increase in top speeds for
new transports throughout the 1960s. This
resulted from the following factors: operation
at speeds just below mach 1.0 produces diffi-
culties associated with the onset of compressi-
bility and formation of shock waves; operation
just above mach 1.0 is highly uneconomic
because of high drag penalties; the technology
needed to operate in the efficient but high-
temperature, high-supersonic regime was not
vet available in transport aircraft. As a result,
several successive transport designs continued
to have top speeds in the neighborhood of 550
knots. If the graph showed all the civilian
transports introduced in the 1960s, the impact
of these factors would appear even more
clearly. However, the highest transport point
shown (actually a prediction, since it has not
been achieved yet) is for the supersonic trans-
port (ssT). Once the technology became avail-
able to permit operation at speeds near mach
3.0, where operation is much more efficient
than at speeds just above mach 1.0, transport
design reverted to the trend line followed by
most preceding transports. The factors that
dominate transport design were temporarily
stymied by the difficulties of transonic opera-
tion, but once this barrier was hurdled they
again exerted their control.

Trend extrapolation, whether of the
straightforward variety or the precursor meth-
od, is at once the simplest and most sophisti-
cated method of technological forecasting
currently available. In concept it is quite sim-
ple. It involves only the plotting of some quan-
titative characteristic of the technology against
time and extrapolating any observable trend.
But sophistication can enter this process quite
rapidly, one of the first possible sources being
the choice of the characteristic to be plotted.
In the case of aircraft, for instance, speed is
a fairly obvious characteristicc. However, for
transport aircraft, productivity, measured in
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tons payload X miles-per-hour cruising speed,
is somewhat less obvious but is more directly
related to their real function than is top speed.
(Such a plot, incidentally, would show that
throughout the 1960s the productivity of suc-
cessive new models of transport aircraft grew
steadily, even though the top speed remained
relatively static.) In any event, considerable
sophistication may be involved in choosing a
characteristic that not only truly represents the
ability of devices to function as expected but
also can be applied to successive devices that
may operate on different principles while per-
forming the same function. Likewise, choosing
the scale on which to plot the characteristic is
not always simple. Probably a logarithmic scale
is most frequently used. Others such as cumu-
lative normal distribution, cumulative log-
normal distribution, etc., may be used. The
usual purpose in choosing a scale is to allow
the trend, it any, to show as a straight line.
For instance, if the growth of the characteristic
being plotted is expected to be exponential,
plotting on a logarithmic scale will produce a
straight line. If the scale is poorly chosen, the
trend may be nonlinear and therefore hard to
project. Finally, even with a characteristic and
a scale caretully chosen, the points do not
usually lie on a smooth curve. Drawing a
trend line may involve nothing more than an
“eyeball” fit with a straightedge, or it may in-
volve sophisticated mathematical curve-fitting
techniques. Thus while trend extrapolation is
simple in principle, it can rapidly become so-
phisticated in use.

However, whether the extrapolation meth-
od is used in its conceptual simplicity or
involves some sophisticated mathematical
techniques, it is based on an important under-
lying assumption: that the conditions which
prevailed in the past and were responsible for
the well-behaved trend observed in the data
will continue unchanged into the future, at
least as far as the time of the desired predic-
tion. No amount of mathematical sophistica-
tion in treatment of the data can make up for
the breakdown of this assumption. In many
cases, though, the exact nature of the condi-
tions responsible for a trend is not even known,
let alone whether they will remain constant.

But suppose it is known that some relevant
conditions are going to change. Then it may
no longer be possible to make a prediction by
extrapolating past trends. For instance, sup-
pose a majority of the public decided it simply
would not tolerate the operation of an sst over
inhabited land areas. Under these changed
conditions, a straightforward projection of the
past trend in transport aircraft speed would
not be justified. Or suppose the government
or a major corporation makes a policy decision
to accelerate the growth of some technology
by deliberately changing some relevant con-
dition, such as level of resources applied—as,
for instance, the federal government did to
rocket technology with the decision to put a
man on the moon. Trend extrapolation gives
little or no hope of providing accurate fore-
casts of the progress of the accelerated tech-
nology. Not only that, it gives no guidance
as to which conditions should be altered, to
achieve a desired rate of progress. In short,
if a change in the relevant conditions is big
enough, whether it is forecast but not under
anyone’s control or is deliberately introduced
by someone, extrapolating past trends is of
little value as a means of forecasting.

structural models

The structural model represents an at-
tempt to develop a mathematical or analytical
model of the technology-generation process.
As with mathematical models of any process,
the purpose of constructing a model of the
technology-generation process is to single out
certain elements as being relevant to the
process, make explicit some of the functional
relationships among these elements, and ex-
press these functional relationships in mathe-
matical form. A characteristic feature of such
models is that they tend to be abstractions;
certain elements are omitted because they are
judged to be irrelevant, and the resulting
simplification in the description of the situa-
tion is intended to be helpful in analyzing and
understanding it.

Figure 5 shows an example of a model of
the technology-generation process in block dia-
gram form. This represents an attempt to
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Figure 5. Structural model of the technology-generation process

model the flow of knowledge, from discovery
through engineering into technology. In prin-
ciple, a mathematical relationship would
specify the rate at which new knowledge is
produced, based on the number of scientists
at work and the tvpe and extent of scientific
research facilities available to those scientists.
Similarly, a mathematical relationship would
specify the rate of progress of some parameter
of technology (such as lumens per watt, used
in Figures 2 and 3), based on the rate of pro-
duction of new knowledge and the engineers
and facilities available to exploit the new
knowledge.

Each of the blocks, of course, conceals a
submodel. For instance, the number of scien-
tists available to work in a specific field is not
a static figure. It is increased by migrations
from other fields and by new graduates from
colleges. It is decreased by deaths, emigra-
tions, and diversions of scientists to teaching.
Diversion to teaching, while it may lead to a
hort-term reduction in the numbers of scien-
tists working full-time in some field. is essen-
tial if the number of new graduates is to be
increased. So the number of scientists avail-

ble, over time. is a result of the interaction
f several complex phenomena, some of which
re subject to manipulation as a result of
olicy choices. Furthermore. the blocks are
ot independent of each other. An increase

the amount of scientific research facilities

available can be accomplished only by divert-
ing engineers from the exploitation of new
knowledge to the design and construction of
new facilities. These submodels and their in-
teractions are typical of what is involved in
constructing a model of the technology-gen-
eration process and of finding mathematical
expressions for the relationships among the
elements of the model.

What is the current state of the art in con-
structing structural models of the technology-
generation process? Unfortunately, existing
models are both quantitatively and qualita-
tively deficient. In the model of Figure 5, for
instance, we simply do not know enough to
specify the mathematical relationship between
number of scientists at work in a field, the
amount of research facilities available to them,
and the rate of production of new knowledge.
It is clear that the rate of production of new
knowledge increases with an increase in the
number of scientists working in a particular
field. However, the relationship is not a sim-
ple one, and in particular it is not linear.
Simply because of communication problems,
the average rate of discovery per scientist falls
off as the number of scientists in a field in-
creases. Because of these and many other
problems, today it is not possible to make
quantitative statements about the relation-
ships shown in the model. At best, then, such
models can only be qualitative.
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However, here again the lack of knowl-
edge is a hindrance. The model shown, for
instance, implies that technology is produced
out of knowledge generated through scientific
research. But we know this is not the full story,
either. Many instances of new technology
arise out of sheer empiricism, with science
later providing explanation and understand-
ing. Thermodynamics, which followed rather
than preceded the steam engine, is only one
example. Not enough is known about the em-
pirical foundations of technology to allow us
to construct a model of the technology-genera-
tion process that is even qualitatively correct.

Despite the deficiencies of the current
models, constructing models is one of the most
promising lines of development in improving
our capability to do technological forecasting.
First of all, it is clear that qualitatively and
quantitatively correct models of the technol-
ogy-generation process will allow us to go
beyond any of the other currently used
techniques. Second, the research needed to
develop the knowledge to improve current
models is fairly well defined and is being
actively pursued at a number of centers.
Hence it is fairly safe to predict that within
a few years rudimentary models will be avail-
able that will allow us to make quantitative
predictions of the impact on technological
growth of changes in allocation of resources,
construction of new facilities, etc. Instead of
being forced to assume that conditions will
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Figure 1, J. P. Martino, ‘“An Experiment with the Delphi
Procedure for Long-Range Forecasting,” Air Force Office of

remain unchanged, we will be able to deter-
mine the effect of deliberate changes in
conditions.

WitHiN the past decade or so, technological
forecasting has progressed from something re-
sembling a black art to the point where it is
beginning to look like a science. It will prob-
ably never approach being an exact science,
since it deals with predicting what human
beings will do, and they are a notoriously
unpredictable lot. However, it has already
reached the point where we can identify
meaningful measures of technological progress
and use them to predict further progress, pro-
vided that the conditions which existed in the
past remain unchanged. Under some circum-
stances, we can even make qualitative predic-
tions about the impact of policy decisions on
technological progress. In the reasonably near
future we can expect to be able to make
quantitative predictions about technological
progress, given information about the factors
which determine that progress. We should
even be able to make deliberate plans to
achieve specified rates of progress and know
what it will cost in men and resources to
achieve those rates. When that day arrives,
technological forecasting will be used as regu-
larly in making business and political decisions
as economic forecasting is now.

Holloman AFB, New Mexico

Scientific Research Report AFOSR 67-0175.

Figures 2, 3, and 4 (data only), “Report on Technological
Forecasting,” Interservice Ad Hoc Committee, published by the
Office of the Chief of Research and Development, U.S. Army.



LET'S STOP USING LABOR
AS A FREE GOOD

Major HERMAN L. GILSTER

Military problems are, in one important aspect, economic
problems in the efficient allocation and use of resources.

Hitch and McKean, The Economics of
Defense in the Nuclear Age

usaF Academy, with representatives from the
Directorate of Materiel, Strategic Air Command,
and the Boeing Company, completed an extensive study
in the B-52 maintenance field. As a result of this analysis,
new light has been cast on the problem of efficiently
maintaining military aircraft.
A major finding of this study was that a more effi-
cient allocation of maintenance resources in military units
is needed. Our extensive use of labor as a free economic

I i]ARLY IN 1968 a member of the faculty at the
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good does not conform with good business
practices. A free economic good is defined as
a good that has been purchased, is sitting on
the shelf, and has no alternative use. Mainte-
nance labor, however, is now a scarce item
and has excellent alternatives outside the mili-
tary sector. Therefore, it cannot be used in-
discriminately to accomplish any objective.
Labor is expensive—more expensive than we
would like to believe. For this reason the time
has arrived for a re-evaluation of our basic
maintenance philosophy.

The findings discussed in this article are
predicated on data provided by the Boeing
Company on the entire B-52 fleet during the
sample period from August 1965 to August
1966. Air Force Manual 66-1 failure and man-
hour data were subjected to an intensive
sorting, purging, and merging program, to
eliminate all but true failure data. These data
were then mated with Air Force Technical
Order Form 16 operational data on a monthly
basis by aircraft serial number to provide 6326
aircraft-month observations. These 6326 ob-
servations contained data on approximately
35,000 stateside B-52 flights for a total of
343.000 flving hours, 1,320,000 malfunctions,
and 3,720,000 man-hours required to repair
these malfunctions.

During the sample year the Strategic Air
Command experienced dramatic changes in
its maintenance force levels—in total man-
hour and skill availability. (Figure 1) The
graphs reflect the number of mechanics avail-
able per sortie at each of five time periods.
Only personnel in the organizational, field,
and armaments and electronics maintenance
squadrons actually involved in aircraft repair
are included; administrative and other support
personnel were excluded from the totals.

The top graph shows that total man-hour
availability per sortie dropped by 19 percent
during the period. The bottom graphs display
the changes in man-hour availability by skill
level (codes 5, 7, 3, and 9). As can be seen,
the skill composition of the force experienced
a considerable change. The main differences
are reflected in the higher proportion of 3-level
and lower proportion of 5-level mechanics in
the force at the end of the period. Actually,
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Figure 1. Available mechanics by
skill level, August 1965—August 1966

these changes are based on the entire force
and may be somewhat conservative if only the
stateside force is considered, given the fact
that some of our more highly skilled mechanics
were sent to Southeast Asia during this period.

One of the most important trends depicted
by Figure 1 is the large exodus of 5-level
mechanics, the personnel who perform the
majority of the direct labor on the aircraft.
They are predominantly first-termers who ob-
viously have found a good alternative occupa-
tion outside the military service. The para-
mount question now becomes, “What is all this
costing us?” What is the true cost of retaining
and utilizing labor in the Air Force?
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The True Cost
of Labor

There are no satisfactory estimates of
what an hour of direct labor on the aircraft
costs the Air Force. Planning figures provided
by military publications, such as Department
of Defense letter. “Budgeting and Accounting
for the Cost of Military Personnel Services for
Fy 1967.” clearly underestimate the true cost.
For example, the annual rates established for
the two grades that perform most of the direct
labor on the aircraft are:

sergeant $5668

staff sergeant $7087
Deflating these rates by the planning figure of
1680 annual productive man-hours established
by Air Force Manual 400-12 gives the follow-
ing hourly costs:

sergeant $3.38
staff sergeant $4.22
average $3.80

It should be emphasized that this is not the
hourly wage that accrues to the mechanic; it
is an estimate of what an hour of direct labor
on the aircraft costs the Air Force. Even so,
it is too low and as such does not reflect the
true cost of retaining and utilizing mechanics
in the service.

For this reason the economist’'s concept
of “opportunity” or “alternative” cost might
provide a more accurate measure of the real
value of a man-hour of labor. The economist
and the accountant view costs in a somewhat
different light. To the accountant, the residual
that remains after all the factors of production
have been paid is defined as the firm's profit.
To the economist, part of this profit is viewed
as a cost. If the entrepreneur has contributed
his own talent to the firm, he must be remu-
nerated for this contribution at the prevailing
market rate; otherwise, it would benefit him
to invest his talent in an alternative line of
endeavor. The price paid the entrepreneur
to retain his services must be at least as high
as he could obtain in his best alternative. This
price is defined as the entrepreneur’s oppor-
tunity cost of remaining with the firm. It is a
true cost of operation and must be subtracted
from the accountant’s profit to determine the

economist’s true or economic profit of the firm.

The true or opportunity cost of an Air
Force mechanic can be derived in much the
same manner. It is the price he could com-
mand in his best alternative line of endeavor.
For an Air Force mechanic the alternative
would undoubtedly be employment with a
commercial airline. To determine the true cost
of a man-hour of maintenance, then, we can
use the wage scale currently in effect for air-
line mechanics.

A check with the major airlines revealed
that a mechanic can expect to earn, on the
average, $4.66 an hour in pay and fringe bene-
fits within two years after leaving the service.
This is probably the figure upon which he
bases his decision to leave. If this wage is not
paid, either explicitly, or implicitly through
some factor such as esprit de corps, the me-
chanic will leave the service for his best alter-
native. The graphs of Figure 1 show that this
is exactly what has been happening. The air-
line wage can therefore be considered the true
cost of retaining mechanics in the Air Force.

Based on this figure, the mean man-hour
cost per sortie for the sample described above
was $498. This means that it cost the Strategic
Air Command approximately $20 million in
maintenance repair man-hours to generate the
40,046 B-52 sorties flown between August 1965
and August 1966. Maintenance labor is indeed
an expensive item.

Use of Labor
as a Free Good

The belief that the Air Force needs a basic
change in maintenance philosophy is based on
the following findings:

(1) Approximately 20 percent of the total
maintenance actions taken on military aircraft
result from inadequate diagnosis and repair
of previous system failures.

(2) Effective maintenance can be predi-
cated more on the skill of the mechanic than
on the number of man-hours expended on the
repair of failures. As the skill composition of
the force declines, the failure rate increases.

(3) Man-hour behavior must adjust to the
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contingencies of the situation; i.e., labor is
treated as a free good.

Take point number three first. Dramatic
evidence of this phenomenon can be obtained
by expressing the number of malfunctions per
sortie and the number of man-hours expended
per malfunction as a function of aircraft age.
Regression equations estimated from the sam-
ple data described earlier are plotted in Figure
2. These estimates are based on 6326 aircraft-
month observations and are statistically signifi-
cant beyond the 99 percent level of confidence.
Calendar age provided a more powerful rela-
tionship with the maintenance criterion vari-
ables than did accumulated flying time on the
aircraft, so calendar age was used throughout
the analysis. The age of the aircraft is based
on the date of delivery to the Air Force.

It can be seen that the traditional U-
shaped failure curve has been statistically veri-
fied. The failure rate declines until an aircraft
is 4.5 years old and then begins to increase at

Figure 2. Effects of aircraft age on
malfunction and man-hour behavior
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a faster rate. What is particularly interesting,
however, is the inverse U-shaped relationship
between man-hours per malfunction and air-
craft age. The severity of malfunctions is cer-
tainly not inversely related to the number of
malfunctions in this manner. The reason for
the inverse relationship is that manning au-
thorizations are predicated on the number of
aircraft a unit possesses and not on the age
of the aircraft. A given labor force must adjust
to the workload regardless of whether it is
light or heavy. To put it simply, labor is
treated as a free good.

The net result of this policy is that per-
sonnel in units with heavier workloads must
work much more rapidly than personnel in
units where the workloads are lighter. One
likely reason for this is that the former's work-
day extends into overtime hours for which no
compensation is paid. Such practices could
give the mechanic additional justification for
leaving the service for the more lucrative wage
paid by the commercial airlines. Retention
rates of 17 Strategic Air Command wings by
maintenance squadron during the sample pe-
riod strongly suggest that this indeed was the
case. The regression equations for retention
rates of first-termers as a function of workloads
are plotted in Figure 3. Those units with
heavier workloads did have lower retention
rates.

With this departure, points (1) and (2)
come into play and accentuate the problem.
As newer, unskilled mechanics are substituted
for the departing skilled mechanics, the total
workload again increases due to ineffective
diagnosis and repair of previous failures. We
soon find ourselves in a vicious, expensive
spiral. At the same time the cost of labor is
rising, its productivity is declining.

Proposals for a More
Equitable Allocation
of Maintenance Resources

The prominent influence of age on aircraft
maintenance rates leads one to believe that a
more equitable allocation of maintenance re-
sources among SAC units is needed. Before any)
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Figure 3. Relationships between first-term
retention rates and workloads by squadron

such reallocation can be made, however, an
appropriate model for man-hour estimates is
required. Extensive research of individual
flight data revealed that there exists a causal
or recursive relationship between certain pol-
icy or explanatory variables, malfunctions, and
the number of man-hours expended in repair-
ing these malfunctions. This causal relation-
ship can be specified in the following regres-
sion model:

n
malfunctions = o, + 38,:X; + u,
1

man-hours = «. + y. (malfunctions)

n
+ EB;“X;' + U-_-
1

The s, or constant terms, reflect fixed costs plus the
mean positive influence of any variables not included in
the model. The f8°s equul the marginal influence of the
included policy variables (X’s) on malfunctions and
man-hours while y= gives the independent effect of the
number of malfunctions on man-hours. The u's are error
terms which are assumed to be randomly distributed with
a mean equal to zero.

The recursive model depicted above pro-
vides several features that are not found in
other formulations. First, the influence of
policy variables on the number of failures can
be determined. These results are of interest
Dot only to the cost analyst but also to the
reliability engineer who in the future must

take these factors into consideration in the
development of new and improved equipment.
Second, the coefficients of these same variables
in the man-hour equation, with the effect of
malfunctions held constant, indicate whether
these factors also influence the severity of
malfunctions.

To eliminate the inverse age relationship
between malfunctions and man-hours dis-
cussed previously, the age variables were not
allowed to enter into the man-hour equation.
If valid manning recommendations are to be
made, they should be predicated on the num-
ber of malfunctions experienced and the mean
time expended on these malfunctions, not on
the adjustments the labor force must make to
compensate for a shortage of personnel.

The general aircraft model is as follows:

24.263
—47.101 (age in hun-
dreds of
months)
+44.891 (age in hun-
dreds of
months)?
+1.739 (ying hours)
+2.965 (low-level
hours)

7.171

+ 1.534 (malfunc-
tions)

+ 3.976 (flying hours)

+2.159 (low-level
hours)

+ 4.483 (B-F model
dummy)

malfunctions =

man-hours =

The estimated parameters are all statis-
tically significant beyond the 99 percent level
of confidence. These estimates indicate that
there is a significant relationship between
malfunctions and aircraft age, mission dura-
tion, and the time the aircraft spends in low-
level flight. The negative coefficient on the age
variable and the positive coefficient on the
age-squared variable define the U-shaped
failure curve.

The coefficients in the man-hour equation
indicate that mission duration and low-level
time influence not only the number of mal-
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functions but also the severity of malfunctions.
The positive coefficient for the B-F model
dummy variable (1 for B-F B-52 models, 0
for G-H models) implies that more time is
spent repairing malfunctions for this model
group than for the G-H model group. This is
probably the result of a provision for faster
diagnosis and repair of failures built into the
more advanced equipment of the later models.
It is the benefit of experience and technology
which accrues to the maintenance organiza-
tion.

A marginal cost analysis based on the co-
efficients depicted above is presented in Table
1. The true cost figure of $4.66 was used to
establish man-hour costs. These estimates in-

Table 1. General aircraft cost estimates

Mean Man-Hour Cost per Sortie

dicate, for example, that if the mission length
of an aircraft is increased by one hour, we can
expect, on the average, to repair 1.739 more
malfunctions and utilize 6.644 additional man-
hours for a cost of $30.96. These linear esti-
mates should be valid within the mission range
for 4 to 12 hours. Because failure rates are
nonconstant throughout mission length, the
marginal costs would be higher for very short
missions and lower for the longer 24-hour air-
borne alerts.

The cost of an additional hour of low-
level for a given mission is $31.26. Since an
hour of low-level is also a flying hour, this
means that the total cost of a low-level hour
is approximately twice that of a high-level

$498.00

Flying Hours

Malfunctions per
flying hour
1.739

Man-hours per
flying hour

6.644

Man-hour cost
per flying hour
$30.96

Low-level Hours

Malfunctions per

Man-hours per

Man-hour cost per

low-level hour low-level hour low-level hour
2.965 6.707 $31.26
B—F Models
Man-hours Man-hour cost
per sortie per sortie
4.483 $20.89

Changes Effected by Age

Calendar age Change in malfunc-

in years tions per sortie
2-3 —2.420
34 —1.127
4-5 165
56 1.459
67 2.751
7-8 4.044
8-9 5.337
9-10 6.631
10-11 7.923
11-12 9.215

Change in man-hour
cost per sortie

Change in man-
hours per sortie

—3.712 —$17.30
—1.727 —8.06
.253 1.18
2.238 10.43
4.220 19.67
6.203 28.9
8.187 38.15
10.172 47.40
12.154 56.64
14.136 65.87
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" hour for the aircraft. The benefit of technology
on the newer G-H models is worth $20.89 per
sortie.

The changes expected to take place in the
three criterion variables as the aircraft ages
from 2 to 12 years are listed in the bottom
portion of the table. Costs decrease until the
minimum point on the age curve is reached
and then begin to increase at an accelerating
rate. Between 5 and 6 years, a year of age
costs $10.43, whereas between 9 and 10 years
it costs $47.40, an increase of almost 400
percent.

Models were also estimated in the original
study for six common aircraft systems—air-
frame, landing gear, flight controls, power
plant, pneudraulics, and fuel—and all showed
characteristics similar to the general aircraft
model presented here.

Based on this model. three reallocation
schemes are now being evaluated by the
Strategic Air Command. The purpose of these
reallocations is to have the same number of
man-hours expended per malfunction in all
sac units, a procedure which will straighten
out the bow-shaped man-hour-per-malfunction
curve at its mean. Such reallocations should
go a long way toward distributing the main-
tenance workload more equitably among our
total maintenance force.

If this is accomplished, we might expect
retention rates in units having aircraft in the
higher-failure age bracket to improve, with
little loss in other units. In fact. since it is
probably detrimental to morale to underwork
as well as overwork personnel, we may even
find an increase in retention in these units.
This, of course, depends on where the optimal
workload lies.

Reallocation of maintenance personnel.
Any reallocation of maintenance personnel be-
tween units should be done on the basis of
an aircraft system or work center, Here only
a hypothetical allocation using the general air-
craft model will be presented. The technique,
however, can be used at any organizational
level.

[ The figures below indicate the number of
additional mechanics needed at each aircraft
Beet age above the minimum defined by the

age curve. These figures were derived from the
man-hour estimates of the general model and
are based on the assumption that each unit
flies 100 sorties a month and the command
has as its long-run objective a 172-work-hour
month for its mechanics.

Mean aircraft Additional mechanics

age in years required
2 3.16
3 1.00
4 e
5 -
6 1.30
7 3.75
8 7.35
9 12.11
10 18.01
11 25.16
12 33.39
B-F models 2.60

Let us now say that we have 30 active
strategic wings possessing aircraft fleets with
mean ages from 5 to 10 years. These units
participate in identical operations; the only
significant difference between the units is the
model and age of the aircraft assigned to them.
In the case of sac, this appears to be a fairly
valid assumption.

To simplify the presentation, let us also
assume that five units each possess aircraft
fleets with mean ages of 5, 6, 7, 8, 9, and 10
years. We further assume that the 5- and 6-
year-old aircraft are G and H models.

We now desire to allocate a total main-
tenance labor force, L, among the 30 active
units. Let x equal the number that should be
allocated to the units possessing 5-year-old
aircraft. The above figures can be used to
calculate the number that should be assigned
to each unit:

Age and model Number to be
assigned
5 years, G-H models x
6 years, G-H models x+ 1.30
7 years, B-F models x+ 3.75+ 2.60
8 years, B-F models x+ 7.35+2.60
9 years, B-F models x+12.11 +2.60
10 years, B-F models  x+ 18.01 +2.60
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The following equation is then specified:

L =5x + 5(x+1.30) + 5(x+6.35)
+ 5(x+9.95) + 5(x+14.71)
+ 5(x+20.61)

Solving this equation for x gives the
number of personnel to be assigned to
each unit.

This, of course, is a simplified example of
the method that could be employed. If the
objective of a 172-hour month cannot be met
or a different number of sorties is flown, the
figures must be adjusted accordingly.

Although these figures are based only on
repair maintenance, they would probably also
serve as a good basis for allocating supervisory
and general service maintenance personnel,
especially if all units possess an approximately
equal number of aircraft. Boeing studies, for
instance, show that general support mainte-
nance runs approximately 20 percent higher
than repair maintenance on G-model aircraft.
Some adjustment, however, would probably
be necessary for the five double wings. More
than likely, these larger units experience some
economies of scale in both supervision and
general maintenance.

There are probably additional factors that
one would wish to incorporate in the allocation
formula given above. Although these factors
may complicate the calculations somewhat,
they would not invalidate the principle upon
which an equitable allocation of personnel is
based. Once the failure rate differentials are
established, an efficient allocation of personnel
becomes a relatively simple matter.

Reallocation of flying activity. Rather than
reallocate the maintenance force, we might
differentiate between the flying activity of
various SAC units. The recursive model can
again be used for this purpose. Since, however,
this model was predicated on individual flights,
some adjustments are necessary before it can
be utilized to estimate the man-hours required
to support an aggregate number of sorties. The
required computations follow:

(1) Substitute the malfunction equation
into the man-hour equation.

n -
A A A A
man-hours = a,+ v, (a1 + 28::X;)
1
na
+ ZB.:X;
1

The symbol A indicates that the estimated
values of these parameters are used.

(2) Since the original model is predicated
on an individual flight basis, all constants in
the combined equation must be multiplied by
the number of sorties to be flown.

(3) The coefficients of the status variables
—age, age-squared, and the B-F model dummy
—are also predicated on the individual flights
and must be multiplied by the number of
sorties to be flown.

(4) Since the flying hour and low-level
hour variables are linear and additive, the total
number of hours to be expended in these
activities for the given time period can be
utilized. The resulting equation is presented
below:

man-hours = [44.39

— 72.253 (age in
hundreds
of months)

+ 68.863 (age in hundreds
of months)?

+ 4.483 (B-F model
dummy)]
sorties

+ 6.644 (total flying
hours)

+ 6.707 (total low-level
hours)

The term in brackets contains the status
variables which are fixed in the short run.
Since there is little variance in the age of the
aircraft possessed by any unit, the mean age
of the unit fleet might be utilized for the age
variables with little loss in accuracy. Given the
value of these status variables, the number of
man-hours required then becomes a function
of the number of sorties, total flying hours,
and total low-level hours. When the values of
these policy variables have been determined,
the total number of repair man-hours to sup-
port the fleet can be calculated.
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If we also assume that the Boeing find-
ings on support man-hours for the G-model
aircraft hold true for the other models, the
total direct man-hour requirement may be
stated as follows:

total direct man-hours = 2.2 X repair
man-hours

‘If the total number of available man-hours
cannot support the flying schedule, some ad-
justment will be necessary to the proposed
Inumber of sorties, flving hours, or low-level
hours. The marginal contributions of each
of these variables to required man-hours are
'depicted by the coefficients in the above
equation.

One word of caution is necessary if the
above allocation scheme is adopted. Obviously
the units with older aircraft will be unable to
generate the number of sorties generated by
units with newer aircraft. If the requirement
to generate three sorties per month for each
combat crew remains in effect, this scheme
may require the reallocation of some combat
crews to units with newer aircraft. The essen-
tial difference between this allocation proposal
and the first one then becomes whether we re-
allocate aircrews or maintenance personnel.

Reallocation of aircraft. Under this pro-
posal we could allocate the total aircraft fleet
among the bases so that the mean age of each
unit's fleet is approximately the same. This
tvpe of allocation would be comparatively
simple compared to the first two proposals,
but it could have one serious drawback: any
labor cost savings derived from this scheme
must be considered in light of possible cost
increases in the inventory of spare parts. Totul
savings would be sensitive to the degree of
commonality that exists in the demand for sys-
tem spares for the various B-52 models. Addi-
tional study would be required to determine
the inventory effects of this proposal.

A further consideration is that morale may
improve as crew members and maintenance
personnel are given the opportunity to fly and
maintain the newer equipment. But against

is benefit we must weigh the increased bur-
en of maintaining proficiency in more than
one model aircraft. As can be seen, this pro-

posal has far-ranging implications that must
be studied in some detail before a definite
recommendation could be justified.

A Change in
Maintenance Philosophy

As a final suggestion, the Air Force may
find it beneficial to alter its basic maintenance
philosophy to conform more with the mainte-
nance practices of the commercial airlines.
Members of the Maintenance Engineering
Directorate of the Air Force Logistics Com-
mand report that repair maintenance in the
commercial sector is much more capital-inten-
sive than in the military sector. For example,
rather than utilizing labor time at the aircraft
to determine which component of a system is
malfunctioning, the whole bank of components
is removed and replaced immediately, so that
ground time is held to a minimum.

This procedure can have the effect of pro-
longing the minimum failure age of the air-
craft as older parts are replaced by newer ones
more frequently. As an example, studies by
Professor John R. Meyer of Harvard University
in the commercial sector have shown that the
failure rate reaches a minimum at approxi-
mately the same aircraft age, 4.5 years, as in
the military sector: however, after that point
the failure rate remains approximately con-
stant, turning upward again only after an air-
craft age of seven years has been experienced.

In addition to this advantage we might
also consider the effect of capital-intensive re-
pairs on the number of maintenance actions
taken on military aircraft. It has been shown
that approximately 20 percent of maintenance
actions result from improper diagnosis and
repair of past failures. As capital-intensive
repairs are substituted for labor-intensive re-
pairs, we might certainly expect a decline in
the number of maintenance actions that can
be accredited to ineffective past maintenance.
As capital is substituted for labor, the margin
of error will decrease. The airlines have found
the Aircraft Integrated Data System (AIDS)
useful in this respect.

True, the procedure recommended here



Air Force maintenance personnel repairing a B-52 wing flap
and others manning the maintenance control center are
typical of the expensive skilled labor now lavished on the
upkeep of military aircraft, which may call ultimately for
a major overhaul of Air Force maintenance philosophy.
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will call for an increase in the capital cost of
the maintenance operation. But the increase
in capital cost may well be overshadowed by
the savings in labor cost. There is good reason
for believing this may be true. The history of
industrialization under the competitive market
system is dominated by the substitution of
capital for increasingly expensive labor.

The commercial airlines are subject to
dictates of the market mechanism. How air-
line services are to be produced is determined
by the competition of different producers. The
method that is cheapest at any one time, be-
cause of both physical efficiency and cost
efficiency, will replace the more costly meth-
od. The efficient thrive while the inefficient
are eliminated. Competition forces the airlines

to utilize the most efficient methods, and they
have found capital-intensive maintenance to
be the least costly method of repairing aircraft.

We might also find this true in the mili-
tary sector. Military labor is expensive; it is
not a free economic good that sits on the shelf
with no alternative use. It is now a scarce item
and it has good alternatives. The true cost of
retaining and utilizing labor in the military
is higher than we would like to believe.

But this is not the whole story. Basic eco-
nomic theory tells us that as the cost of one
input increases relative to that of another or
its productivity decreases, the other relatively
cheaper or more productive input should be
substituted for it. The productivity of our
labor force has decreased relative to capital
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as skilled mechanics leave the service. This
alone gives us justification for seeking a new
optimal method for producing maintenance
services; but we have an additional reason
for seeking a new optimal—the relative cost
changes in labor and capital.

A cursory feel for these cost changes can
be obtained from only the actual pay increases
for enlisted personnel in the last few years.
Table 2 shows the increases in only base pay

Table 2. Relative cost increases for labor and capital

Airman (less than

2 years)
Total increase 27.6%
Average per year 3.5%
Compounded yearly 3.1%

Total increase
Average per ysar

Compounded yearly

and quarters allowances for four enlisted
grades from 1960 to 1968. In addition, the
change in the interest rate on long-term
Treasury bonds—the real cost of capital—is
also given for this period. As can readily be
seen, the increase in pay for the three top
grades overshadows the increase in the inter-
est rate by almost a factor of two. Even the
increase in pay for the airman, who is not
very productive during his initial two years

of service, is greater than the increase in the
cost of capital.

As a basis of comparison, earnings in the
civilian labor market have risen at a rate of
six percent per annum since 1965. Due to a
small increase in productivity, unit labor costs
have risen five percent per annum. This in-
crease is still much higher than the increase
in the cost of capital, showing why industry
is continually searching for more capital-

A1C (over
2 years)

43.5%
5.5%
4.7%

25.0%
3.1%
2.8%

intensive methods to produce goods and
services.

We therefore have not one but two rea-
sons for believing that a re-evaluation of our
maintenance philosophy—and perhaps our
whole Air Force policy for utilizing labor—
is needed. The substitution of capital for
labor might well result in considerable sav-
ings for the Air Force.

United States Air Force Academy)
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EAR the perimeter fence of a United States Air

| \-‘ Force base in England stands a church that
dates back to the Middle Ages. Although it

has been virtually unused since its congregation was cut
down by the Black Death in the fourteenth century, the
villagers still hold Rogation Day services there every
May. These many hundreds of vears the British people
in the area have managed to keep alive an old tradition.
They are truly a people who know the uses of continuity.
While the British understand its importance, the Air
Force information officer is very often oblivious to the
lack of continuity in his professional life. This element
upon which growth and progress are based is denied
to the one who must work with social organizations
that have known a long and uninterrupted development.
This is never more apparent than at the beginning

of a new assignment, for an incoming information officer
does not enjoy a sufficient period of overlap with his
predecessor. This, compounded usually with a lack of
written records, may mean that he must restart the whole
process of developing an information program for his
new unit. While the community beyond the base perim-
eter enjoys a long historical development, sometimes
reaching back hundreds of years, the information officer
is the newest baby on the block. When it comes time
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for him to be reassigned, he will be three
years old and at the height of his powers.

This dilemma is not restricted to United
States Air Force personnel alone. Some years
ago industry became aware of the problem.
In May 1961 the Opinion Research Corpora-
tion published a provocative study entitled,
“Who Are the Real Community Leaders?™
At one point the discussion focuses on the
failure of managers of large plants to estab-
lish any real sense of community involvement.
The civic leaders who were surveyed cited
the lack of continuity of management as one
of the prime reasons for the breakdown of
effective contact with adjacent communities.
The high rate of turnover at the management
level prevented top executives from bridging
the gap between plant and community.

The Air Force is affected by the turnover
problem as much as if not more than industry.
The usar situation is aggravated by the fact
that the world is its beat and that more than
50 percent of its officers do not remain for
a career. With over 200 major installations
located around the world and faced with a
constant recruiting challenge, the Air Force
has to work as hard as any government or
industry to maintain continuity.

Anthropologists and historians wax poetic
about the virtues of continuity. Remember,
they say, man’s ability to bring a culture to
its highest flower was limited so long as man
was restricted to only verbal communication.
With the advent of writing and the consequent
ability to preserve knowledge came the pos-
sibility of doubling and redoubling the life
experience of the individual. This was an
important advance, for mankind, like large
companies, governments, and armed services,
faces a high turnover each year. People die,
but others pick up their tools, philosophies,
and cultural patterns and carry on. Through
his penchant for recording information, man
strengthened his feeble hold on his world and
became a broker in ideas. Since the day he
discovered that he could illuminate tomorrow
with a book, he was freed from the task of
carryving burning coals from camp site to camp
site. A book enables a philosopher to cut down
a tyrant with a truth that was launched two

millenniums ago. Continuity makes it possible
to have Aristotle on the team.

Strange, then, that the very agency that
directs the historical function seems to be the
one least impressed with the recorded word.
Nor does it end there. It seems almost as
though the written word—except for the daily
news release—is held in disrepute.

It is not enough that the public informa-
tion practitioner be concerned with meeting
only the exigencies of the moment. To bring
an information program to maturity requires
techniques that will insure the maintenance
of continuity. Some of these techniques, which
will be touched upon in this article, are the
use of content analysis to heighten objectivity
and provide perspective, the development of
historical records to preserve important in-
fo