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This study is presented as a competent treatment of the suhject, worthy of puh-
lication. The Rand Corporation vouches for the quality of the r-search, without
necessarily endorsing the opinions and conclusions of the atthers.

o Published by The RAND Corporation
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PREFACE

In April 1967, the Office of the Assistant Secretary of Defense
(Manpower and Reserve Affairs) formed a Pilot advisory Committee to
study "Pilots as a National Resource.' The Committee consisted of the
Assistant Secretary and a representative of each of the three Services.
Staff members from Rand were invited to a:ttend the early meetings of
the Committee. The outgrowth was that the Air Force member requested
Rand to accept responsitility for examining the Air Force pilet train-
ing process. The objective of the Rand Pilot Training Study was to
develup a series of computer models for use in estimating the resources
required to produce pilot; and the costs of training them. Further,
the models were to be designed for sensitivity analyses and long~range
planning.

For the convenience of readers whose irierests may not extend to
all aspects of the pilot training process, the results »f the study

are presented in eight volumes, as follows:

Volume
1 RM~6080~FR The Pilot Training Study: Personnel Flow and the

PILOT Mocdel, by W. E. Mooz.

1I RM-608i-PR  The Pilot Training Study: A User's Guide to the
PILOT Model, by Lois Littleton.

IIT  RM~6082-PR The Pilor Training Study: Preconmissioning Train-
ing, by J. W. Cook.

1V RM~6083-PR The Pilot Training Study: A Cost-Estimating Model
for Undergraduate Pilot Training, by S. L. Allison.

V  RM-6084-P%X The Pilot Training Stuvdy: A User's Guide to the

Undergraduate Pilot Training Model, by Lois Littleton.

VI  RM-6085-PR  The Pile~ Training Study: Advanced Pilot Training,
by P. J. Kernedy.

VII RM-6086-PR The Pi.ot Training Study: A Cost-Estimating Model
for Advanced Pilot Training, by L. E. Knollmeyer.

VIII RM-6087-PR The Pilot Training Study: A User's Guide to the
Advanced Pilot Training Computer Cost Model (APT),

by H. E. Borer, Jr.
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The training of pilots for the Air Force is a process that in-
volves a number of schools and training activities. A civilian wish-
ing to become a USAF pilot must first be commissioned as an officer.

To become an officer, he must graduate from either the Air Force Acad-
emy (AFA), a college Reserve Officer Training Corps (ROTC) program, or
Officer Training 3chool (0TS). He then must go through Undergraduzte
Pilot Training (UPT), Survival School (SS) and Advanced Pilot Training
(APT), as well as some specialty courses.

The officer who becomes a pilot rarely spends his entire career
in that capacity. He typically will occupy a variety of flying and
non-flying positions. Because of this. the flow of pilots through the
training process and to and from the various positions they will occupy
is a major factor in the total training cost.

This Memorandum, Volume I of the Pilot Training Study, describes
the flow of pilels. It also describes a simulation mcdel, called the
PILOT model, tha! was developed to synthesize the pilot flow. The
PILOT model is an analytical device that may be used in the examina-
tion of the policies i1egarding pilot flows, and their consequent effect
or training rates. The model may also be used together with resource
and cost models (which are described in the companion volumes) frr the
various formal training activities. When this is done, the combined
models integrate the Individual training programs into a8 simulation of
the Air Force {ormal pilot training prociss. The models, in combirna-
tion, form an analytical mechanism whizh is driven by inputs describ-
ing pilot requirements and pilot flow policy. This mechanism produces
outputs desrribing the resources requited for the various pilot train-
ing activities and the total cost of pilot training.

The PILOT model is intended as an aid to long-range planning,
that is, a tool by which one may address broad questions concerning
pilot training in a time context of 5 to 2( years or more in the future.
It is not designed for application to day-to-day management problems
which are better treated by management analysis or accounting analysis.

The information presented in this Memorandum may be used by
planners and by others interested in the training of Air Force pilots
Also, because it provides an overall review of the entire pilet train-
ing process, it will be useful ¢s an introduction to the other volumes
of the Study.

5
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SUMMARY

This Memorandum describes the results of the Rand study of pilot
flows. It also describes the comnputer-operated decision model that re-
sulted from this study. This model is referred to as the PIIOT model.

Early in the pilot training study, it was found that there ire
complex flows of pilots within the Air Force that affect the total
cost of piloet training. These flows ere due to policies requiring the
career-cdevelopment rotation of pilots from cockpit jobs to desk jobs,
the maintenance of a supplement of pilots in excess of cockpit-related
needs, and the cross-training of pilots from one aircraft system to
another. The flows are also affected by factors such as retirement,
resignation, promotion, and age limitations on flying status.

The nmodel has inputs of pilot requirements by year, aircraft sys-
tem, and type piloc, plus appropriace descriptions of the var;ous per-
sonnel flows. The outputs are the numbers of graduates required each-
year from the virious formal trairning schools to meet the need for pi-

lots. These schools are as follows:

o USAF Acadery

o Reserve Officers Training Corps (ROTC)

o Officers Training School (OTS)

o Undergraduate Pilot Training (UPT)

0 Survival S5chool (SS)

¢ Formair Advanced Pilot Training (APT) schools

Problems cnncerning future training programs, pilot loss rates,
and policy variahbles controlling pilot flows may be examined with the
pilot model. Additiunally, it may be used in conjuaction with the se-
ries of resource and cost 1.adels described in the other volumes, listed
in the Preface. These resource and cest models are used to estimate
the cost of each of the various formal training activities, and each
is driven ty the numbers of students to be trained. When the reczource
and cost models are used with the PILOT model, the result is a combi-
nation that translates pilot requirements and statements of personnel

flow policy directly into annual training costs.
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I. INTRODUCTION

Several training activities are involved in the producticn or
pllots. One of the first steps in the study, therefore, was t 1identify
each activity or step in the training process so that resource and
cost models could be built for each of them. These models woulc allow
the cost of training for each step of the training process to bz esti-
mated as a function of the appropriate training wvariables and statis-
tically derived mannower and cost-estimating relationships. The total
cost of producing 2 pilot for a specific type of aircraft would then
bte estimated by adding the cost of each increment of training that com-
prised the total.

Further study brought out the fact that many pilots have had ex-
perience (past assignments) with a variety of aircraft. Thus, the to-
tal training investment in a pilot of a given aircraft could vary from
the cost of the minimum training required for a fresh recruit, to tne
aggregate training investment in an older pilot with previous training
in perhaps as many as six different systems.

Although this method of determining and then teotalling the cost
of each increrent of the training process would be useful in providing
answers to explicit questions about the cost of training pilots with
a given background of Alr Force experience, it was apparent that there
were many questions that could not Le treated with this approach. For
example, "What does pilot training in the Air Force cost in any given
year?" Answering this question would require knowledge of each pilot's
background so that appropriate cost informaticn sbout those receiving
training during the year in question could be recorded and. the costs
added. Questions relating to the adequacy of exicting training base
resources were equally important. Typical of these would be the ques-
tion of whether there was sufficient UPT capacity available to support
an expansion of pilot requirements for a given aircraft. Before this
question could be answared, it would be necessary to know how many, if
any, of the required pilots were to be cross-trained. An understand-
Ing of the demands of competing alircraft systems on UPT capacity would

also be required.
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Although questions such as these were felt to be of paramount in-
terest to planners, they cculd not be addressed with a set of resource
and cost models alone. A device was required, for use in conjunction
with these models, to relate the training in individual schools to the
need for pilots in cockpits and to the Air For<e policy concerning the
rotation of pilots. Such a device, alone, would not answer the aboyve
questions but, when used with the resource and cost models, the ques-
tions could be addressed. The subject of the Memorandum is the devel-
opment of a model, designated the PILOT model, that provides the back-

ground required.

10.
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II. DESCRIPTIQON OF PILUT TRAINING

Several independent training steps are required to produce a pilot,
These steps and the resource and cost models that have been produced
for each of them are discussed in detall in other parts of the Pilot
Training Study.* The following description of the steps in the pilot
training process is, therefore, limited to the minimum considered es-
sential for an vuderstanding of the relationships discussed later in

this Memorandum,

PRECOMMISSIONING TRAINING

Present Air Yorce policy requires that all pilots be commissioned
officers. The training leading to a commission is mot exclusively ori-
ented towards the production of officers who will be trained as pilots
and, for some purposes, it would be inappropriate to treat precommis-
sioning tralining as part of the pilot training process. However, an
incremental requirement for Alr Force pilots does produce a require-
ment for an equal number of commissicned coffizers and this training re-
quires time and money, both of which must be anticipated. For these
reasons, precommissioning training is included in this study. The

three sources of commissioned offjcers are described below.

Air Force Academy (AFA)

The Air Force Academy at Colorado Springs, Colorado, is the Air
Force counte part of the Army's West Point, and the Navy's Annapelis.
The Academy program consistcs of a four-year college curriculum combined
with military training. The AFA graduate receives a bachelor of sci-
ence degree and is commissioned a second lieutenant in the Air Force.

“ha number of AFA graduates has been increasing in receunt years.
it fs expected to reach approximately 920 in 1973 and then to become
relatively fixed at that level. Academy graduates, however, represent

a small percentage cf those commissioned each year, and, consejuently,

*
See Preface.



it is improbable that the number of AFA graduates will ever be affected
by fluctuations in Air Force needs, either for pilots ox for officers
in other categories.

The purpose of the Academy is tou produce high-quality, career-
motivated officers to assure that in later years these specially selec-
ted, trained and dedicated individuals will be among those available
for assignient to positions of great responsibility.

The Academy requires four years of study and military training to
graduate, and thus is the longest of the three processes leading to an
Alr Force commission. It also is the costliest to the government be-

cause all of the college educational costs are borne by the Ai+ Force.

Reserve Officers Training Corps (ROTIC)

About 175 colleges have ROTC programs. Over the period 1955-1968,
the number of graduates varied between 3300 and 12,200. Commencing
with fiscal year 1969 and extending through 1973, the ROTC production
objective is to produce abouut 4500 graduates per year. There are two
programs: one of two years' duration and the other four. The final
two years of the four-year program is termed the Professional Officer
Course (POC). Only those who successfully complete the POC are
commissioned.

All ROTC students are given free unifarms and textbooks. Students
in POC are given a small monthly allowance. In addition to these ben-
efits, scholarship students receive free tuition and an extra allowance
for fees and textbooks.

Because the POC is only a two-year program and because the Air
Force does not bear the full educational costs for each ROTC student,

the cost per ROTC graduate is much less than the cost of an AFA graduate.

Officer Training School (OTS)

The shortest way to obtain a commission is through the OTS at
Lackland Aiv Force Base, Texas. This school provides military train-
ing tc qualified college graduates in a 12-week program. Because oFf

the short laad time needed for selection and training of officer

ERIC

12



candidates, the 0TS output can be increased or cut back quickly imn re-
sponse to changes in Air Force needs. This and tl« :nodest cost of OTS
make this program adaptable to chenging requirements. ¥For these rea-

sons, OTS has traditionally been used to fill the gap between AFA and

ROTC outputs and approved officer-production quotas.

_ In a recent four-year period, the number of OTS graéuates varled

from about 2600 to 7800. Because of these wide variations ir output,

average numbers of graduates are nu: particulai. _<caningrul.

Flight Indoctrination Progran

Both the AFA and ROIC commissioning courses include a flight in-
doctrination progiem (FIP) for piloc candidates. The FIP uses the
same T-41 light aircraft that is used later in undergraduate pilot train-
ing (UPT). The purpose of the VIF is to acquaint the pilot candidate
with the rudiments of flying and to screen out those who are unsuited
for enrollment in UPT.

UNDERGRADUATE FILOT TRAINING

After graduation from the AFA, ROTC, or OIS, the newly-commissiouned
pilot candidate enters undergraduate pilot training (UPT) at one of
ten training bases administered by the Air Training Command (A1C). The
UPT 1s a 53-week program of ground school instruction, simulator train-
ing, flying training and military training. The student learns how
to fly three increasingly sophisticated ajircraft, and graduates as a
jet-qualified pilot. 1In recent years, the annual number of UPT grad-
nates har ranged from about 1400 to over 30G0.

The-philosophy of UPT is that the graduate, having “cen taught
the general principles of flying, is able by cross-training to qualify

as a pilot of any ajrcraft in the Alr Force inventory.

SURVIVAL SCHOOL

The Survival School is operated by the Alc Training Coumand (ATC)
at Fafrchild Afr Force Base, a Strategic Air Command (SAC) base near

ERIC
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Spokzne, Washington. It gives survival inst -uction to all flight crew
members, including pilots. <Currently, there are two courses, ons re-
quiring 15 training days and the sther nine. Students are taught basic
survival techniques applicable to several different kinds of hostile
environment; for example, parachute ceatrol and Landiag; land naviga-
tion; first aid; procurement of food from pluats, fish and game; and

water survival. Over 8000 officers and airmen were graduated in 1968,

ADVANCED PILOT TRAINING

The purpcse of advanced pilot training is to qualify a pilet to
operate a specific aircraft in which he is not currently rated. The
st denL may have only UPT experience or he may be an experienced pilot
assigned, for cross-training, from another aircraft system. He may
nave several thousand or as few as 240 flying hours experience.

The advanced training with which this study deals is conducted
oilly at formal scheools. There are advanced training schools for almeost
all of the widely used aircraft in the Air Force Inventory. Usually,
the schools are under the jurisdiction of the major command that is
the principal user of the particular aircraft in which the instruction
is being given. Several types of aircraft have schools on more than
one base in order to accommodate large student loads. 1In some cases,
several different schools are situated on a single base.

Combat Crew Trainiug Schools {CCTS) are the basic activities for

advanced training of pilots within the Tactical Air Command (TAC), Aero-
space Defense Cormand (ADC), and Strategic Air Command {SAC). %len
CCTS training capacities ::.e exceeded, the student overflows nre accom-

modated by Replacement Training Units (RTU) established within tacti-

cal units. The courses of instruction are essentially the same. The
only salient difference between CCTS and RTU training is that the forrer
are operated by training squadrons with full-time staffs of instructors,
whereas operational squadrons conduct the RTU instruction as an added
duty while continuing to maintain their operational readiness posture.
The Military Airlift Command (MAC) trains pilots for heavy trans-
port aircrafr in a program known as the Transport Training Unit (TTU)

ERIC

14




program. Also, MAC provides air rescue training utilizing both fixed-
and rotary-wing aircraft. These advanced training courses, like CCTS
training, are taught by full-time instructors.

The Air Training Command (ATC) applies the general term Advanced
Filot Training to a"1l ATC courses subsequent to UPT. Currently, the
ATC trains helicopter pilots, foreign pilors, and some instructor pi-
lots in its advanced training programs.

After a student has graduated from the appropriate CCTS, RTU, TTU,
or Air Training Command APT school, he is assigned to a tactical unit.
Hic training is continued after graduation to assure his continuing
proficiency in combat skills and to give him the experience necessary
for upgrading from one pilit position to another. This upgrading aad
continuation training is given on the job---not in formal, full-time
courses—-and tharefore is outside the scope of the Pilot Training Study.

In the context of this Study, Advanced Pilot Training slso ex-

cludes special weapons schools and special theater survival schools.

ERIC
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III, DESCRIPTION OF ¢I'OT FLOW

As previously mentioned, each of the steps in the pilot training
process involves the expenditure of varying amounts of time and re-
sources. Because each of these steps contributes to the cost of pro-
ducing a pilot, the flow of personnel through the various training steps
determines the total cost of pilot training. This flow of personnel
is depicted in Fig. 1.

In the simplest case--a steady-state condition in +thich require-
ments for pilots in cockpit jobs and loss rates are both constant--the
input of civilians wust balance the losses from the system. All other
things being equal, minor increases or decreases in pilot requirements
or system losses may be satisfied by corresponding adjustments in the
flow of civilians into the system.

Pilot requirements, hovever, are rarely stable. They vary from
year to year in the total numbers required and they also vary within
the total; i.e., in the number of pilots required to man the respective
aircraft systems. Further, pilot loss rates constantly change and are
largely beyond the control of the Air Force. Minor changes in the loss
rates cause large percentage changes in the numbers of civilians re-
quired, because of the leverage in the system. For example, if there
are 35,000 pilots in the Air Force, and the loss rate is 10 percent,
3500 pilots must be replaced each year by training civilians. A change
in the loss rate from 10 percent to 11 percent would increase this num-
ber to 3650, for an increase in training rrquirements of 350 or 10 per-
cent.

To cope with the problems of changes in pilot requirements and
with loss rates that are only subjectively predictable, the Air Force
has provided for a supplement or "cushion" of pilots who are trained
and availabte, but who are in excess of the immedfate needs to man air-
craft. This supplement, like the Inventory that any busincss maintaina,
absorbs thr immcdiate effect of changes and allows planners more time
to plan precommissioning and undergraduate pilot training levels., The
supplement of pilots is distributed in management jJobs at desks through-

out the Air Ferce, as well as in schools and other assignments where

16"




snigyg
Buhyz-uon
SQof

N
AN

(1dV)
butuieaj
0l1d padueApy
-8

®r uhioy | e

26-9 ——

001-4

"3

||

Mo)J 0114 —1°bi4

{SS)
100128
{eAlAng

(1d0/
buiued; wid
aenpeabiapury

bujues)
Bujuoissiwwons.d

(J10¥)
*sdJ07) buturesy
5,JaNJ0 2AIITY

(S10)
10042S
buiuie.y 5,333150

Awapeay ity g..lll

Sueljtal]

O

Aruitoxt provided by Eic:

E




-10-

flying is not the primary job function. This reserve of pilots is re-
ferred to in this Memorandum as pilots in desk jobs, as desk pilots,
or as the supplement. These terms do not refer t. the required number
of pilots in desk jobs but refer, instead, to the nunber of pilots ac-
tually so assigned.

The desired size of the supplement is as subjective as the factors
that require it and that control its size. As already stated, loss
rates have 2 large leverage effect. Even more important, the require-
ments for pilots may expand drastically in a national emergrucy and may
contract with almeost equal swiftness following an emergency.

In addition to providing a ready reserve of pilots, the supplement
serves as a training ground for managers. The Air Force places an age
limit on an officer's flying career because younger men usually have
sharper sensory perception and faster reflexes, and are better equipped
to pilot today's high-powered and highly responsive aircraft. The ex-
perience gained by rotation in and out of desk jobs enables pilots who
no longer fly but who remain in the Air Force to qualify for assignment
to senior management positions and, thus, lend their experience and
maturity to the administration of the complex Air Fcrce organization.
Alr Force career-development policy, tlerefore, requires that pilots
be rotated thrcugh desk jobs even though they are qualified for cockpit
assignments. Because rotations are made among different types of air-
craft (as well as among dicferent kinis of office jobs) gaps in famil-
iarity with the operation of any particular type or series of aircraft
are bridged by cross-training.

Two distinct internal loops in the pilot flow may be identified
from Fig. 1. One of the loops is {ormed by the movement of pilots, first
to desk jobs, then from desk jobs to Advanced Pilot Training (APT) bases
for cross-training, and finally, to close the loop, from APT to assign-
ments as pilots in the aircraft systems for which they were cross-trained.
The second loop, between APT and cockpit jobs, represents Lhe cross-
training of pilots directly from one aircraft system to another. There
are a number of conditions that cause surges in the size of this second
loop. For example, when an aircraft is phased out of service and re-

placed by another, pilots are cross-trained to man the new system. Also,

ERIC
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a management decision to shorten combat duty tours will require a flow
of pilots who must be cross-trained to opetrate the types of alrcraft
being used in combat.

As previously stated, the first of the loops results from the de-
liberate, policy-dictated rotation of pilots for their career develop-
ment. This rotation is balanced; that is, for euch pilot that is ro-

tated into a desk 1ok, another is rotated out and returned to cockpit

duty. The career development flow, therefore, is a continuous two-way

movement.
Superimposed upon the flow for career development is a flecw of
pilots between desk and cockpit jobs, dictated by force requirements.
esnerally, if the number of cockpit jobs increases rapidly, the net
flow of pllots will be from desk jobs to aircraft. Conversely, con-
tractions in pilot requirements (aiso called the 'core) cause a net
flow of pilots into desk jobs, simply because there is mo other place
in the Air Force for them. Thus, transfers of pilots from cockpits
to desk jobs continue to be made even during periods when there are
large drains upon pilots in desk jobs to meet increased cockpit require-
ments, Convereely, reductions in the numbers of pilots needed for
flight duty do not stop the flow of pilots into cockpits from desk jobs.
The elements that control pilot training rcquirements mav be iden-
tified, from Fig. 1, as follows:

o Requirements for pilots to man alrcraft in
active service.

o Size of the pilot supplement.

¢ Pilot loss rates.

o Rates of pilot rotation through desk jobs.

|
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IV, FRAMEWORK FOR A PILOT TRAINING COST MODEL

The pilot flow described in Section III was shcwn in Fig. 1.
Figure 2 amplifies this by adding the resource and cost models to in-
dicate their relationship to the flow of pilots. The training activ-
ities described in Section II are conducted as separate entities, but
as shown in Fig. 2, the flow of personnel through the system binds the
activities together. Since one objective of the study is to provide
a means of estimating the total costs of pilot training, it is neces-
sary to provide a model of the pilot flow, described in Section III,
in addition to a cost-estimating model for -ach of the training activ-
ities., The latter models are described in detail in other volumes
previously referred to.

The pilot training models allow analyses on several levels of de-
tail. At the most gross level, the effect of variations in the flow
rates illustrated in Fig. 1 mey bc estimated by translating variations
in pilot loss rates, pilot requirements, rotational policy and other
flow factors into variations in training loads, resource requirements,
and training costs. At the most detailed level, the model may be used
to address questions concerning training course content tecause the
resource and cost models include ccrmponents describing the number of
flying hours, academic hours, simulator hours, and other elements of
the respective training programe,

One important feature of the pilot model is that it is constructed
in a "total force ccntext.'" The model simulates the real world in that
inventories of personnel in one year carry forward to the next year in
a continuous fashion. Also, as aircraft systems phase out, the pilots
thus released are assigned to other Jobs.

Another feature is that the model accepts dynamic inputs; that is,
the users are free to alter personnel flow factors, syllabuses, and
other inputs on a year-to-year basis.

The model also embodies time phasing so that the training loads
may be structured over time. This feature is particularly important

because a distorted estimate of the training loads is obtained if time

RIC
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phasing is not used. The length of the advanced pilot training courses
varies considerably, and time phasing is the only paper method to de-
texmine the inputs to advanced pilot training.

With i“s combination of dynamic inputs and time phasing, the model
may be used for predictive purposes such as to identify situations in
which existing resources will be inadequaie for the training loads or

wheve there is insufficient time to train pilots.
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V. THE PILOT MOLEL

GENERAL DESCRIPTION

The format shown in Tig. 3 was designed fcr time-phased represen-
tations of the personnel flows depicted in Fig. 1. By showing the
passage of time in increments of AT on the horizontal axis, and dis-
playing the different stages of a pilot's career on the vertical axis,
any personnel pipeline situation may be shown. That is, the career
of any pilot may be traced; problems due tr changing pilot requirements
over time may be graphically illustrated, and training pipelines nay
be visuvalized. Examples are shown in Figs. 4 through 9.

Figure 4 depicts a simplified career path for a pilot who pro-
gress:s through iraining to a flying job, then to a non-flying job, and
eventually to retirement. Figure 5 shows a more common situation in
which the pilot fs trained, enters a flying job, and then resigns as
soon as his obligation is completed. Figure 6 jillustirates what can
happen in the career of a pilot because of changes in numbers of pilots
required for flying jobs. Here, as in Fig. 4, the pilot moves from
training-to a flying job, then to a desk job (in this example, one in
which he is able to maintain his flying proficiency), then to another
cockpit assignment, and finally back to znother desk job from which he
later retires. Figure 7 shows the same career pattern as Fig. 6, ex-
cept that the pil~t is cross-trained to a different type of aircraft.
Figure 8 shows cross-training or retraining of a pilot in a non-flying
job. These figures are all highly aggregated and simplified illustra-
tions of how this format may be used to portray various paths of pilot
careers over time.

The previous figures refer to the path of a single pilot. Ficure 9
refers to many pilots and illustrates sources of pilots to fill flying
Jobs. It has particular applicability to this Memorandum because the
requirement for pilots is a driving force for the training model, and
Fig. 9 is designed to show this process in the framework of the PILOT
model.

Using Fig. 9, assume that the pilot requirements, existing in time

period T4, for a particular aircraft (suct as B-52 bombers) are forecast

23




~16-

1°b14 Jc uoneyuasaidas paseyd oIy —¢ by

I
| (

0o

R H

PP

—

oo

Pt s —

ee o —]

ol 2 ¢ © —

Buporasg

D




-17-

V¥ MOj} [ouuostad patidwiS—v bi4

ubisay

sauny

I <2 |

Bud 1y

5

Buiuioy)

_ roool.. —] __..-l oo o —i ] Tl. buivniosy

[ e _r i s>




-18-

g Mo}y 1auuosad parjiidui s —g b

1.4

jl...lr

\

* e o —d

-

-




-19-

—9°bi
0 MOJ} jauuossad paijdwiS—9-bid




-20-

@ Moy} |auuosad paiytjduis —/ "By

_ ubresy
— _ -9 e * e r
siney
wRr
.l|~ 1 - ¢ 