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This is Volume I of the Mission Analysis on Undergraduate Pilot (ralnlng: 1975 through
1990. This Firal Report, Volume 1, presents major findings of the Study Group and a
synopsis of the supporting aialysls. The purpose of this irial Report Is to highlight
the major Issues and present findings on how Future Undergraduate Pilot Tealning should
develop over the ne•c ninet.ien years.

Volume 2 contain; the first four appendiles, which present the current UPT syst-m, an
analysis of future tralninq ro-quirements, and the external influences on Future Under-
graduate Pilot Training. Volume 3 presents Future UPT Instructional concepts and future
training med!a, Volume 4 describes the analytical models used with co,.puters to determine
the analytical findings and a definition of the aiternotive Future UPT systems, and
Volume 5 presernts evaluation methcds and sensitivity analysis as well as the findings of
the Study Group during the course of the mission Anplysis.

The findings nresented in these volumes are those of the Study Group and do ot necessarily
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INTRODUCTION (APPENDIX A)

The final report is a sumanarizing document supported by ten appendixes of detalied

analyses that comprise the complete Mission Analysis Report.

The report represents a major effort by the U.S. Air Force to define a complet'-
pilot training system designed to meet the force structure requirements projected for the
1975 to 1990 time period.

The sign;ficant findings of the Mlksion Analysis are presented in this Final teport.
The appendix title and letter designation Is given In Bold typm at the beginning of each
summary,

Reasons for Mission Anal.sis

The Impetus for the analysis was provided by several Important factors:

Equipment e!ilciencles

The nr.t important of these was the projected deficiencies in training equipment.
At the 'lime the study was Initiated, the high UPT production level was rapidly drivi.ng the
trainer airc-aft fleet to Insufficiency In niumber, and the ground trainer equipment to
retirement.

After the atalysis effnrt was well along (approximately three months prior to
scheduleO completion) a major decrease in UPI production was directed by USAF Headquarters,
This reduction extended the life of the current trainer alicraft significantly and affected

the options aveil.,ble for conducting Future Undergraduate Pilot Training.

The urgoncy of deci.lon on equipment purchases vias reduced. h•:vcr, eve. with Lhe
cut In prodrut;on, certain Future UPT system options *till have near term critical
decision dates. The decision on equipment purchases Is critical not only because it
Involves a large resource commitment, but also because It determine* the alternatIves
available In conducting the training.

A complete analysis of the training piogrars and its requirements lilows equipment
purchase options to be analyzed In terns of trainlng alternatives.

FIjlht Simulation

The tremendous technical advancev made In fimulatton -ailsed the questiono as to why
simulators wire not being used In Undergraduate Pilot Training. The Important aspect of
this question concernied the exchange if simulator training for aircraft traininj. The
mission Aralysis approach parmittod o thorough review of simulator techinology and Its

lapact on the Future t1PT Tr-• n; ,

lI



The final factor concerned the actual training process. The development of thecurrent UPT program was rectjnized for Its effilciency. However, few substantive changesin raiingconept hae ben adeIn the pilot training, process. The hypothesis wasmade that the research efforts on learoing theory and its application should provide somebreakLhroughs In the conduct of pilot tra~nlng.

The Mission Analysis was charged to itrestigate the full range of learning theoryapplication and to employ those concepts that pjrovide advantages in the total trainingsys tern.

M I-)n ljs is A2 p.,o a l

Tile organization of thc study was critical from tt.. -tandpcint of prioritivs.Figure I shows the overall approach that was employed. It ;s interesting to note tile
priority of training require-
rinEn over svsteri Clericints --
instructional con-ýcpts, theVUUEOCE STRUCTU~RE aircraft, and other traininn
equi pmen t.

AIRCAWTMISSONSIt has always been assumed
PILV SKIin the pilot training process

that designing the tiainer
aircraft to have like perfor-
mance with front Ilir,e opera-
tional aircraft en..ured thatTRINNQEu~cMpe5the training rcquirenrints would
be fulfilled.

The mission inalysis

SYSTES ELEC"T$approack challenges thisth
assumption and examlinesth

Al.TEflNATgVE SYSTEMS analysis ~f these ski~ls. The
training C',-jipmcnt is then

EVALAIGeos;91jed to ccompl Ish the111A~ATIOtraining requirerients.

_-777. _Sy~stems Appro ch (SAT)975-1"0 UPT 9V8TtM
M ~The Systems 'Approach tr

TralninVj (SAT) is applied In-1gus 1 MisionAnalsisAppracharriving at all the alternativer i g u e I N i s i o n A n a l s i s A p p r a c ht r a i n i n g s y s t r. mn s . A c t u a l l y .
there Is no regec In thisconcept. It Is simply a detailed plan of trainlr.g activity that starte with the trainingreq~uirements and systematically aPPlIes the mostý appropriate trlining equipment as well asthe necessary amount of trilning to chleve the desired results.

The significant ispects of the systems approach to training that distinguish It fromlmore conventional training approaches are :ts Implicit reaulrein.nt fn' a idl- -WS!ýCeL;! Z Uj4 oy o i ; s doe inngt Iun of? the t ralInr!ng requ Iremain r;. The Systems Approachto Training does not allow for any degroe of overtraining, one', av ý6ch, It produces atraining system that Is auistere and economical.



The SAT concept combines the training requirements and the various system elements
into alternative training systems that repreeent the optimum plan for achieving the
training goals. The Systems Approach to Training will be addressed in more $s.'all later
In the report.

Cautions

As always, when considering an overall system ar:lya's of this magnitude one must be
concerned over the concept of synergism -- where the characteristics of the whole system
are unique from the characteristics of thn respective subsystems.

In dissecting the various parts of the pilot training process, and exposing them to
Cr;tical analysis, there was real concern that some of the essential essence of the process
v'ouldLe lost. For example, the coocept of flight has, from its Inception, been afforded
a certain degree of mysticism, and men associated with it have been Identified as possessing
high ourpose. Novice aviators are attracted by this challenge of flight and the uniqueness
of the l •ator's skill. As a result, the pilot training process involves more than a
mastery of behavioral skills associated with controlling the flight vehicle; It must allow
for the novices' psychological development -- a kindred feeling for the air. Although some
might scoff at this requirement as being anachronistic in the age of technoiuly, it Is a
real one, nonetheless.

Technology does not diminish the individual's vense of achievement or his need for
identificLtion. Even though flying is a routine occurrence today -- the cycle of develop-
ment for a pilot with Its anxieties, exhilarations, aid high satisfactions remain unchanged.
Gill Robb Wilson, the noted aviation writer, sttmnarized this point well when he wrote:

"It is rarely realized . . . that In the achievement of flight,
men have to call more deeply on resources of heart and mind than
In any previous reach of experience. There is nothing in man's
physical nature which prepares him for flight. Countless gonera-
tioc:s have rooted human Instincts in earth-bound habits .

As I cortemplate ali this after a lifetime of Intimate asso'.iation
wit. It, I marvel at the depth of man's spiritual and intellectual
resguawes more than at the altitudes and speeds of his flight."

How does one capture this type training requirament In a word picture or a descrip:ion
of a training task? The answer to th:s question is a complex one. The reason Is, in making
any kind of a prediction one must distinguish the future which depends on science and tech-
rology from the future which depends on human factors. As regards technology, there seems
to be hardly any limits. However, the future depending on human factors will te determined
by man's ability to adept to the pus;Ubllltles offered by technology. Therefore, to account
for the Integration of technology and human factors. end to ensure that manipulation of the
parts of the pilot training process did not diminish the whole, the affect on the student
was the guiding principle. Where -ew techniques were suggested, their advantages were
rea.jired to be significant and Implementation was not planned until positive validation had
take) place.

Ini summary, the mission analysis apprLich was organized to examine the pilot trainlg
proce's in detail with the assurance that the overall atalysls would provide a pilot training
program designed to meet the requirements of the 1975 to 1990 time period while at the
same time enhancing huma- factors to provide a well motliated and properly trained pilot
graduate.

3



CURRENT UPT SYSTEM (APPENDIX B)

Before going into the details and findings of the Mission Analysis, it Is necessary
to present a brief description of the currert UPT program. Although the current program
is referred to throughout the entire report in a comparative way, it will be described here
as a complete system to provide a feel for its scope and magnitude.

The current Undergraduate PIlot Training program represents an evolutionary develop
ment spanning the 68-year history of powered flight. The early devolopment of flight
training was essentially trial and error In pre- and post-Wright brother's days, gradually
developing to a person-to-person explanation of some of the factors. Historical evidence
of early learning modes is not readily available, but following the time period of the
Second World War the development process ean be easily traced and is especially well defined
for the period from 1961 to the present.

Today, the UP- program represents an amalgama:ion of user requirements, training
experience, and ecxoomic pressures. It must be coans;dered a formidahie baseline repleat
with h!storical precedent, trial-and-error valldaýicn, operational reality, end resource
commitment. Current Ulndergraduate Pilot Training operates under the philosophy that all
graduates should be "universally assignable"; theraefoiq. all students receive the same

training in the sank' training v-hicles. The training vehicles follow the building-block
concept of flight training with the T-4l low-performance aircraft used as a screeninn
device and providing some introductory flight training. This initial phase of training is
conducted using civilian contractor pilots at small civilian airports located near the
UPT base. The second phase of training Is accomplished in the T-37, a rt'rIum-performance
Jet trainer used as a fundamentals vehicle in which all phases of flipht ore iltroduced.
Finally, the T-36 high-performance Jet trainnr is used to elovats fundamental skills and
establish orientation to the capabilities of wrodern operational aircraft. Training In

"-both T-37 and T-38 aircraft Is conducted by military instructor pilots.

Ground tralnir,5, In support of flight training, consists of lecture-orlented c;ass-
room subjects which are time-phased to provide the lead-In knowledge for flight application.
Academlc Instruction Is provided by qualified military Instructor pilots who have been
acrdlteod for classroom teaching and by nonrated but classroom-acredited weather officers.
Innovations In methodology such as programmed texts, learning centers, and student 'responder
systems have been, or are being Introduced. Adlltinally, all academic subjects are beOng
reworkad in both objectives and content to Incornri's the "Systems Approach" to Training.

Ground-based simulation irn Current UPT consists ot nonmotlon, ronvlsuel flight instru-
ment tralners. These devices (not actually illulitors) were Introduced In the early 1960t,
They provide a degree of validity with the aircraft, In that their cockpit instrument dis-
plys are representative. Control response validity is not good; however, the devices are
used primarily as procedures trainers, and in this role the contrnl 7,.Vornse discrapar.;ie,
are reeognized as acceptable. Mlssl•i' flown In these trainers are prerequisites for
identical Instrument missions In thi ol-•raft. The UPT student receives Instruction I.1

these devices from n2npllot enlisted personnel.

Training missions flowt, in the air (after ground Instruction prere*ulsites are com-
pleted) face a signlfl)nt problem with available airspace. The airspace operating envir-
onment for UPI Is characterized by stringent control, elaborate proceoures, and high
utilization.

4I
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Definitive airspace control for trarinrin aircraft began In 1963. With Intense
planning offorts and Increased radar covor..-ge, the majority of training cperLtions are
controlled under Instriplient Fiight Rules (IFR). The ultimate gos) of complete radar
cotitrol for all training missions -- takeoff to touchdown -- Is expected to becV-1 M
reality In tce 1973-1974E time frame.

Elaborat* operating procedures support the complete radar control concept at all UPY
bases, The procedures are designed to accoummodate the heavy flying schedule and to pfo-
vIde an orderly flow of traffic which Is cleared of conflicts and allows consisttnt
utilization of approach and runway facilities. The extreme performance differentsc
betwoen the training vuhiclss and the need to plan out conflicts Increases the complexity
of these already complex procedures,

The utilization rate of ,he OPT airspace Is extremely high. Current UPT operations
are conducted from dawn to duj.: under a smooth flow concept of launching two train~ing
aircraft -- one T-37 and one T-.46 -- every three minutes. In addition. training operations
are frequently conducted Into the night t.i accomplish cu.-rent training requirements.

)he sItudent's traini.'g sd~e.jla In Current UPT Is orienteJ coward a conventional five-
day week, with limited training tin weekends. Currflntly. VPT bAses Must schedule weaken,'
training In response to makeup te';Iulremants after periods of bad weathar. In addition,
weekend time Is used to conduct extended navigation training; the initructo- ar'd sta.dent
take off on Friday afternoon arnd return to the home base on Sunday.

Thie current durjtirjn of Under~raduate Pilot Training Is A47 weeks for acadermic, ground
trainer, and flying requirement5., plus on* week of processing In at the beginning of the
course. The #ate of training Is 10a.ed on acquiring an average flying activity rate c?
1,15 hours per training day.

All USAF ý.1ents In the UPT program are officers and college graduates with tht
exception of a small .,umber of studants who or* previously-rated novi~ators anc* who may or
may not be Coll'ege gracv~tai. The attri:ion rate that Is used for planning In the current
UPT program Is *pproximately 27 percent. This Is the figure which Is published in the
ProgramT1ed Flyinig Training (PFl) document. The actual attrition rptes. as experienced,
fail very close to the planning oercentages. Attrition ratis are based en actual student
perfarinancas wh~ch are measured, throughout the current UPT program, by q combination of
dsily performance assessments and periodic check Y ho contro'l docukv'ent for courtse
training -- the syllabus of Instruction -- specifies required skill lovvelt which are hased
on the number of flying hours and the- phase of ýrslnlnq.

All "T w'ntjs are organized using the dual deputy organlisitional &trurture. The
deputy cort4-de for oporatloir; (OCQI is the focal position 1, control of too daily con-
duct or tif!,lng. Under hi. coomnand are the flying training squadrons and the student
sqadpon. The lattiir functions as a co.Aposite academic, military training, and admlnlstra-
tlv6 unit, All otier deputies to the w~ng cut-wnender support the training effort In the
arr~as of material, facilities, and medicsl re4ul remerits.

The locat ion of the ct.rrant UPT bases Is shown on Flquto 2. All bases shown are UPT
bauses except Randolph AfI which Is the Trelnir~g Commnand Headquarters and also the locatleon
for Pilot Instru,..tor Traiolng. lobla I Shows more details on the asoz and location of
these bases,

The rmaniong levels of an average UFT bass Is shown In Table 11. Total ma~nning for
UPT training Is shown Iin Table ill. All of thelse data dea presented to show the magn~itude
of effort dev'jtod to Utidergraduatt Pilot Training.
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TABLE I I

TRAINING ORGANIZATION MA1NING LEVELS
Average UPT Base

manning Levels
(2nd Qtr 70

Tralning Osganizat4on Officers 1 Airmen Civilians

3500th Pilot Trainlirg We ;:q 43 162 46

15th Air Base Group 35 340 354
3500'th Field Maintenance Sq 5 312 165

3500th Hospital 42 100 36
3500th Oroarizotional Maint Sq 382 6
350Sth Pilot Training Sq 125 6 1

3500th Supply Squadron 7 188 78
35c;th Pilot Tri;nlng Squadr)h 11 4 I

501th Stulevt Squadron 31 1I4 9

Total for Wing 404 1508 69ý

.ABLE III

oý/Q PLIRONNEL COMPLEMENT AT UPT BASES

Filot Personnel Family
Trinirg PCS TOY Housing Total
.!.ln.... State Airfield Military Civilian Total Students Students[ Units Acres

3500 Texas Reese 2029 736 2765 4•3 60 419 7758
3510 Texas Randoiph 5106 2907 8013 3614 78 1019 2612

3525 ArIx. Williams 2801 761 3562 479 128 609 3857
3550 Ga. Moody 1837 57" 2411 398 53 106 5519
35)0 lents Webb 2006 783 08i9 404 54 465 2453
3575 Oklo, Vance 736 140 876 481 65 230 3056

3615 Ala. Craig 1688 580 12268 352 47 326 2493

)640 Tem*ls Laredo 1992 rA6 12583 429 58 26 2095
S)wA Trxas LaughlIn 218h 654 62838 ",37 59 503 4470
3650 Miss. Columbus 23511 398 2752 350 47 82( 5076

't Headquarters ATC, and Pilot !nbiructur Training

fi sur ry, the Urderuraduw te Pilot lr, I,,iV proVram In the Air Force represent1 a
fri ,anitoduus Invt,went in resuurcce tnd nianiwer. It Is a well orvarm;7ed anti (ffi.!I.-,

pr ev er, it tiniw produCeS capable p'I a lot ady fcr mIss Ion quolifIfatlo I
I,. rurn Ilia aircraft,
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TRAINING REQIJ.REMENTS ANALYS'S (APPE!.oIX C)

This subsc'rtion presents the methodology and results of the analyses recuired to
develop oparatgonal mission requlramoonts for the 1975-190D time period. and .o translate
t!ise into training reqv raennts, for Vuturo Undergraduate Pilot Tro~nIng.

The first stop In this process was to selfct, from the 1975 tc, 1990 force structure,
reprnsentative aircraft and mlss4ons for whicih task analyses were to be otrformed. This
step was necessary In view of the fact that aev adequate task analyst& for rach of the air-
craft In the 1975-1990 force structure 4would have produced volunino~as oat&, muwch i~f It
redundant.

The second step Ine this process was to project the systeim characteristics of advanced
end future operational aircral , In order to provide the mission end task analyscs with a
basis for describing functions and tasks for aircraft not yet operational.

The third stop was to analyze the missions for the selected aircraft In order to select
anJ define the mission phases, segments, and functions to be considered by the task
analysts.

Fourth, a task analysis was performed to Identify and &ýnaiyze the pilot tasks for
each m'ssion phase. segment. and function Identified In the Mission Analyses.

The fifth step In thisý process was to develop and Im,;Inm~nt corvtonaiity aislys:; toct'-
fliquas In order to deteemine which of the pilot tasks 1dentified are suffucignily commron
to warrant Intorporatioii' of training for these tesks In Future UPT curricula.

The sixth and last step In the Identificat~on and selection of candidiste tra'ning
requirements utilized the pilot tasks and functions Identified by the e~lffonallty analysis
and combined these data with an analysis of current EJPT on6 combat crie. te-eining sylaLab.

Reprosent&tiv. t uture Operational Aircraft wjrt ton

The definitIon of f.r:apilot tra,,ling reqult6mont# (1975-1990) rvqv~rf_,d onominat Ion
of oll projected Air For.9 mlssior"k end key characteristics c.' tho aircra.t that will
perform these mission, This subs'ectlon Identifies the aircraft *nsmined and selected tor
the mission and the pilot functional and task analyses. The pioteos, for classifying the
aircraft by missions and capability ý. presented along with the selected list of candidate
aircraft.

The aircraft considered In the study are listed In Table IV. This iis.*:ing cGf aircraft
was derived from the Air Force Plan.

A total o? 19 aircraft ware selected for Inclusion In M~e anealysis since th~eir cape-
biliti., adequately reptesented the mission spectrUm forecast for the Air force In the
1975.-*l93 time perilod.

A prot AIuro was used to examine the alicraft :n each mission category for similarity
of pilot feinctions necessary to perform In a given mission catepory. The range of functions
was selected to best represent each .ils ion cateoOry, end one ct nore aircraft were then
selected as representative for t~sse ranyt of functions.



TABLE IV

AIRCRAFT CONSIDEREn IN TUTURE UPT MISSIO;4 ANALYSIS

Operatloo.ll Advanced
Alsslon Category Aircraft Aircraft Future Aircraft

Air Superiority IoE Fy7tjr!

Close Air Support F-I.D/ A Idvaned CAS Aircraft

Interdiction F /0 All-Weather-Night Attack Fighter

intercep:ion FF -06-A , 71]. Hypersonic Defense System

Reconnaissannce RF4-.

Strategic Bonming B-52G/[j] i Hypersonic Strao!.gc Systeq.

FAC fOV-IA FAC-X

Assault Transpot C-i OE I FTM MIT
C-7 Combined Supporting Aircraft
C-123K ATEWS

Intertheater O= SST, ADMIS
Transport C-141A AWACS, SSWLSAdvanced Log Trans!-rt

Refuel!ng KC-/ KC-X

Rescue - Advanced Rescue System
MH-436 Advanced Local ;aso Recovery

System

L..Selected for iralysli
SAdvanced (AS. Only the alI-woather attack sege-nt was exam,•ied.

*The acronyms ured In Table IV are Identified as follows:

CAS - Close Air Support
AMI - Advanced Manned Interceptor
MIT - Medium Intratheater Transport
ATEWS - Airborne ballistic rissile Intercept
ASMIS - Airborne Missile Intrirceptor System
SSWLS - Standoff Strategic Weapon Louncher System
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A task analysis was performed on ter representative aircraft Included in the '.tudy.
The task analysis for each aircraft was !ýa-rforfrrd In accordance with the mission phases,
segments, and functions which were determnned o, the basis of the mission objectives of
the aircraf;.

Field validatlon of the task analyses for tVe ten aircraft shown below was accom-

plished at the base Indicated.

I. B-52H Castle Air Force base

2. C-130E Little Rock Air Force Base

3. RF-4C Shaw Air Force Base

4. C-5A Altus Air Force Base

S. F-106 Tyndall Air Force Base

6. F-IlIA Nellis Air Force Base

7. OV-IOA Eglin Air Force Base

8. A-7D Luke Air Force Base

9- F-4E George Air Forcc Base

10. HH-53C Eglin Air Force Base
Additionally, a functLonal analysis (less detalled than a task analysis) was performed

on the following advanced airý.raft:

1. VTOL Fighter

2. F-15

3. AY.

4. Advanced CA$ Aircraft (all-weather attack segment only)

5. AMI (,ii..... . ii,, ire ed i.- . ...c.t.r. %

6. FF-111

7. O-IA

8. LIT (Light Intra-Theater Transport)

9. KL-135.

All task arid functionai analysis results were reviewed by representatives of each of the
major air corwiands working on the Miss!cn Analysis.

Methodology fo, Derlvl.• nTraining Regeiirements

The commonsllty of a pilot task for a g'van operational time base Is a funttlon of
the projected percent of graduates coming direutly from UPT to CCT who will be assigned to
operational aircraft in w•ich the task is perforfwd. In practice, the pr.]jected pert.ent
of all pilots whO will be newly assigned to aircrafL In which the task It performed had to
be used due to the una-.l lability of separate UPT asslý,,ment projection.. The number of
newlI assigned pilhts for a given aircraft in a given ope.ational time base consists of
nealy assigned CCT graduates who entered directly from UPT, :CT praduates who entered from
previous operational assignments. and pilots transitioning dira~tly from other opt.rational
aircraft.
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Taek commonality analysis necessaril) entails task sicilarity analysis to determine
whether or not the behavior required to perform the task is sufficiently similar across
aircraft to warrant its being considered a single task for train'ng purposes.

It was Initially assumed that a single commonality analysis based on oll operational
aircraft would be sufficient for the purpose of developing rurriculum content for alterna-
tive Future UPT systems. It was subsequently determined that o. separate commonality
analysis would be required for each specialized UPT fraduate tfpe for which a specialized
system design was to be considered. if, for example, a highll specialized Future UPT
training phase is designed to produce a graduating specialist whose subsequent CCT training
and first operational assignnent will be In air superiority typ-j fighter aircraft, the
task commonality analysis for that design must be based only on the pilot tasks performed
in a set of air superiolty operational aircraft. Similarly, a separate analysis could be
conducted using the representative aircraft data to determine pilot tasks whi:h are common
to Iny specialized mission area. The volume of data limited the practizal number of
separate cotmmonality studies necessary to support alternative Future UPT svicem options
to the following:

Analysis CCT/Operational Assignment Aircraft

identl'ed common pilot tasks performed All 19 representative aircraft
In n, ar!y all operational aircraft cockpits

Identified common pilot tasks performed in All 19 rep-esentative aircraft
most operational aircraft cockpits

Identified common pilot tasks per. --:d in F-4E, F-15, F-106. AMI. VTOL. Fighter.
air-to-air, air-to-ground, reconnals;ance, A-71.) A, AMV CAS, r-!l!A, OV-I0A,
and FAC mission aircraft cockpits RF-1 C

identified cormmon pilot tasks pertormed in F-4E. F-IS, F-106. AMI. VTOL.
air suoe'iority and Intercept mi-ssion Fighter
aircraft cockpits

identified .;ommono plict tasks performed in A-7D, AX, ADV CAS, F-ilIA, OV-IJA, RF-4C
close air support, interdiction, FAC,
2nd Rocon.aissance mission a~rcraft
cockpits

identi.led cemmon pilot tasks performed In B-521H FB-iil. O-IA, C-130E, C-5A.
strategic bombing, transport, refueling. KC-i-o5i. LIT, hH-53C
and rescue mission alrcraft cockpits

identifled cc.sion pilot tasks performed In B-52H, FB-lli, B-IA
strategic bor*er mission aircraft ;ockpits

Identified com'-on pilot 1asks performed In C-I3OE. C-5A, KC-135A, Lir, H14-53C
assault and Intertheatre transport,
refueling, and rescue mlssic, aircraft
cokpit

It is true that the 4uantitative value of the connmonality criterion has tiO Intrinsic
or absolute meaning regardless of the way in which commonality Is defined. Alternative
volues of the c.;ter!on are correct or Incorrect only to the extent that they result in
curricula which are empirically determined to be superior or Inferior on the basis of
some Independent criterion, such as pilot qjallty. A

;i
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In the absence of em;irical validation, the relative merit of specific values of the
criterion can only be stated in terms of the difference between an identified set of
card date training requirements. and some reference set of training requirements. The
reference t.-ainlng requirements are thiose Inclueed In th~e current 9.P7 curriculum .

The assumption vnderlying task conminalicy Is that any task %shicii Is as common or
more coffmon than tasks trained In current UPT should be considered as a candidate for
Future Undergraduate Pilot Training. The ef~act of this assumption depends on t?,e degree
of specialization under consideration. For examp'e. In the cowvn~aiity analysis for a
fighter-special ized training phase, where only fighter aircraft were Included In
analysis, it was determined tnat ground attack tactics are morm conimon than formar! ion.
which Is taught In current Undergraduate Pilot Trainnin.

Under the adopted con.ionality analysis critevia, a task identified by a criterion
valuz or 75 to 100 p~ercvsnt comr nality (tasks conmon to 75 to 100 percent of the tc.tai
sample) w.ýs allocatnd to the Primary Phase of Future UPT regardless of whether a general-
izec singi.:-track or specialized two or four track system we; utilized. A task Identifiled
by a criterion value of 4.0 to 75 percent was allocated to the blasic Phase of Vuturc 'jr-der-
graduate Pilot Training. Wheii general ized systems were considercd the 40 io 75 percent
criterion was &pplir'd to alI aircraft in the sample. When spaa..diized Lystetn5 werv .Jn~-
sidered, the 40o to '5 percent criterion was eppflea to aircraft in eaitner the fightor,
attack, Interceptor. reconnais'a!nce "AIR) sample or bircraft in the tanker, tt'ansport.
bomber (TrE) sample. Ali other tasks were rejected for Futu-e Undergraduate P:1ot Training.

it will be noted that no conmmon pilot tas~ks were idlentifiled as leading to potential
training requirements for VIOL fight..rs, VIOL. transports. or helicopters. This Is due to
the projected low numbe- 0 ntow pilots to be assigned cockpit positions In these aircraft In
the selected ..perationel tin'e b~se. t~ie there conditions a low Weighting factcr is
assigned, and the tasks are rvjscred. Similarly, the projected low number of pilots to be
assigned cockpit positions Irn variable wing s-wtep aircraft cavued commion tat's associated
with this aircraft c'vacateristic to ýe rejected.

Future TrilgRqieet

Acomparison of the commoonal'ty a-ialysis and current f',Iabus analysis resulted in the
ident~fication of 30 standardized Laiegoriet. of training. These training requirement
categories were selected as the cand!4W.te Future UP'i training requerenei~ts for the remainder
of the study. All of th'2 viable LIPT te~;.i requi.'erments that could be identifled 1-y cther
inethods, I.e., needs of thn' opp!rating c~omwmnJs data and review of non-USAF pilot training
systems. wete included ;r these J10-tra'rning requirements categories. Those that were re-
jected were either 1) .raining requirenc.-its svch ag "weapon delivery." which were identifier,
In a more specific and. thus, more accurats- and useful r by one or more of the 30 Cate-
gories; or 2) specific training requirements which c~ueo be ;loarly rejected as c.ondidates
for Future UPT on the basis of scwr. other criterion such as use of nighiý automated or
misslon-specific avionics which required negligible training time to learn In order to caper-
ate the su~systeml In Combat Crew 'lraining.

The 30 training requirements listed In Table V I'nciuue those Z0 that are currentbý
taugh~t In 11PT and confirmed by the commuonal'ty analysis. The remaining 10 tralniný, require-
ants listed are those identifleJ jy the task and comoninality atialyses which are not
Inclicl-i In the current UPT program.
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TABLE V

FUTURE TRAINING REWUIREMENTS

Training Raquirement Gen FAIR TTB
Al location Primary Basic Basic ots'c

1. Ground Operations X X X X

2. Pro-Takeoff Taxi X X X X

3. Takeoff X X X

4. Formaticti Takeoff X X

5. Climb/Level Off X X X X
6. Descent/Apprc~ch X X X Y

7. Landing X X X X

" ?. cut Landing Taxi X X A x

9. Basic Control X X X X

10. Precis Ion Control X X X X

11. Stall Recognition ano Recovery X X X X

12. Aerobatics X X X

13. Unulual AtLitud. Recovery X X X X

14. Pilotage/Dead Reckoning X X X X

15. itgh/Low Alt. Nov. Man- X X X X

16. Close Formation X A X X

17. Trail Formation X X X
18. Communlcetions X X X X

19. Spn Recognition And Prevention X

t 20. Emergercy Procedures X X X X
f21, Tactical Formbtion X X

Z2. Basic Fighter Mar.euvers X

2. [., r-to-Oround-Fundvmentals X

t2. Air Drop Fundanmntals X

25, Rader PyavigatIcn X X X

16. Crew Coordination X

t27. Formation Landing X X

28. Low-Level Visual liavlgatlo.s X X X

t29. Collision Avoidance X X X X
f30. ecis Ion Making X Y X X

13
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These new training requirements conbined with the i.urrent training requirements provide
an intetesting distribution of alternatives for Futvre UPT systems and shed considerable
light on the issue of generalized versus specialized type UPT training. Actually, the dis-
tribution of tra',ilng requirements removes the generalized versus specialized issue entirely.
The crltical deý7 ion centers on the depth of training envisioned for Future UPT in terms
of the number of trai',ing requirements specified. Using the comlmonality ýrlteria utilized
In identifyinc the training r.uirements, three fundamental groupings result:

* A Future UPT bdsed on 20 training requirements which is basically
today's UPT pagr6m

* A Future UPT bised on 26 training requirements which expands the
scope of UPT by today's standard'

* A Fuiure UPT based on 30 training requirements which further expands
the scope of UPT by today's standard.

The first and second alt-rnatives provide for only a generalized training approach because
with the 20 or 26 trainirg requirements specialization is unnecessary and uneconomical.
The third alternative provides for a specialized training approach because with 30 training
requirements, a generalized adproach Is uneconomical and violates the comnmonality analysis
rationale. The determlnaýzion cf the training requirements and their grouping Into the
three alternatives was a critical pr.ness since it prvvided the fromework within which the
remaining analyses would be conducted.

Course Training Standard

The final nrrt of the training requirements analysis concerned the management process
necessary to cnsure a continuing review of the t-aining requirements and to provide b timely
means for irapletnerting changes. As stch, this process represents an agreement between the
pilot trainers and the pilot users. it can only exist In a viable manner If oil parties to
the agreement understand the communicative process necessary to effect required changes.

The findjngs of the Mission Analysis support the need for Increased communication
between the tralners and the users by a r~wre sp.icific process than is In effect today.
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EXTERNAL INFLUENCES (APPEP-OIX D)

Five Important Influences were Identified and analyzed to determine their impact on
Future UndergraduAte Pilot Training. Four influences are concerned with the number and
type of candidates needed for pilot training. The fifth :nfluence concern-, the airspace
for conducting pilot training.

Future UPT Productioi, Rates

Historical Air Force and total UPT production rat'.s (Air Force plus Air National Guard,
Air Force Reserves, Military Assistance Programs, Marines, and NASA) for 1962 through 1971,
and programmed production rates for 1972 and 1973, are listed in Table VI.

TABLE VI

UPT PRODUCTION RATES

At STOR ICAI.

M Military Air
Fiscal Air National Assistance Force
Year USAF Guard Program Reserves Marines NASA lotal

'962 1295 62 213 1575

1963 1433 58 209 1700

1961, 1675 115 130 1920

1965 1992 126 3J) 2252
1966 1969 177 118 226-

1967 2702 133 158 3 2996
1968 3084 157 65 15 3)21
1969 3216 142 75 118 7 3558
1970 3521 i56 123 167 2 3969
1971 13913 145 120 225 jI1

PROGRAMMED

1972 395 145 300 1 55 ( 0 1#425
19/3 L298'75 280 360 J 150 C 3665

IIOTE: These figures do not Include Undergradvete Hollcoptei Training
rates or UPT training conducted foe th4 German Air Force

Information received from Hcedauertevs USAF, as of 14 September 1971, spe"Ifled the
FY 1973 production rate of 2,'175 V,5. Air Forca pilots and j665 total pilots. Indl.i.ions
are thst the fiscal year 1973 production rate may evenlually be even lower. At this

-'i~tn•, IHeadquarters USAr has not finalized the forecast of production -ate& beyond
fls~ql year 1973.
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The uncertain cliote existing today over UPT production makes meaningful predictionsuut to 1990 somewhat tenuous, Furthermore, since: USAF furnished force structures did not
project beyond 1981, all estimates beyond this date must take Into account both politicaland technical developments that might Influence the production schedule for Future Under-
graduate Pilot Training.

The force structure used to determine the production rate requirements was developedby two independent con:racted studies. In addition, the USAF Personnel Plan (TOPLINE) was
used to determine the total number of pilots required to fill the operational, supervisory,
Instru.tor, pipeline, and supplemental rated force.

The 'TOPLINE" Air Force UPT production ?ates are listed In Table VII and reflect theminin.um number of Air Force UPT graduates deemed necessary to Austaln the variable forcestructures recommended by TOPLINE. The TOPLINE force structure Is that, goal established by'he USAF for the future and may not necessarily be reached until fiscal year 1982. The result
of this, analysis established that a total production level of 3665 is an adequate nJ.lberto support the force projection out to 1990. All Future UPT system options were designed
around this level of production for com.,porative purposes. In order to account for anyfluctuations In Future UP!, the evaluation of the system options provided for a sensitiIty
analysis of t500 In the level of production. The plus 500 figure suppurts the current
USAF surge planning. The minus 500 figure accounts for the possible further drawdown in
UPT production.

TABLE VII

UPT PRODUCTION RATES

"TorLIiiE"

Objective AF. UPT Total IPT
Rarge Force Total Pilots Production Production

8J - 92.000 (Lo) 80,800 31,218 2,660 3,325
92 - 104,000 91,200 34,214 2,768 3,433
104 - i16,O00 (Muan) 102,900 37,481 3,)59 3,764
116 - 129,000 114,200 4,rl 581 3.335 4,000
129 i4,O00 (High) 126,800 44,181 3 ,514 4,183

Actlvyi USAt Officer Fort.c excl:,flv. ol dcctrs 6iJ detL;L*
Objective officer f'rce s'tructure for line and JAG only
USAF only, glus '.5 WIT greduotes, Figures :'apresent the minimum

rate necsse.sy to support the totel pilot force.
Total UPT p'oductlon rate Includes !JSAF/ANG/MAP/AFRL.$/etc. Dues not

Include .25 WIT graduates.

Graduate Assim. ,utlun

1(,ratast graduate assignment distrlbJtlon, aided In the enlelyels to pro.'ide adesign r.,/at for those future training systems •p~ivn thal , secufy a spec:1ll1cJd appruai.1

(lie po oertod UP1 graduate s signn mnt dtst fr Iutlor, '-es devgopged frcm) the future forcestr;ttsre iriJectliui.s previously doecribsd, Thae% nstlotisi were cuinpared •Ilth his0torial
UPI grlasunte assignment dlktr:butluon to determine the degrea of fluctuatluri thia ,lght I)V
ex 'et ted.
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Assignment distributions were divided Into teven categories according to missions and
then Into two groups according to commnonality of pilot task. The seven categories Wert.
fighter, attack, Interceptor, reconnaissance, tanker, transport (tactical and strategic),
and bomber. The two groupings were fighter, attack, Interceptor and reconnaissance
(designated by the acronym FAIR.) ard tanker, transport, and bomber (designated by the

Total operazional force pilot requiremeaits ware determined by analysis of the force
structure projections and the latest crew size and Pircrew, ratios listed In AFM 172-3,
"USAF Cost ano Planning Factors.' Crew requilromentoo for a.ircraft not listed in AFt4 172-3

were assumed-to be the same as similar aircraft presently In the Inventory. The result of
theze projections along with historical UPT ass ignmar~ts Is shown In Figura I for FAIR
(32 percent); toe remaining 68 percent It for tois TTB distribution, It Is significant to

60 - note that In no cass did any projected
40 *-rforce structure assigoiment distribution

vivy from the average more than eight
percent of the total pilot assignment.

so0 based on this analysis, a dittribu-
Am tion of 40 pcrcent rAIR and 60 percent
A.. Til was selected as *he design point for
49 the system optioi~s incorporating )0
4 ~ training reqtilramertso This design point

/ ~ ~ takes Into account tile eight percent
- 34% 'variation In thle actual distribution of

0-~I~ * 30....... 32 percent FAIR and 60 percent Tanker,
0 'fratsport, bomber.

stue0 oliStudent~ bytiool ta

F1 ur FO.C IJtGUR 0~aiaeu'jmns Tll pn ume f onentllplt'rii~ canidtesii
righter/~tack/Inteavailablf e fur piJlotJ ti'olnpriod hdotlainis

Re~~~or~~naI slae rl)b rn ge Jl~une s1971. urtile,~rte ne ungo
tedadteln st~s oite witi, randfdate pro-br

in th --- seeciv sric sstmAn thA ielho ofi ehn atlnl,,vriuny oforca e, ot(
16 90It was necoessar toli stoamina that sourc ,iauto spnl delltdtried lil 4,rran t
selctin tanard fldC be R oflnsie Inot ml~'Candlaio If ot, to ean w ith teaftuve

selet tn stndads tat oul be ~~anta~ed Evauaetio of0 ths l97,iflad byT tief(t c thatio

letIonweaccmpishted b!I) de/tercinngtie ota pou ibl nube of-1.1 tmaespro ~tijed thoe

agesof 0 an 26for adyeardurng t ti, lsan, f) eassociatied~ wth tcalnuiat pr o-
Inthese: electdine servicle syservm adethermient oo ofren ages all voluldo founrcfra. ', n

3 nw copIIfle ) determiniing the oa osbe numbers of mhs ptnilvlntes etdt ales hetvI or t~yile

(AtCLI) records). These- analysesl provide an wsimhte, tIly year. of the total pool of
...... W. -M. "V.--------------wo *~iT,j;--- -- t i--r il; : -j; t :4 A oo u W
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Pilot selection stapdards are greater than m!nlmums required for entry Into the Armed
Forces And. thus, reduce the size of the service-quallflo pool by a given percentage.
Theat percentage, for various vision and educational standards were applied to the pool
(these two standards are the ones which disqualify the greatest number of potential UPT
applicants). The ;act that UPT Is a volunteer program further reduces the number )f
available applicants since not all qualified men with to enter the program. factors
affecting the nuenber of volunteers were considered and the yearly number of qualified UPT
volunteers during 1975-990 wao estimated.

Ar•a!ysls of the 1975-1990 source popwsvtlon Is based on the avsumption that UPT
condidates will continue to be male volunteers between 20.5 and 26.5 years of age.

The projections of the futurv manpower pool as shown In Table Viii &te based on re-
corded live male births through 1966 and projected livo births to 1970. The Bureau of tOs
Census, Population Division, has maie rro.Iections of the population to 1990 baied on the
1960 census. They hewv also made estimates of the percentage of men who will complete
college during the 1975-1990 time open. These estimates were In substantial agreement with
the historical date of the previous 22 years and era considered valid. Estimates were also
provided on the number who will have completed two years of college during each year from
1975-1990, The *:timated pmrcentoge of phyvslcal rejections (mainly the failure to mee-
visual standards) was applied to a number of men coripleting college ouring the time pirlod.
Tt,* manpower pool of men with four-year college degrees and 2O/202 vision will number antwesn
380,000 and 400,000 annually during 1975 through 1990. These nsimbers are considered

TAULE V111

mAtiPOWLf POOL, 20.'-26.5 YLAR-OLb MALES, 1975 7HROUGH! 1990
(In Thousands)

L.0C D E G.

19/5 11,875 12,126 12,10) 12,138 2,68? 2,307 3,J5O
197 12,!09 12,375 12,352 12,390 2,738 2,355 3,420

1977 12,361 12,633 12,609 12,64,4 2,794 2,403 3,490

1978 12,617 12,09ý 12,270 12'405 2,852 2,453 ],
1979 12,034 13,116 13,091 I3,1,6 2,901 2,495 3.623

1930 12,•61 13,246 13,221 1),256 2,930 2,520 3,659

I19 12,990 10,26 13:259 13,294 2,938 2,527 3,669

1963 13,uM 13,3M5 13,310 13,31 2,949 2,51W 3,603

191111 12,926 13,210 13,165 13,220 2,922 2,513 3,649

1)65 12,723 13,003 13,978 13,O' ?,876 2,473 3,592

186 12,419 12,692 12,668 12,703 2,007 2,414 3,06

19'8 12,047 12,312 12,209 12,J24 7,724 2,343 3,h0!

IgoJ I1,()1l 1 ,2S) I1,2)? 11,267 2,724 ,l1l1 I 3,Ilu

190') 11,109 11,435 11,413 11,448 2,530 2,176 3,160
I ý,IeJ 10,716 10,952 10,931 10,I966 2,423 k,084 3,027



adequate to support ruture UPT producticr, -equirements. Ilowever, the efforts of an all
volunteer force with the attendant aIlminat.,)n r'f the draft Is an unknown quantity in this
assessrnent. In the past, there has always been a high correlation bmtwesn the level of
draft Incluc tIons and the numbmr of male students entering college. Furthermore, wstimetes
AS high as (60 piorcent have been made on the ni-mbar of persons entering voluntary military
proorams such as UPT to avoid the draft. This polilblility, combined with a general dis-
satlisfction with the National Military Policy (Ilke that deinonstratoo In the late 1960s)
could make future recruitment of -uaiifled UPT applicants difficult.

Student Screening and Selection

The U.S. Air Force future aircraft mix and researh on trainee and pilot performance,
selection, end training attrition were analyzed to-derive selection criteria for the i'uture
UPT program, The general categories consist of phyt~iologlcal, Intollectw.~a, perceptuji
molor, emotional, and motivational requiren'erits. Detailed enalysas were perfcerned on the
first three of these. The Weecticn ir~tlhods necessary to measure thiese variables should
consist of 1) a &-.vtpreliensive unedkal examination, part of 0,0 Is glvdrn In actual or
slnwulstad flyiny onvlrontlintc, 2) tests of mootory, attentlon, and commnunication as weli
as verbal and t,-~n~tItstIv* skills, 3) perceptual -iotor to-its and/or comparable i)GehaviDFSl
work samples, W, ceassures of eonttional stability and strai,1 resistance. and 5~) measures
of Interest In flying, attitudes toward the military, and career Intent.

An Important factor In the development of a force of captblo pilots Is ti'e choice of
inputo to it-e training system; I.e., the selection of porsonnel who will be able to ac~quiru
and apply th~e skills taugiht. Thn purpose for %VieLtlon among applicants to & training pro-
gram Is to produce qualified graduate% In the shortest time and) at tije lowest cost. This
ftwy be accomplisheq by the early Identificat ion of those with the approprlete degree of

IIOT(tt FRo TAULL Vi11

A H ale live birthsn In previous 20.5 to 26.5 years (U.S., Alaska,

6 - Hale live birth,, adjubted to Include all so.rces of population

C - tumbor of live births, riale, suryiving to age 2u (99.81'1)

O a Total marnvcber piool adjusted for lnvnl~jrafl..,n

L a Pos)s5ib1 vilunte'ý-r% (booed on Selective Service deferment,)
exccluding st'l".enti (22;)

F 0 fiumbahrs expecteid to pass mnininium' standards for mlli toy servi',e
cxcludino studeits (060); POTENTJIAL UPT CANDWIATE POOL

G0 i~umbiers expected to pass Pinlfilmumin standards, Inicludi ng students
(27.6k (if column 0)

L"

Z 101,1



relevant attributes and by the oiliminotlon of po.ontial fali,.res. The selectio~n process
P5y vary In &pproach f-oem a complete acceptance of "ratural stolettion," wherein selectl in
Is by attrit;or In rho program (those persons who fail ob iously were not qualified) to a
protralning s~loictbri process to appv.'oori'e to the trainiing that thong Is no ottritio'.
The sele.;tiom process resulting from tils utctdy Is designed to screen out potential
fitliures at riv~il lisitial point of contact wit'n the system, Identify, at some point prior
to entry Into UPT those wihh a high probability of success as & student and operational
pilot, and to pRrr'i.. "naturai seiection" fc.r those attributes which. at present, are beo,ý
determined by expcture toi flying.

*~ ~ ~~~~~S con i L11reb 1oj~jjnu~~~j L~.~iJa ec. Cu
volunteer pru~gtamý, such as UPT, must iseanrs attractive to the potential eppiicant than
other p6stiblo choictis, the use of tite tr4ianInt, program Itself as the selection device (with
no~ entrance requlrer-ints) has a superficial appa~si. The use of attrition from training as
the means of seloctIrig quolitied~pilots does not eliminate selection; It merely transfers
It to already 1,urdonso training personnel. Additionaily, the elimination of pro-antry
seiection rproblbt,1' woull requiro a changi In status of the Individual student~; I.e., enlist-
mient Intc the reserve or regular forces, and woull add financial responsibility to other
direct costs of the prugro'm. 19M f2VM_9L.%2lat1i2n teppers noces or%,I orty tor.J...duce
the vIlts attendant witio-,atnwhl attrition reduces the numb r qf trai rigp.

5olect ion criteri, define thavu attirsutes which characterize successful USA- pilo~ts
and were derived frv'm the forecast pilot capability requirements, critoria~lo . 1.-4r been
established In UPT aind other training systems, and from background data -.i thd -. 4ý&on
problem. Selection criteria. thus, refiect the attributes an applicant must :-o~s In
order to complete IJPT and to become en operational pilot. Selection ttandards define tile
eagree to which the%* attributes Moot be present.

A review of the current student screening process was accomplished to deterrline Its
applicability .o Futuire Undergraduate Pilot Treiring. Current attrition by uoufce and
cause was oxoe ;ntd to Identify those areas of the current syst~em that warrant ;hangs, or
areas to be addrossoJ with an alternative syttem. A review of current and projected tests
was accomplished to determine their applicability tu the current pystei', and to determitie
the -, acteristics of en alternative systemi. Finally, a cost break-even analysis was
made between the current aml alternative sytter' to determine the cost effectiveness of the
alternative tystem.

ThA currant process, twhorehy nm'n aer selected for UPT, may be considered In tV~roo parts:
1) selection for a program leading to a crgizission, 2) the selection whilch occvfs iwring
that program (attrition) anJ before the commw~ission Is tendered, and 3) selectltn for UPT
froft among comiissloned officers. A~n opplluirtit Gbi.,rt volunteer directly for UFr, he must
first meet the criteria and standarik Imposed by the conw'issionlng Institution arid these
very c.^nsidorably. for example, the, ss!%ctlon criteria for entry Into the Air Force
Academy Includes Intelle,~tual attlinmert It, competitive examinations among Air Force per-
tonnne', recommnendation by a U.S. senator, or the miiitary activitie', 3f thi. applicant's
fatheri ;a., the sons oO Congressional 'iedal of Honor winnegrs or of those killed In action,
None cf Vista criteria oea applicatle to selection for OffIciet Training School %(OTS) or
Reserve Officers Training Corps (ROTC) vhilch likewise lead to a cortmlission. Regardless of
the source 0f conunIssion, all Air Force ufficers have met the criterion of educational
attainment, as evidenced Ly ýho awa,'d of a four-year college degree, before they were
commnissioned. Priot to enr'ty Into UPT, all ;ondidetes will have taken and passed the
Air Force Officers Quiiolfice~lon Toot (AFUQT) a nd a Flying Class I medical exeminition. All
candidgEcs for UPT have voluntebred for the prog am.

Currer~t criteria for entry Into UPT may be su .torized as foillows:

a Physical, Excellent physical condition as evide ced by the passing of

a Flying Class I physlh;sl exaemination, Including 20/20 visionn
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* M~ental. No disqualifying personality defosi~tS, as evideniced byý the
acceptable Adoptebility Rating fo.- military Aeronautics ARMA)

* Intellectual. Abil'L.y to learn, as evidenced by tne attainment 04
a four-year icl lsig.i degree

* Tochn!'aI and Aptitude. Ability to pass those portieris of the Air
Force Officers Qualification Test (AFOQT) which relate to pilot
attri~utes

a Military, Ability to function as an officer. as evidenced by the
aword of a coffmlssion In the Armed Forces

0 AýOs. Between 20.5 and 26.5 years of ago.

To appreciate the efficiency of this screaning, we need to review the attrition rates
experienced If, Unlergraduate Pilot Training. It Is generally racog~ilzd that pilot training
attiriton rater Oft~ driven, In part, by relationship between trainee Input and the systems
cotitout requiorisdirnts at year liter. and In part by the capability if the student pool. Thus,
It Is always important .i discussing attrition rates to recognize that trainir programt~ing
And philoso~phy has at 'east some nvdest Impact on attrition,

The total attrition -ate for the period from FY 1965 through 1970 woý 23.7 percent.
It was at Its lowest In i9%" with 16.1 percent ani at Its S.[shest In 1970 ".ItI 27.2 percent.
A trend of IncroasIng atirridon rate occurred In this period. Whether this trend wiil con-
tinue in FY 1971 Is not known. becouse thes data weri Incomplete at the time ot this
~nA IyS IS .

Whiles total attrition rates may suffice to xhow thaot an attrition prr~bitum exists, a
mrore useful set of ilate Is onc showing which students ware aLtrited and for What reasons.
Date for a prolonged period probably exist but were not In a readily usable fo.rm. Excel-
lent data were available, however, for the period from 1965 through 1970. This Is the
period of greatest Interest, In an,ý event. because It expresses eiantlally the present
attrition problem.

For the current pilot training system, Information on reasons (,)r causes) of training
attrition, diffoaences In attrition by itudent source, and cost to th'iv Al orce of attni-
tions were available, and are -)f Importance in a m:atln', Impact of chonasi In screening/
setactloo procedural on future attritio~n. Attrition ratos by cause, from 1965 chrough 197(),
are presenited In Figure 4. The percents given In the fi~urs are the porcent of th~e total
Input whio attrited for the reason specified. Thie horizontal bands repree0 tOng attrition$

anre additive, sumivh6 , 1,3 ti,! total
attrition rate In sici, yair. Through-

in30.r out the period coveoe.. iy the figure,
MI -the largest goroup of r trit ons are

aconedfrbytanigdfiiny
This cause accounts for roughly one-

to C half to two-thirds of all attrItions
and has, on tho whole, tondid to
Increase during the period. Subitan-
tilal propnrtions of Olr tot&l Il.aowevei.

10 RNAINING OCVIcICINC are also accounted for by calf-
Initiated elimination (SiE), medical
attrition, and matilfestation of

0 _______ ___ apprehension (MOA). Attritions r~ot

1945e 1see lee, 194e lees 17( accounted for by any of these cats-
FISCAL Y94 gonles are combined In a heterogeneous

.group called Outer, reproesnt~nnIn
Flour* 4. PI~ I-~rb~ r.' ;iýjsi ýy Cause most years leis Wan one percent of the

total. This group Includes fatalities,
If any, arid attr~t iuns for various humanitarian reasons.
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Flying deficiency attritions result from a judgment by training peisonnel that a student,

a t a given point In the training program, lacks ft.inimal competence either in academic work
or In the translation of this Into satisfactory psirformance in the aircraft. The data from
1966 through 1969 dlstingu~sh academic deficiency from flycng deficiency as a cause of
Pttrit ion. In that period thers were a total of 2.040O flying deficiency attrition% and only
033 academic attriLions. Thus. only 6.1 percent of th. training deficiencies wvre academic..
7hls probably reflects a combination of the effectiveness of formal academic selection stan-
dards ý.ombined with use of the Air Force Officer Cuaiifying Test (AFOQI) academic (officer
quality) composite as a selection standard.

In the fiscal years from 1966 through 1970 a total of 6C-7 student pilots ware attrited
for medical reabons. This amounts t- 12.9 parcent of all elinilnees during this period and
3.2 percent of all entrants. A large proportion of the medical attritions observed In fiscal
year 1970 were for reasons In no wvay peculiar :o p.ilots, at least not to pilots In the flying
environment, The data show that 33 percen~t of the medica'. attritions, occurred before the
first flying hour In the T-41 and ti-at $1l percent occurred by the tenth hour In the T-41.l
by the P'nd of the T-37 pli-ase 96 peicent of medical att~itions had occurred.

Some candidates for plilo training prove to be subject to manifestations of app'rehension.
The medical examination may not detect such candidates unless their anxlqity states are
rhr~nnc. Moofe,'ftatlion of apprehension Is nevertheiess a significant category of attrtlicn.
This category *ccounts for the liot of abt-ut three percent of stulents entered Into tr.aining.

Self-initiated Eliminations (SiE) from pii6t trnining also occur with suffciont fre-
Quioncy to be of son'p concern. The recognized loss rate for this cause hot ranged from two
percent of entries In 19(5S to flyve percent In 1970. During these years, Slis .eye consti-
tuted from about nine to 19 percent of training loses. The SiE Is probably one of the
most difficult causes of ratising lost to Identify clearly, sin'.e so'nin students who wish to
quit traininil filay dIsguis' their reason via deliberate failure. Thus, the lot,, rate for
muctIi~tlonal cause's Is poobkbiy underestima ted by the SiC category.

In supimary, the most '.ignific,'nt category of training attrition Is thust of flying
deficiency elimlnationi ocademic failures constitute a relatively minor portion o-. trhinissg
teeficlancy beasus. Self-loiitiated elimintitlons. madi "I eliminations, and elmimraltion.¶ due
tc manifestations of opprithenslon each acco-int for smaller but significant portit... of
training attr'itons: taket. together, they have accounted for lost of from seeon to thirteen
percent cf ststl4nt Input 4rom 1965 through 1970 and for about half of the attritions during
0) at period.

W40., - - One significant lIssue pertaining to
'I ~ -- *attrition Is the soarce from wh~ich

IL attr~tod students come. Detailed dnAL
/ I .~- are available for the period ry 1965

do 30 - .j ihriuug', ry 190~ rnd eet preasntod In

OT ,eFigure 5 and TalleI.th fiuehate

SNONRATED~ It Is clear fromth iuahtte
20 .sources having thn lowest attrition raites

are the' Acadgioy and rated officers, The
AMt AFOC group, on zzi whole, ocxcupie% anA ~Intermediate position, althoud~h for two

10 ACAEM . of the years Via iJr~-riIllght Indoctrination
ACACM~Program togmeni: of this group had a high

rats, The two sources havig. the highest
RAE attr;tion rate are OTS ard nonrated

01 officers.

FISCAL I'fAR The importlince of tlsrse data lb to

Figure 5.Pilot Training Attrition withlo~ 11jihiight. the fact that as ijpr productlun
Sources rates vary, the level of attrition will



TA6LE IX

FISCAL YEAR 1969 UrT ATTRITION BY STUDENT SOURCE AND TRAINING PHASE.

Training Training Attrition

Studunt Source Input T-41 7-37 T-38 Total

AFROTC-Non-FIP* 2276 N 24 29 6 59
S8.7 10.5 2.2 21.4

AFRATC-FIP 1369 N 75 166 4 287
% 5.5 12.1 , 3.1 21.0

OT$* 1969 N 335 253 41 629
S17.0 12.8 2.1 31.9

AF Academy 307 N 12 13 4 29
S3.9 4. 1.3 9.4

Nonrated Officers* 226 N 37 36 8 81
t 16.4 15.9 3.3 35.0

Rated Ofticers 85 N 5 4 3 12
t 5.9 4.7 3.5 I1,. I

Total 4232 H 1 488 501- 108 1097
I %15.1 11.8 25.5

These sources provide, essentially, no exposure to flight tralnin-
or experience.

vary. At Ilwer production rates, where Academy and AFROTC students make up the majority
o. the studean population, the attrition can be expected to go down. Converse;y, If pro-
.Iuctlon goes up ,nd OT$ IbLudonts comprise a larger part of the student popuftiton, the

attrition can be c~nected to Increaise. Finally, the significant aspect of attrition coll-
cerns cost and systen, capability.

The cost of training : student pilot to the point of attrition Is very hi&h and rep-
resents a dissipation of ress0orces which could be better spent In other Ways. This cost Is
not recoverable by the Air Forc%.. Furthermorn, studqnts trained to attrition have an
adverse effect oni the capacity of *he training program tu produce qualifIed pilots, since
they occupy places In the program iih!ch might have been occuplad by successful 2tudents.
This effect could be critical In a per;,d of high requirement:, for pilots.

The, cost of attrition In today's progr&-i is given In r.gure 6. !is shows the Est
by training week assor.lated with attrltior. bbýed ,in theso data ..'d the attr;tlo,- figures
given previosuly, the average expenditure on a stalJtnt who attrits In O'i trdi:.ir.g Is
aprroxImatelif IC,O00 dollars.

In summvary of the present screening system, !: can be stated that the major disad-
vant.ige centers around the Inablilty to zcom•msdte any type of extensive Individual
assessment.
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80

z70 Pending Changes -- %entralized T-41

W During the early 1950s it was demonstrated quite
60 effectively In two studies that a program of light

0 60 plane training conducted Just prior to entr% i, oo
X formal UPT reduces attrition in the erly phase: of

- -. . . .- -..--.. -- formal UPT, and that there Is no evidence that this
so0 difference is offset by later training attritions

81 (in effect, this produces an overall lower attri-
40 j ltion among those students who havp had the light

U plane program). Outcomes of these studies have
S40 resulted In implementation of the variety of light-

I j plane training programs In vogue In the Air Force
Sofficer training and commissioning program.s. Air

S30 Force ROTC operates a flight Instruction programo(IP), flight Instruction is provided at the Ai-
Force Academy, and finally, 7-41 training consti-
tutes the first phdse of UPT as we know it today.

20 Thus, In today's tPT many students who have had
light plane indoctrination and screrning as a part
of their commissioning training program receive

I0 additional, and perhaps overlapping, training as a
paMrt of Jndergraduate Pilot Training. Light plane

* trainii,, shoulc be viewed as a student selection
procedvr. rathc," t:- as an Integral part of

0 Q -' - tralnlit.,. Attritton ;a the 1-41 phase of UPT was
0 a 16 24 32 40 46 analyze. i.i tie v~rkuus sources of student pilots.

WEEKS OF TRAINIlG-----s-b A most cost eff.!c::ve procedure for light plane

Figure 6. Cumulative Pilot %election of UPT .tuovnts, which avoids duplication
Training Cost, of assessment. should be possible. Under the

present procedures, duplication does exist and this.
In turn, tends to increase total system cost.

Centralized T-41 is In many respects a separate Issue, based on a Hq USAF analysis
which was turned over to Hq ATC for consideration. When 3een &s a candidate selestion pro-
cedure, centcalized T-41 reasonably fits into a selection cvnter opcraL .. It car, serve
as a stepping stone to a fully developed centralized silection certer. It is assumed that
centralized T-41 will be loctLcd in the vicinity of the Officer Training School. For
convenience, a centralized slection center shouI6 bt 1c.'ted In the S3me area.

Alternatives

The deve~opmrent of a screening/selection system Invo!ves examlinii the existing (ec,-
nology of behavioral prediction and applying those techniques Wh!r'h have relevance to the
categories of attrition *ihich have been Important historical!y. Earlier causes ot attri-
tion were reviewed. The causes which appear to be aennable to systematic attack arc
discussed below.

Flyln;i Deficiency--.

'ralning defil.iency was Identified a• the nist frequent cause of student attrition,
ACcoui1ting for about half of all attritiois. Academic deficiency at'.ritions constitute

pi, ••inor ,art of this, with most of thoese losses occurrivg because of flyinj
deficie.ncy.

Freedom from probl,.s of training deficiency in UPT may be viewed as a conseq'uence of
abillky to learn in a pilot training context. Studerts are expect-d to be deficient in
fiylri( sk I Is until t'.:y hL /e been taught. Defiriencies leadiog t) attrition arise when
what is taught Is no* learied with sufficient rhpldity or thoroughness. When a student
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falls bevind his peers in his progression through the curriculum, he faces the likelihood
of a defic:tncy elimination. Tests designed to assess learning ability for the knowledge
and skills required of a pilot are, therefore, likely candidates. The aptitudes measured
by the AFOQT are relevant to this learning, but they do not assess it directly. The
Inclusion of one or more measures of learning in a flying environment shcould be of appre-
ciable value in improving selection.

Selection devices which permit direct assessment of learning in the pilot training
context are no novelty. The light aircraft, such as the T-41, is one such device. Another
device is the psychomotor test. For the most part, belief that tests of this type can be
shown to be valid is well founded. These provide various measures of coordinat'on and
address the problem of training deficiency attrition. Among these tests, the ones most
favored for Inclusion In the Future UPT selection battery are those for which a body of data
already exists on their relarionship to pilot traininq and on which an active researc';
program related to pilot training is in progress. So far as Is known at ,his time, only
two phychomotor tests meet both of these criteria.

Psychomotor testing In a pilot traIning context has a lengthy hiutorl. Srcme of the
earliest selection devices were of thi. type. although they went largely unerplolted. TwQ
of the tests known as Complex Coordination an4 Iwo-fiand Coordination were used operationally
during WW II and up to 1953.

The decision to abandon them was not made because of lack of validity but because they
were difficult and expensive to muintain. The fairly recent developments of industry
seemed to offer the possibility of building an apparatus which could be operated electron-
Ically. Accordingly, a prototype psychomotor testing station was designed and bullt under
contract. Installation was completed late ift 1970 at the Personne! Division of the Air
Force Human Resources Laboratory, Lackland Air Force Base.

Thus far, two tests have been programmed. One Is an updatzd version of the Complex
Coordination tests. It involves manipulation of a stick and radder bar to position at a
fixed point with the stirruli presented on the screen. The otl'er task is an updated Two-
Hand Coordination test In which both hands are used to manipulate two sticks in performing
a A lar tracking task. Data have been collected on over 130 OTS students who were

J for pilot training. Most of these students subsequently entered pilot training.
but sL )Iclent time hat not yet elepsed to permit any to graduate. Hence, the initial
valida&iofi study of these two tasks has not been performed. These two tests are identified
as CI.Adidates for future selection use.

Another device capable of flying proficiency assesfment is a ground trainer device with
low fidelity motion and a low quality visual scene. This device might be classified as a
low fidelity simulator.

The Human Resources Laboratory's Flying Training Division at Williams AFB is currently
conducting research into the utility of this type device -- a General Aviation Trainer (GAT)--
as a predictor of success in Undergraduate Pilot Training. While their samples are s$nall,
results to date suggest that i.AT instructor evaluatioos of student perfcrmance are about as
valid for prediction of T-37 criteria as are T-41 (light plane screening) evaluations (both
show modest correlations with pass/fall In T-37).

Training and assessment accomplished in a devicr like the GAT have a number of advan-
tages when compared with similar training and evaluaý Ion in a light aircraft. One advantage
Is its economy (the GAT has a significant cost ;dvanzage over the light aircraft).
Another advantage is the greater number of hours per month the GAT is available for use.
Still another is safety. One of the greatest advantages is that an objective record of
pcrformmnce In the GAT can be - lbtalned aut-vntically as the device is being flcwn. This
record Is available for evaluation by both the stude~nt and instructor followino the fliaht.
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Subjm~tive evaluations of attitude, judgment. safety, and air-sense, can still be made by
the instructor as supplemenwts to the objective record. A GAT type trainer rr-erits con-
,iderat ion as a future selection device.

Motivational and Stress (MOA) Attritions

Self-initlated eliminations and elimination because of manifestations of apprehension
both constitute significant segments of student pilot attritions. Moreover, there is
s-jsplI;k.' that soane stude'its attrit from training for notivational factors which result in
i~aining deficiency elimination.

Many students are motivated by their micconceptlons. They may believe they went to be
pilots because they perceive the life of a pilot is filled with gliamour or adventure.
While a pilot's life may contain some of both, this Is a poor basis for choosing a pilot
career. One must like the activities which are the daily lot of most pilots most days.
?ýeasures designed primarily to combat attrition caused by manifestation of app.rehens ion
also have .-elovance here because under high motivation most Individuals r.an er~lurý. severe
stress. Failure to Jo so may result more from unwillingniss than inability.

Prior familiarity with the art ar.d science of flight, even If not as a pikt , can
serve as a self-selection device. Students attracted to a pilot career, when thl, et~ractlon
exists in the presence of much realistic knriwledý7e of what Is involved, are not higi'ly
prone to attrit!on, especially for any of the reasons which might bea described as 'If.. *va-
t lonal

Orgoing research by the hluman Resources Laboratory Is e.oamin!nq se-erai promi.ing
alproaches to pilot motivation development and measurement that nuy be applicable In UPT
selection. Two of these. the "Attitude and Career Intent Survey and r~tiviition Engineering
Study for Pilot TraiArirg" Sliuw possi6ilitiei. and; are icientifiec; &- candidate approache% for

future student splection.

Two candidate selection procedures involve miniature stress *Ituati.ýns. One Invoiveb
altitude training Indoctrination. The altitude chamber has beer' demonstrated to be an
effei4.tive indicator of manifest anxitty toward flying. The second one Involves survivui

trainitig. Survival school could be mawde both a training activol.y anc. a s.,icction activity
by placing it In the selection progran.. This would permit a full-icale assetsmant of
response to genuine stress. initially, It ý.houldl ',- tried as a small scale eiper~roent
under the au~pices of the selection center and~ later made a full-fledged part of oelection
only If the experir.,ýntal results warrant. if survival ý,chocul does become part of selection,
it is important that the school continue to Include srveral days of exposure to isolation
and an inhosritable environmenc during which, survival techniquz!S can b~e oraCtilcr~d. If
suc~h an approach were adopted, It ~h.do-:cur after other, less t~rersvav, scicmiiun

assessments. This reversal in training sequt~nto (prior to jPT) cnuld have the advantage
of early identification of those cendida~es with wua.a -.otIvation.

medical Losses

A significant number of students are lo~,t from training for miedical causes. It is
expected that the -Tajor thrust against medical attrition may comne from A more rigorous
appilcat~on of exi .ting standards to the medical examinationt. This coiald be accomplished
by giv~n; a ,rnnd medical examination at the centraliz,"1. sciction center.

It appears thlit substant;.' Inroads on the modical attrition problem con be made by
Intensification of existin5 pract~ceý, w-ithout recourse to exotit. evailuations. Examination
emphasis would be on the most conmmon caus.< of medical disqualification. To It, however,
could be added, l,'ter, such medical tests as ille medical research programs In the Air
Force might be oble to justify for pi lot candidates. Most such tests considaprad thus f~r
are lacking in research support for inclusion In thie r~edical examination. This Is fre-
quently because .,f very high correlations between pass and fail io UPT for tests already
included.
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Characteristic.. of the Fvture Sytan

Future 1IPT selection proposals maed here are tentmtlIva. oerdiny val idation prior zo
full Imnplementation. The *ys tern would consist of &.operate screinlinj -ind valect'on assess-
ment phases. Screening wo~uld be, essantial gy, the procedures (Class ;Physical fx~in £
AFOQT, etc.) In curroti.f usaje.

' in the selctlo!i phase tne Gandid..to would be coarciully obtervind and ea.I-aotvd ogir a
period Jf approximiately two weekn. Such assessment cannot be condutctd s..ccesof~ly
except at sonoo centr.ilized facility to which the candidate may be toriporsh ily assigneb'.
The najor rasson for this Is the need for rigorouis standerdl :AtIcn t-.i the applicatlooi of
wssoassnnt techniques. Tab~le X ou'lIng.. procedu~cs that co.ild be empioyad at the seeac-
tian ce.ter, along wilth an estimation of candidv.e time required by each procedure. It
It antlcrsted that, when operational, such contcrs should *ccomrirociate half again as
rn~ny candidateb as the rlumber to be entered Into training ('.huo allowing for a 7avorabia
selectInn ratio). Ow. Ing the experimvnte~ :!~! z and'dates a;.,c~sa should tic
ant.!red Into training fo, purposet of system validation.

TABLE X To tlke extant po*sihie, the're should be
no long 1ap~c of time between compjletion of

OUTLI.;L OF SLLECTIJN CLIEth( OPEK'ATIQNII selection adJ the heglnr'.ng of UPT, loAcaiusto
It Is Important that me-tovktion bullt up In

r- 14 orlrntoticon phase of selection should not

'.areu' iiitent 1 ,.Time4, ben Allowed to lapse,

Cantrakux~tion of T-141 training and
P s y ( 'i~ i o t v r 7 @ s t ný Ir e v e r s e) o ft th e S u rv lv r~l T ra in in tg U P T
Att~ludo fid area 1,,ent equont.i.c vktouJi be tried, evaluated and im-
;.irvy J1plementgd sapnrat'lly frc~m the selection~..~voyCenter experlmenit.

.,iit-rn Avgiation Irainoir 20 Afi oide,.endent expe;1menI. to assess
egtruc~tlc~ and Tuastint utility of Surlvolvl Trali.'rg given pric.' tio

Altitude Chambar 8UPT should be comduc.ed w'ing exibting fa.il*
Ities, and sholild follow tho existing curric-

Indoctrination aroV Testiny 30 ulum~

Lhass I PhysicAl 14The maejority of peor.e'ures specified
under a iie.oý selection sy~ Liiv will -oqutlre

Total 71ine, hu'urs validation prior to operatilonal Irnpleomenta-
tion, thkr Piust, 0' necessity, Ue preceded by

- - *-- s talievi d..vulopn'ent of selection co-nter
syl tT'I %chodi'ei I and prvoeduren The

-syc~i,uniutfir tests Ideumt I f IIloud utr are #I-c ;cdy Int pr-ýCqf ;6 t I. vioidis td for foi ot
selection;- data on student I.erfvorriance In UP1 for sampisL t~motoed or' these 'a~vlcei, should

bstn vturing at. the vtoJ of ce~vider year 1971, Shortly thureafter, a deckilot, about
thmir utility wgi~uid be !ussibli. A year wouldI be requimred for soulpirent procurement, and
costs wivuld lbe a function of the number of ItemL of equipment rosquivid,

A jesirhibe )Iiai would be to cordider Implomintation of tho~o selection ttsts III the
(.t.,' text oft a selection Cents, operatiuon. It'rAiiy, the total selection cowntnr concept w'uui'i
h~e tri..d out exporlmentally, validated, *nd ties(, rsvIsnt;, as necessary, and Implaiemeted.
During a vAlisldtun period, It wojuld be nilik., necessary nor d91si11`u6e to operatel p fI'll
cs,iteir kaal~slil of pruceusIng all Incoming pilot training ciandldates.

On.ce tle experlnental centetr bo.;lns ope.ration, e twoi yeor lag would k:@ iinvvve6.~
iLoilect ion (of fullI training date (in the Vl'Bt veer's subjictsi duri(%Q ve'odatiri,
eii~erir1t..'tAI operation should coritlnu'j to i luAvi for 6ross validation, At, additional six



months would be required for validation against trailn g criteria. At that point, decisions
Obout wf'ether to go operational could b'n moads. Full icale Implementation would be poggible
o5 sao')m as the center c~ould be expandaco to full cap#eillity. This experimental stage would,
thus, require a minemsmn of three-and~-one-half to fr~ur years for full validation. An
additional year would probably tj. required for cterto exponsion. Thus, If a go-ahead were
secured In "rl) 1972, a fully Im-olemented rswi-o would not be a reality until about 1976.

Center opeietion throtighout Its dv~elopoovit and later operation should provide flexl-
bility to periodically schedule ef 1 oe'nse.mental modifications for validation and
possible later system Impro'._.:4.-.

C6 ofa Selecct ion System

Cost of the propooed aitearnative selection £tefllio are difficult to deiermlne befure
validation tests of It; vsrloufs parts are compla-i 4nd a detprmrs~~tion can be made of
those parrs which shoulci be applied, The selection syster i "cost effectiveness" Is a
function of ttI.* extent to ithiCh It reduces attrition- I-jP training.

Sam'ctkion cf~ter "-lId~tion costs can be bati., on' o acl.y equipped and staffed to
accept 16 candidates eaach werk (with each candidate remaininG At the facility for two weeks).
When operational, the facility and staff would require ex.pansion to accoviomodate perhaps six
such 16-miste nr.jupt each week (or an '-crease to six time, validation hize), Ihe tac'lites
requireui for validation are shown low 'r~ble XI.

TABLE Xi

REQýJIPEO FACIL~rIES FOR SELECTION CENTER VALIDATION

Phase _____I-Required Facilities1

Phy.-hornotur lesting PDP-8 computer with one subject station

(csf -5) a enlisted operator. AIr
conitinedspace for one 12 x 12 foot control

roo an cn 12x 12 foot test room.

Attitude and Cares, Doe 16-men testing room. and one administrator
Intent Sur',-iy for three nours per week (could he psychomotor

tins tor).

GAT ninstructlon moed T%.; GAT-it each In 20 Y. 20 foot room (air con-
Testing ui':1onod wi th a simpla .ry~urmA') . Two s-AllI

briefInQ roc.is. Staff to provide 320 hours par
weilit of in%truction (GAT and brief-.lebriofirg).
Th-i assumes wAxImum utilIzatio-. 0~ the
aqu.,'Ment.

~rdoc t rI net,. Adoquoat stieff ind visual a~ds to provide 20
hours per week of group Initructlon iond assess-
ment, Clow~oori to occonrnodate It c~a'idd te1.

(lass I Physical medical faciWty and staff adequate for 16
Class I phivsials per week.

A'titut's Chamber Chambar and personnel s if Ficient for procesiing
It candidates per week, Including orientation and
dos%.uss Ion.

I AI I P'his it jHcouing and iessing facl.1ii es for 32 candidatesj
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The critical question about whether & selectior. center *6tivity should or Implemented
hirngeS strongly on whether the center's operating costs could be offsat by savingis In UPT
training cost resulting from redtrctions In attrit ion. Air Trainkig Conmmand estimates are
that 16,000 dollars In training 40SLI are expended on each student who attrits.

A five percent raductlcn In the current student attrition would result In a training
r~ost saving of 14i52 dol lari, per graduate; a ten percmnt reduction would save 2W2 dollars
per iraduate; ard a IS pr~rcent reduction would save 3856 dollars per graduate.

If one assumes that one and one half times at rwny candidates must l-c assessed at the
center as the numnA? of desired OIPT Siraduatu,s then muxImuim-por-candidate arsessment
cotts cannot excjed $966~ for a vrva-percent attrition reduction; $1018 for a ten periaent
reduction; or d$2570 for a IS percent rae4uction.

For survival tuaining-UPT train-.1 sequciice rcversal to be ccst effert ive, slitibdly
Its-% the,, a three-percent &t'rltloon reduction would be requirad.

Tht available evidence suggests ti.a.t centralized T-41 would save 1.5 m~lilon dollars
pc, year.

ConclIus ions

The attrition rate from UPT c~ot'~nue-i to be a problem despite Its reduction fromi
previous levels through the Introduction of current screoning procedures. These are Je-
centralized, relAtlvp'iy skiple, and IflCAp3Asive. They should be retained and the effec-
tiveness should be evaluated on a reg)ular basis and strangthenti. as necessary, The
prese~nt system shoculd function only as a screen. y'olding a dOterminatlon of quaiiflic-ItIon
for adnissioin to a centialized celection facility.

Uvcatcd at the selection ceniter would Loe the centralized 7-Jil program vMhote complex
astcssment would be made of the examinees' r~ychomotor ability and ability to learn within
the flying environment. This learning ability would also be ossessed by the Uen4 of a lrow
fideoltiy simulator.

Furthecr medical evaluation% would !)a madc.; And finally, an attitude test and an
orientation PL~riod would deal witn the problem of setdf-irtintetd ollrination.

T'.. --. n would focijv on the dlssrsOmnation of real istic inforrination. re-viron-
i-iontal, expcsurc In ar, altitwdc chariber, and Intrinsically oi.Leresting Instructiol furr
pilots.

Successful cindidates wouuildentet UPT soon after selection. The entire systiem vi-Ad
~car~ cm5I5,including formalized arrangocients for assessing students'

progress thro...dl UPT an.d thiru'~hout thel r careers. flcsoarcl' and asseasrient will permit
ob~ective evaluation of tile fu'ture screenlng/seiection system and allow for Introduct'cQn
of riev.- and I mrov,.,d P-c,;urcs from time to time.

Aisace and Air Traffic Control

United States airspace utilization ,~-ieicy Is based In part on the Lonvnon use of Sir-
space and air traffic cafltro! facilities by both military and civil aircraft. Th~e growth
in clvil air traffic In recent years and the continued (gr.wth cxpected for the _.tureI repreierit an environmental effect which must be *ssepsed for Its ilpact upon, and implil.-A

tior's for, Future Undergraduate Pilot Training.
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Bxsut ors c~ut rInt trend$# tiva air trsff 'c control and airopace ijtlllza*ioniaf ofliderstso.,i

that car. tr virecta.1 to sffoj,. Future ')PT I srlgIfIcant ly In the 1975i-1990 t ime pooriud are:

1) Airspais congoet Ion

) Air Ira ilngn (o"~riand uoprating rp-Ilcy to Increase use of Put Itlyh,
cunt r.,jl

3) Luwerln5 of &lie high-altitude Pqsiltlvi Corstre1 Are# (PCA) airspace.

.Alsrio-.ua congestion u: the olubitant;Pi proportions Is already evident In the United
Igtistes t.1ttouuh somewhat locolised for the present In the northeast and at certain air

'114slo hill inootslfy Ind theUnited Sats)t iiiluneT utur0 Uvinerfurap-dlotr n thot suchir~
congestfron will proctinsif land e 11XJ)N4ii an XIIIlurL showthy nUh46itude ~thos Pr~lt Iro-il,
comes foFAprjions, Llerlng ofI ta u eC ntdo Aria1 alrsvc wae emagninued of thate qrcptit r.o-

tEli ATC polIicy to imcrease tile woo of roout lv controlIin UPT oparatoios,

X I I iianimui.h as .ilr-tu-air opfrretionis
VhLLfl Iare not present Iy n part Of UPI'1

FAA F~hI.CA'A7 Of' CIVIL AVIA I Wit FLLLU syl Ibuoilr lrsrd lnj Ineo prny fli.~tre
s- I- IIbu ~ )J ls o)I4i

Calendar Year ~nray the Air Iralrinv~j Coltoand. Onp oh

lyroo 719 1961 nercq~nt Interface betws.?n su4' UJP! urafret I (no
*111 . and tlto air traofflc/alroostacv envltun-

G~eneral Aviation 134,000 22'2,QC'0 6,7 rierIst, Aspects of tils piub~eii were

Air CerrIor 2.5bO 3,dt 3,1. / Inc~luded Its tite anitlysle )f airspacre
_________I j reu i rerain ti

TO tal1 13(.,!80 2 21 , 5.1' 0
______________111 _______0 AJui~nat I~ j.Of the ab0ve

proh'?er arjes last resulted :n a number
TAULL XlIi 0 Important cunclusiorus relatilve to

Future' UPlT uperat Iono and traiminot

FAA FOfiECA$T Of ALtINITY vehlicle equipmuent lns~allatiuns, Ilieso
(in fIlliouns) are:

fIiscal 'If 0 * The i'osilily Control Aram (PCA)
!-. I I I arspace floror It. tie 1i*turc

Type 1971 191 pritUndergraduate PI lot Tralinng

Aircraft Operatl:,nr at !,5 .9 170.1, 205 c" onirnit Net -vam.,Iral ho as
ir~lports witl FAA if' iI,~jfg,'a r c'

Trjsf I C~-)tul Tho developmsunt or pira. lei air-
insruriflt Uereion 173 3.1 O~ ",:* lus atscoclati, S~andard

Insturtrnt peraion; 173 3.1 )3 tInstrument Departure% i
at mirports ,it tit FAA tnadirvaRoo',il
Tow ri StnadorivlRuo w

constitute a contlnuilnV restr:I-

iFh& Aircraft Handled 2611 4.2.5 98. ilon to UPT operations.

by FAA Air koute I It Is lI kely that puotutial UPT

Traff ic Control Centers air-to-air nianouvorit training
(AR~c,) ~would not Involve allI-out er-j

counter practice, and could be~

Rc~ornpl~sheo aljovc t"ic PCA floor. In that cas'r It could be contrullic I tithe same rtannor

ustd ~or current acrobatic trdining~. Tfus, the troninU'~ 'my not Impose anly problems
regarding the availability of :-space.
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a General aviation will 'unwin a majftr factor In respect to the collision
threat.

0 With the excuqptlon of 4-,*ait~tude navigation taininn, the attainf-ient
Ct rCO~pletA rOlltlvf CC, 1/Cl Is feasible for Undergraduate Pilot
¶ rA) ininrag.inUP

0 ACollisionAviacSytm'A Is6irbeI Popain,
although ntell/jsildo adaecs-fotvns

Ito* oar../nevitgat ion d;splay system used In USAF operational aircraft
should Ii* used to fo~llitats Air Traffic Ccvrlral flexibility in
dosilnky loco) routes and prscto.9 areas. lipsc~il area/navigyation
display systems shoguld not tto requirt-1 In Future Underg'adusts Pilot
Training.

* 1i1 view of increassi.g ''tightness' In oil rspce availability, trainer
al-craft equlpmeijt (and design) should maxittilie tite pan..,,ii-ila
altituuje operating bond, thus affording vsnt~clai flexibillity to a
airipece allocation ani to air traffic control.

6 :*osrrucI, as trainier aircraft hanid-olff, to FAA facilities generalliy
occur vnry soot After takacil , the large majority of Vrouod rqulpmrnt

It requirsoo--nts and Irivestrucnts associated with airopace utilization fall
ta the fAA rather than to tie Air rorce.

a Aircraft noise Is currently ow problem :n the terminals of the iroajor cities.
The annoyat'- to people has, and will incraasintjlv have, thio WefAt 7f
widespread efforts to curb aircriift tiulbse Aloetem-ent efforts will occur
socon after en onso larrl judgments ora levied un the creators of noise.
It Is likely that In the years beyondi 19Y5 overflying population centers
during Certain broura will be restricted to essen~tial needs, such as
police helicopter surveillance.

The imodladito Impact upon UPT of effort toward noise ab~atement will prolhably coma In
the forrm of rusteict ions in tralining hours to perhaps the 7 All-1 Pl1 local tile, I t rMay
a I so resulIt Iin further coniootraIn Ing a Ir corr Idors to and f rom aporuvad t raleiI fig areas well
away fnont popuiat ion centers, Must current UP? Iasef. are In rural areas% vith low population
density, /,nd (fig maintenance uf current training areias should not bec a problaie. Therefore,
tie mvst Ilely If-pact ot the effort to contrfol aircrarft oilss on the Fututre UPT io.iIil he:
I) a pussible restnict ion ort the htours durinV which flying training viny occur, and 2) a
ij.,iii; ii;eo rastrcicOiii onr toot sodas whielh naioy hos overflown Mill Ic nroute to nnd from aopproved
tr-plnlin) arost.

1he Itout Irmortant. aspect of the airspace and Air Traffic Control problem concarr's
its effect on thee various Future UPT system options. Analysis of cach of the systor;
coptions v'si nacessdry to determine the apmount o.' airspace required for operation, These
airsamca rcc4uirenc;.2.. wuo.,ý then compared to preient day air,,pace requirements tk'pical of

an average UP! brise. All alr*b-cfj lImitations projecteJ for the 1975-1990O time Irarrie vicre

1ie result :;i this analysis provided the l`.:liL ji~iin conclusions:

a All Ftiture IJPT System Options could be accoire.,ý.'ted within thc airspece
cunneni~ly available- at UPT basits.

T.............. ............f.:I IV,~ I ;it ruLure UiP OliO ios (r a more
slripiIfiled aiorspoce and air traff ic control plan and perniodt reductions
In the nourniier of bai~is required to conduct Future UPT training.
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Otellea dtscrlptlon of the airspace roquircmerts ior each Future UPT systent o,)tlon
will bW Olven later In the report.
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FUTURE UPT INSTRUCTIONAL CONCLP! (APPENDIX E)

A successful training program must be Oased on sound Instructional concepts. In this
se..tion all of tht important Instructional concepts for Future UPT application are addressed.
t'any ot thesz concepts are controversial. However, It must be remembtred that thl human
learnir.g process has becn r polemic topic for centuries.

The Important thing to point out about all of these ccncepts is their shift of empha-
sis from th~e Instructional motif to the center of Instruction -- the studert. ProbaLly
the rwist signifir-ant change envisioned for Future UPT Is a commnitment to Individualized
inst-uction.

Thiis f.;urse of acticon was identified by analysis of loarning theory developmecnt. iL
Is becot1inC- Increasingly obvious from research efforts that while general izati(ns on
learnrgq (behavior adjustricrt) arc p-ssiblc. Vtie wniquenc,,s of the ir'dividual *j.dont's
!carning ratterii rvuijure, a sc,."cwibrt :It )d ie,;:ning environment.

All ov the concepts dese-ibed In this section are designed to provide this type of
environmntn. The first three concepts describe the overall training philosophy and the
iepr-nlnng ones are concerned with individual aspects of the training process.

Curriculum Optioýns

Pi. t trends in WIT curriculim development are presented to demonstrate the changing
o-ature of the pilot training curriculum. Air Training Comunand historical data for the past

'Lyear, period show %hbat the pilot training program has been In a constant state of flux.
Program changes traditionally stern from the: following:

"* A ne'cd for increased production

"* A training deficiency or frying safety h3zord

41 A nced for n... pi l't -',I I I;, maneuvers, miss ions

* A -iced for %cost -'edustiur,

4, Innovations In trainirao resu Zinn froa, research or onerationa: tests.

Undergradutate Pilot Trminino prodtuctioo rates ,rrd syllabu~s flight hours for thiE. 1959 to 1971
time perlcid are shown Ini Fir,-re 7.

Atcorcflng to ATC records. the general iztd IUPT curriculum evolved durirg 1959-11962 In
a period of low UPT proauct~on r-equirements. 1he previous program employeu a speciallized
curriculum utilizing T-28s or T-37s In the primary phase, and T-33s for basic flighter,
and 8--25s for bomber/transport basic training. The aging 6-25 fleet and the absenc-P of
a replacement trainer aircr.-ý Influenced the decision to *.'se T d"3ý for all 5aslc training
and to employ the singie-ba%" coýzz Tne rirst generalized syllabus called for 26k
#ll' n5 '..urs in T-37 and T-33 airr-raft. This p~ogram was updated wi.th the Introduction of
T-38 aircraft dur[ng the 1962-19~66 period. The 'Nressure for Increased pilot production
from available resuurcn% r,..ultinn IF-e. ph- 111~--m -''-'-*-uc tle

curriculum fromn 262 jet hours to 210 Jet 'I-urs sup'portct; by 30 hours of T-4! screening.
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k2140-hour curriculum was Implemented
SYLLABU iQ#4HT N4OUNS11 in 1965 and further red jced, for economy

4UPT MROOUCTION reasons (in A.,ril i970), to the current
208-hour UPT curriculum,

3260 This brief account of UPT evolution
I \ highlights the reactive nature of the

if5O UPT curriculum to external p-essurts.
24t is of !nte -st to note theeatc-

6 ship between avai lable resources and
02 230 roduction rsiqui-ements. As shown in

920,4 Figure 7, when p-oduction requirements
210~ were low, c-urriculum hour-, verc expanded;

CA and ;.cn- ' sely, as production rates ir'-

193-19 I~l? "V191200 creased, flying hours were reduced.

FISC~ YEARThe Future UPT curriculum will be
Fig 'r@ 7. Historical Trends of IJPT Syllabus determ~ined through the Systems Aprroach

and Produý.,ion to Traini-iq. 1, is the first known
application of systems engineering prin-

ciples to develop a UPT pilot trainir~j curriculum. Hopefully, the '-.ture UP? system will
be developed arid validated to the PAtent that the curriculum will not be sjb.:ccted to the
changes it has experienced in the past.

Pi lot Trai nIn-g Cnet

It is a necessary fact of life that continued training is a coreer-:ong process for
r rorce pilots. Even the -nost experienced pilots require addiitional tra~ning to transi-

t~i to a ne a;rcrart or to a new mission. It is for this reason tnat the luture ILJH
curriculum must provide the findamental knuwledges and skills that will orepare the graduate
for additional training, eithcr through forma; advanced courses -r operational unit check- -
out programs. The Future UPT curriculum, it- addition to Imparting basic pilot skills,
should provi,; as much operational task-oriented training as possible. The degree of task
oriented traihing employed produces the classical dilemmei over the p'.lot training concept
to be enloli.,ed -- generalized or 'nclalized. The niajor difference between the two being
whvther tne Qrad-ijate Is broadly trn/ned to be as~igncci to any aircraft category or Is specif-
ically trained for a particular categ.)ry of aircraft.

'nencralized Curriculum Features

The *:urrent U!PT prcý3rqm is the only applicathid o~f a gerieraiizeci curric~uiurr "or
uindergradiate Pilot Training by any major Air Force. The current training pr'g,2ram wa5
previou~lv des'.ribed, therefore, only the significant features of the ctirriculum
are summawrized hzre to i;lumln!,te the curriculum and graduate qualifications. The same

* curr,culum is conducted on each UPT base. Studer-s receive all training on a single base
whicii enables tten to conplete pilot training without Zri Intervening Change of Duty Station

*(PCS) move. A' st-idents receive Identical syllaLus training and are reqiuired to riep.t the
sr,-r!n'rliniiiuni stariards of performanc~e. This, hcx'levor, does not produce graduates o' equal
capability. SIiidents are crouped accordinoj to their relative standing in the class a.1d
then compete for the most dnsir-ible assignments based oti th'ýIr ability. It has been
necessary to orient the program toward the fighter mission in order to train graduates for
the r~ort devanding of ,4r Force missions. In gci.cral, the belt qual ified studenzs choose

fighter/-,ttackc type rc...ft,

r(rr-aJL.ates are considered "universally a,,sij,nable" to any mission a'ircraft, althoughd
In pra...tici', graduates are assigned (by an assignrment council I n traininn noritem-16 h.,i-.i

un their relative class standing and their stated preference. The general ized curriculum
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pro'~ides qualified pilots for all USAF mkesion elerients, providedi that graduates are assigned
s.'ýctively based on mission demands and Indvldual Oradua~e capability. It Is significant
t.. roie that this systemn depends on a distribution of ass lgi'ents in order te work. It
could i~ot, for example, support a requirement of all fighter- assignments for one class of
UV'T graduates. The drop In quality would be ifr-iedietely apparent to the CCTS units.

Specialized Curriculum Features

Spmcialized curriculum patterns are employed by the U.S. Havy and many foreign Air
Forces (RAr, Frencl-, Italian, Canadian, Japanese, andJ Russian) for Undergraduszc -Iilot
Tra ir~ing.

Specialized curric-,lum are normally designed to provide c.Iyr.an primalry m' In 1g1
for all students. '_tudtnts a ., '.4cn divided, accord~ng to Irdividual aptitude an. motiva-
tion, ýo be trained ;n separate- trac~ks for fighter and transport/bomber. The v'jit ple base
concept, whereby different bases are used for primary ind basic training, Is ofter. used.
However, the single base concept could be employed If the different training aircraft have
similar performance characterist~cs. Specialized training can :)e tailored mare specifici.lly

to mission requiremerts. Hlowever, this must be done with aircraft which have beer designed

and transport/bomber. Specialized training offers a ge.-A potcntial to develop skills that
will enable OJPT graduazes to more easily transitior frori UPT to the Initial advanced Combat
Crew Training School. If subsequent crosstrairinq to iw'other cate,.ory of aircraft becomes
necessary appropriate formal CCTS training would be requidrd.

Candidate Curricolum Pdtter~iil

After a complete analysis of the aiternatives, all UPT curriculuri options can bc
reduced to the basic patterns depicted In Figure 8. T-.rjo of these represent the gJeneralized

F' ~to be dcerivatiuns from these basic approaches and had disadvantages that could not be

r oi I cd .

SINGLE PHASE

PRIMARY utiPSE BASIC

(a) Geniraiizelu

BASiC (FAIR)

PPI MARY

BASiC (ITS)

(b) SpcciallzeJ

iý 5> Future UL~r Curriculum Opt lons
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Phi~luophla T.; C ncets

Basic learning theory has not changed &Ilgnii cantly In the past- two decades, and
prrsently acccptee principles are In large part based on car)lier theoretical statements.

Learning refers to a more or less pcr'Mnnent chance ir bihavior which occurs as a result
of practice. it Is the process by which an activity origindles or is chanq;A. through
training procedures. Although these and similar definitions of learning are generally
agreed upon by authoritie.. thz pract~cal and theoretical ramifications of this conicept are
so extensive that many men hay, devoted their lifetimes to th., study of learning, 'ry
early work concerneci the characteristics of remembering and thl,"'inq. Thif. was called
ass.cicaticnisni and evolved through several approaches to develof a traditlcii of Assoc~a-

tionist Theorj. Later work was concerned ~.ith observable be..:Jors (respnn~e) dth
causes of the behavior (stlouli), This work is the basic Idea o.' the Stin.o! i-Response
(S-R) Theory. Cogniive-Theories are concerned jilth the perceptual environment and exper-
fenced situations In whIc% learning took place. A fourth area of emphasis was on the
learner himself and draws _:in theories of Personality and motivation as a basis of Ieariing.

It Is crucial in the understanding of learning theory to realize that the theorist
worked, within Independent laboratory sItti,3ons, studying various aspects of learning and
behavior, only later were their Individual findings grouped Into theories based on thc
coownonailty of their ifiterest! and conclusions regarding behavior and ieafrinr.. io.cer,
the scope of any Individual's Investigations may cause the conclusions to overlap with
other theoretical categories. All of this~ ser.'es to point out that there are no universally
accepted theories, laws, or principles anu tme following categorization Is only, one of many
schemes that, can and have been used to look convcnier.tiy at this vast body of accumulated
knowledge concerning learninj arid to extract from It principle~s that have practicAl Impli-
cations for future Undergraduatt PiI';,t Tra41iog,.

The results were grouped under '.'ur rajor types of learning theory: Associationist
Theories, Stimul I-Response Theories, CoyrItive Theories, and Motivation and Personality
Theories. Theories of learnin-gare systematic statements of learniag principles that
embody philosop~ifcal training concepts. In order to facititate application of learning
theory to Future IJP7, the major principles and concepts are listed under each learning
theory.

Association'st 7hpories

The carly psy-.ologists (or philosophers) did not stArt with the process of learning
but wit~h the cliaract,:rlstics of rteimebering and thinking.

Assorlationist psychologists developed the termn "menr.ry span," and from experime~nts
developed the concept of the learning curve, a negoitively accelerating growth function that
accurately describes horw the learning process operates through time.

Impt~rtent principles drawn from Aisiuclationist Thcories are:

* Ideas can be combined based on s.imilar~ty, contrast, and contiguity.

* Complex Ideas can be formed by putting toget'ier iimple id--as.

o Simple ides m,.st be discriminated -- separated fr-.rn the mass before
they may b& coi..binel.



A
SthimulI--.%onse Th-eories

These theories about how learning takes place are based on tht. connectlon between
Stimuli and Responses (S-K pairs) and stem from Ihyslological res,,;jrch.

lbehivlorlsr., also called classical condit!onlng, was born when tie Rustit'm 0hyslologist,

Pavlov, ,eported his famous experiments dealing wit'i the canl;ie salivar,. reflex,.-s.

The Important facts derived from Behaviorist Theories are:

we are all born with basic S-R pairs called reflexes and we can learn
by changing these S-R oslrs (conditionirg).

0 Law of rerency -- tie student will rvqmember his last response, so stop

when he makes the correct response.

* Law of frequency -- repetition ,ýnd practice strengthen S-R pairs. Frequency
cf repetition Is still Impo(rtant In acquirlng skill, &nd in bringing enough

reinforcenvnt to guarantee retention. One doe% not learn Lo type or to play

the piano or to .,pFak a foreign language, without some repetitive prActice.

* The le-.rner should be active rath.er than a pass.ive listener or viewer
"he S-R theory emphasizes the sigr, iicance of che learner's rcsponse:
and "l,;arnlng by doing" is still an acceptable slogan.

Sme theorists were propcnents Gf Reinforcer, nt Theory which still depended upon the
S-A pairs Eo explain learning. llow%.ver., the res'or•ses they discuss are not reflexive,
thiey are voluntary refponses to the stimujlus. The desired response is rewarded (reinforced)
to torm the S-R pair that constltvtes learn:ng.

Baslcaliy, this Reinforcemrent Theory has established the groundwork from which mechan-
irAl aids for training, such as prograi.v;id Instruction, teaching machines, computer 3ided
instrjction, and natooatIc 'ult;Hcdia have developed. (he Important facts ve Jerlvc frorl -4
Reinforcement Theory are:

* The learner I-- ictlve, not passive.

0 The organis-.i 'ust be capable of ',arying rrsponses

a The toLal a Citude, or set, guides learning irid also determines what
ic satisfying o," Pnnoying.

0 There are predetermined elements which bring about selecive reaction.

a Htew sltu•tions a-e rescndrd to in terms of similar past situations.

* A rewarding state of affairs reinforces not only the connection
but also raany reighboring ;onnections Lhat happen to exist.

a The instructor seeks tL c:reate a situation in which the correct

response Is likely and then rewards it.

* Reward serves to fixate the last response because It ends the activity.

a The learner Is In-rnhe. of his success or failure.

V The biggest practical pro,'em is hoi to, get the de;sired iespotise,
initially, so shaping mat L.- used. Tnis means ycu pick a response
close to the desired one and reward 't, then build step by step to
the desired resoonse.
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r!
Drive condition5 are Important In learning, :ut all personal-social motives do not

conforrm to the drive-reduction principles. Issues concerning drives exist within S-R
Theory; at a pract'cc.l level it may be taken for granted that motivational conditions are
impc-rta.t because they determinie the presence of movements which get associated v~lth cues.

Nod.rn instru,.t lonal technolcgy leans heavily on S-R Theories cc learning. These
thec ries 1,ave greatly contributed to the understanding of the trainin.j process; they have
resulted in the development of many educational Innovations, such as the use of behavioral
che•ctives task analysis, programmed Instruction, adaptive training, and instrw.;ented
tecnriques for the evaluation oi performance, to mention only a few of the highly v.iluable
contributions. liowevf r, it wouid be mnad ,!,ablc to apnpy only these approaches to the UPT
system concept. Total in,-.vidv.llzat~on a.id automation of training, beyond having dehuman-
izing effects cormpoundet, b.t tnr hrjhly stressful task demands could adversely affect such
thinns is washout rate, mctivation. and UPT System adapt;bility.

Cognitive Theories

These thecries focus u, cha-tfs I.: .-. rrcrp.ion and experience. According to these
theories learning is the ucvelopme••t understanding and insight; not cliciting or rcin-
forcing responses,

t ithmn the cognitive t.'eories are scve J, subtheories. The prinary outlook is escab-
lisl- :Gestalt Psychology. basically, Cogr, i ive 1hcur/ says tiiet learning occ,,** tOcn
the .:,:t,lus, response, aa,. rcu:ard fort, a gestalL (iicaningful •:holc) %:hich changes the
situat on, i.e., insight. The cerphas;s is on J:!iat a person ur'Jerstanas, not %:hat Ic does.
This J(trstaiiding, is basec on large sections and patterns of life, not the little ,:iec's.I'sycimo-soc;al environ!,cnt and rihysir.al environricnt both play Important roles in
deterriinirg, the etfectiveness of train.,g. Insight .s tht furs.dtion of a new pati.•rn.
oraai and error is a series of snail partial insights. Each new discovery is facilita.!d

by experience.

ThC te;m "Gestalt" cieans forr or shape, and more broadiy, r-anncr or cvr;n essence.
Gestalt t•i,'', ry differs significantly from Associationism and Behaviorism in that it relctes
perception to learning and insinht. Gestalt Theory assume, that laws of perceptual organi-
zdtion stich as similarity, proximly, .. iosure, ind continuation also apply to learning.
Principles cnphasized within Corrictve Theory are:

* 1ihe perceptual ieatur..is according to which the probec.. is displayed t')

the learner are impor-ant conditions of learning (figure-ijround
relations, d!rectionai signs, "'what-leads-to-what, 'organic ic.ter-
relatedness). ',nce, a learnin-, problem should bc so structared and
presented that the essential features are open to the inspecticn of

the learner.

"* Learning is closely related to perception; thereforc, the perceptual
environment shnuld be clearly recognizable and understood by the
trainee if effective learning is to, occur.

" The organization of knoi..lecdge should be or. essential concern of the

teacher or educational planner. Thus, tht direction f,-om simple to
complex is not from ar:itrary, rmaningiess parts to meuningful

whole, but In.!ead, froi simplified wholes. The part-whole problem
is, trherefore, an organi.'ational proble-i and cinnot be dealt with
opart from a theory of hot, complexity is patterned.

CLrtain *ypes of learning irvolve a thinking out process based upon

past experience; therefore, as training experiences and materials

are pre5entcd, they shouid be cognitively, as well as termporarily,
tel 'ed.
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* Select tasks and activities suited to the student's b•ekround.

€ Z-tress cco.-n features of tasks and present them in comnion sense units.

* Entourage students to look for roVstionships and anticipate consequences.

4 We ilar, .v achieving understanding and this is more permanently and
more tranlfe,.:ble than rote learning or learning by foriuia.

* Goa! setLing by the izarner is Important as mrotivation for learning
and h;s 'Jccesses and fa;!ures are determiners of how he sets future
goa ls.

O The learner shOLid be aware and understand the overall goal as well
as the yoals of each small step in the iearning process.

"* Relate tasks to indiv!du-l goals ar? needs.

"* Teac.h, student to interpr-t situatloos and hov to get from the present
to the goal.

O Cognitive maps are inner routes to your goal.

a Divergent thinking, which leads tr- Invin.ivz- solutions of problems
or fwo the creation of novel and valued products, is to be nurtured
alor. with convergent thinking, which leads to logically correct
?nswers.

motivation and Personality Theories

These tLheries are Freuý*,zn iii nature and are clinica;ly based in their formation.
T:,ey concentrate on the nature of the lea,,, r himself ar,d :he "self" aspects of trai'ling --

self-pacing, self-moti,,ating, sel.-activizing. They try to Iri2, . : -z. '- , rorinntalIv

derived liws of learning close, to the compl-x '-ehavlor actively exhibitec by hMean
learners. The psychoanalytic aspects of• Frkud -, work have found suoporters in the field of

learning theory and warrant mention because of their ability to deal with the dy:ia.ics of
human behavior.

Principles from Motivation and Personaiity Theory:

* The learner's'abilities are imr.nrtzr0L, a•rd provisions have to be madc
for slower and more rapid learners as --!c:l ., for those with
specialized abilitie.

* The learner must be understood in terms of the influences that h.,ve
shaped his developme;,t. We learn h! having our behavior chanoed.

C Lzsrnng is culturally relative, and both the wider culture and the
subculturý to which the learner belongs may affect his learning.

* Anxiety levei )f the individual learner may determine the beneficial
or detrimental c'ffects of certain kind of encouragements to learn.
The generalizatkrn appeart: justified that with some kinds of tasks
h1igh-anxiety learr.er3 perform better if rot reminded of hcv' wpl! (or
poorly) they ere dcing, while low-anxiety learn-rs J;• r !tter if they
are irterrupted vit. courent5 on th'-. progr.ss.

* The sane objective sit.uatlon may tap appropriatu motive% fnr one
icarner and not tor anotl-er, as for example, in, the contrast betweer.
those rotivated by attiliation and those rmtlvated tay acnievenent.
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41 Conflicts and frustrations arise Inevitably In the process of
learning difficult discriminations ar~d In soc~ai situ.&tions In
which Irrelevant motives may be aroused1. Pe.nce, these have to
be racognized and their resolution or ace~mmtdation provilded.j

"* The organization ot miot ives and values within the Individual Is
relevant. Some long-rangi ?osak affect short-ronge activities.
Thus, college stidents of equal ability may do 1,etter In course$

perceived as rele-iant to their rojcirs than In t cowe perceivedJ as 4
Irrelevant.

"* The group atrnospiero 1vf learning (competition virsus cooperation,
auithorltairianis:ii versus *'crmnw-rac-, i.7dividual I ic-lat ion versus
group Identification) ,jlli ff~tc. s..tisf~rtion In learning as v~isi
as the prooucts of lierning.

Sunmmary

it is impor td.K , '' m learning theorles to keep iII ri-incJ the objective of clies-
cribing a theory of lI~rning In the first place. Tinifi!:! list discr'bes tile retuie-o
rnents for an aidequate theoreml of learning:

"* It must help us understand all process5~s of hvmrli 'earning.

"* It must extend our undcrst--:'rding of the condrijens or fo,(.os
that stimiulate, Inhibit. or affect learning lir 4ny way.

-.t ut enatile us to mako i- asisLidily accurate p,?(dhctico- i'out

the outcomes of learn'ingj otivity.

* It 'nu-t he a source nf Ou ~ea, clus, ar.e! c-,,ý:vpts that caCi bc
CJV;- LOimprovea training.

* It riust be a source of hYrotheses or Intormed huonch&% about learning
Cloit can be tested through clasotrotom experitrmntst ion 9r.0 researcK,
thus extending ovr undorstanding wr the toach nin- , earn Ing process.

U51nq tnis Irnformation, an eclectic approatch c.at oe 'adapted whi~c' ?.,keg fuel advantage
of all app!icablt therc~reticul toncepts by chcooslnUj the first fror, ezcli. lo 0-i l'diy,

learning chcory. Iirstructional concer'tl, training tiocinology, tunt training ip'uip'imnt 4an be
Integrated throu~i' the Systemis ApprQ.,ecI tcp Tranir.-i tro fcrfiv tia kest posisbia .;uturm UrT
sys tern. it will Ihe noted that many if the concepts identifiedj I.. this sPectlion &',I appliev
to tI.ý trairrmn~ sys-tems describedJ for Fuature Undergrardo.te PIllot Tralir~r..

jysterils A!,2p-owh to 7rilni'',

Tile tet-n 'Syster's Approach to, Tran mi n has generaiod .- ~rrct r¶5tt 1 qua i-;1110 I-ats lod
re',i potential users to eltheir av.,ld tie u-(: 1)f tile M'hd V.- r to cicir) cov 110.s
bpi~,efits as a result a' applicatl')n of the0 lachurquo tc. thel, ' virticular pr7.~tl-. -. lever-

the less * the sys tems approach Is wie of the most sign f icankt re,1,IngVV~ tie pi-vswsIt5tl

recernt decades. it Is tainti ernpi.yed to design thle totalK'u UI'7- fsýtlw isn.idin.) lthe

cuir-cu'l-J, instructicoial concepti, tf:0nIngj riodia (classi-Vow, ln'irr-icv "t-tar, cockpit

procedircs trainer, fli'ji-t sifiviluor anrd Lrainer uircraft) . on. ' -0~

Tle ýystc'.'s Approa,;.i is a prc cess for planning~ anid desltijr.- a lti ClI,1r,-la ~il
irrvi tunlint . A variety of t it. ics are used to refer to the 'rtitfiouoloý-, Aisonlý tI'ijie art



r tr.,Ktlonal 11ystem Developrwent (ISD), instructional Systems Englneering (ISE), Oid
sys tormt A ppr usch to 1 r I.lIiog (SAT). (SAT imill be the acronytvo .,ed for the r ' -dor of
the roip-,,t . ) O'der the concept of SAT, existing tra~mnIr( tprogras rion bc rni, .-siired and
n&-- prout4rm 4sovaolped which~ ensure Oiat iudoints acqui re the juu.'formance a~l IIt Ics re-
quitod for future Jo~,o. Thit does nQC Iffrf-y Chat or, antlrciy new corcept of adu~cclon end
training lies teen deovloped, I'ut a new mbl-agallerut methodol-,gy hIII beer Applied.

PaveV 1 opsliit

livch of what Is I~oi As the IV tern. Approac~h to Ti~ir.Int (:AT) ;iad Its urlyi.os In
wuiak Cond-jcted tond funded bV the United Statms Air Force. Tr-i; work was in~tlatsd on the
late 1950s asnc early 1960s and has contintlesd up through the prisnt~rt hoviver, thes airline's
wenj first to demnonstrate the spp~lcotton of this technique to pilot tralining pro~jrrnij.

In thr brief history of W A1is found "mey e6oiicatlont of the approach to debign Uf
@e..polprnt or layouts of worksrpacolefs. rag, In Ws' bucil, ' P chojlogkl PrIt.icp los In

tý avy-y,"indicasted the varlois upig at...piciui~~,t1T1irJt as
tieo oytttsms Approach., ror thc Pout pert, 'ari . bu.,k Is based upi,ri expbrqnaio ~sacoulred

I~. Ir .wrklnfg fur the Air Fo~rce, The first 0i . rts tcrverd IdontI,'yriuj loAT were firitieted
11% 1i. ri- 196O 1 lY the I roaiir I ee toIn a 0,h 0 1iv Is Ior a t W r Ight-Iettw r son A Ir Frvre Oats , I n

connelction with this effort, several doulnients have boon published.

I.I6,two 1 rein I j Psychr~o'jy Draticii pubi Ished a documinit I ..'ntI.fy lg the rmetihds
.id usas of task analysis Informa~tion ;n dur!viny training r4,4uruhlents end training equl.~
fen t . Thil tlowuw-t furnished thciitla meJI1 nthodology for af.plyIrlg the sy~te"'is approach to
uopratlor,~i training protileris,

T-ie to'p'i catu ic~iof tior systehs~i approach to ti'e planriln',, and developrient of an I fioto c-
tio~ai syltate iIt..,Ives ia..reo the.o Clio was w( o~urrent innovetior's in trailron'j moed,* and
tLeading to-ilrhiqU1111, Careful cv''iderstionr, "Jat be gilven to both current arnd future f,o-e&,s
wihetl idsontifylrg aold fp.int..;ng Instrac~tional activities or experiences, end whini Islerntitylil,i
Instructional v-edium, equ~iwrir, &r.4 facilitibis,

Itiornof~rn, arprlyin'j thu. bys tiins App'roach to Irtoining In Instructional systerin dvvoeiop"
P-ent Is th #orderly process of 1) 3siiiaring ond Anaiyginill Job rirfnrlan4noe requirer'er56,
7) translath-i' Job ferorloftuilc recjuI romots Into behav111cuior. 1-5 tatsod learning oi.jec~ ies end
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The results of this effort have been outstanding and lend cons ie-able weight E(, 'he
app] i.:abil ity a' the SAT concept for the entire UPT p rogram.

Surw'y

Increased efficiency of training programis can result from use a'F systems techniques.
One way to avoid overextension of an operating budget Is to make a careful study of the
program before proceeding. This can be accomplished through systens an:;lysis. Components
can be Identified which might serve equally weil for tato or more t.osystemrs. Unnecessary
duplication and redundanc~y can be c.at.

SImiproved planning c-. be achieved through systems techniques which brir'g Into consid-
L erat~on as many relevant aspects as poss ible and focus attention on ictining coals and

m-ethiýdc for approaching goials. The application of systems thecry calls for bringing
togethier Interdisciplinary specialist tear-s to aralyze functions, whosi'. Inter-relationships
art! qui to conipl Icate d, and to formulate comnrchens ive plans based on analysis.

Annly; Is teci~niqucs might lead to system design modifications permitting use of the
.. m equi,'ricnt In both subsystems. Costly errors in structure can bc circumvented by be.ng
alert to potential trouble spots in the~ system. Appropriate sensors can be built into the
syster' to detect weak. spots.

Trainino Rte

A propnrly-paced and -sequenced syllabus of Instruction Is absolutely essential for
cfficlent pilot tralir.H, The rate of trainInQ Is stronrlly influen~ced !.',, the length of
each k~arnirig session and by the numbecr of dltf~rrýnt sessions a student can Assimilate In-
a typic.i tralining day. This Is an extrtr~iely coripisex relationship because of the large
n~''iicr of variabiles invulved. tiotIvation, motor i.belitie~s, Induced fatique, task comn-
jlIuAi ty, arid roquiurcd livrforriar.r-c lovejls jr: o;ily a fev, of the factors to be cois idered
In svtt lil a puc for tralriiii!J

lIn Hilvt Traoilnin, sevinritl t~i(,io,%, otiucr than the perfurictory perforrioncc of tht re-
it. rlod iearsi'ini tafk, iiu,.t fir c-oruiderts,. Ilicic fa'Ao(,r. lirclude riki I retention, a rtuaon-

dsI cwitaor that the student ojl I have soriu ivalIlabie capar. ty to cope with the unexpcctied,
Anil Il Iu1 , iiity to sliruiJa~ hii o t tent iii over the L~ruadcr a-r'uec ts of the task.

iiu djuvelop'it'r't Of (-oPIrI'J AI,I Ii y, or cap.1city for attcnti'wi sharingj, Is shoviin in
$;,, .... .. , 'v ~~' It, It I-, typir(Ai ahovwlli sj ripid Aocc'.lirati''n anid
tim slo'ly Ieel n.1(j j)ut at s's-e rierl'urru'ia I olvuii . II'; Jetorec-of awisarnuss -.urve is shown

at da~roapliig at a Wil, y con'itant r.-to over a period of timie.

fur exan'pla, %,iin thea student pilot firbt. fbeglIn ristructlor In turningj tiei aircraft,
lic vory ejclIbcortaly And leiiCint luv s, thinks ot ijoviný the. sti(Jý Ir the dire'.t ion of the

dei ad turn, ared art' ly Iivj rc'dder arid Itack piressure unit il tfe des IridJ efac t Is ichl evw'j.
Til sic t V'JflulIros his~ total at otent oi.. As h:% I ,. ot Irig .kill dove ba,. the degree Of Lon)-

3e c'. ,'aVanOst LUFIrtei I ni thy rpuccIf c ect ioois reqciirtud to turn tlhen al rci aft devcreaiecý
/dditluoial Ilia afid pr'~ietlc raleV-: *' ne pror'abs to 4n altiost lubco' ~cious, level, therebty

peiri iti Ito dividet hiI attaiitlur, end #I,^ri It uith othat dei'iandis, This pro.:rss Is a

M#cci turaiit Ufil train hr u ratrn wai% ,'s'ai~l liaod dui Iriti a pat lod whrn theo ai rcraf~t was

*iaivt tht vnly available tralriruf riendlun. to tie iiKri' recent pnot (htl 7 ),tint grounid
traln log sysi to'ast vistl I,' Irovod ti'rou'jii trits april cat Ion of Instru~ctloio~~l systar's con-
Lfll Is It, tie LhNSSriUP1 ariJ 1116 planned Inriularientatlun uf niultlniedia learriin'j codters,

1',u~t~,.a~i ii,.uaa'' art- heer..rtilig available whIl' Loll Vti I zv iWround traltnng to t'sttzr
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prepare the stildent to realize
I.-SKILL ACOWsSITION OR the full potential of his

LEARNING CURVE aircraft flying time. This
Improved readines's for train-

Ing can contribute to higher
training quality If sufficient

I LE CAPACI~TY lapsed time-between-aircraft
(URAT AVAIABLEsorties Is provided for student

Sa- AIT preparation. The current
.ýAP~i~ytraining rate Is shown ir.

A'iARNESSTable XIV and two other UPT
R' CUIRE FGPT 5Kcourses are shown for comparl-

PERFORMANCE son. The average daily
cockpit-hour progression rate

is tiie number of cock-Ot hour,
th-at are required per training

TR~iI~i3TIMEGROND SIN4LGHTstrument trainers).

Figure 10. Developm'ent of Attention Sharing Abiiity Teefcetcpblt

~ thn aLeaningb~ierincefor !aunching trainting sorties

and the historic tendency to

TABLE XIVmeasure student proficiei-ncyTABL XIVand progress by~ the number of
flying hours has driv.zn the

COMPARISON OF CURRENr SYLLABI student training rates to

_______current levels.fCourse Daily The~ training rate .;f
Flylnci Length Progression Ra~te current and past UPT programs

Syllabus Hours (weeks) (cockpit hsours) was, therefore, derived pri-

P-V4-A, pril70 20 531.36marily from operational factors
P-VLA--A Apil 7 24 53 .36rtther thcn lebirnlng consider-

P-V4-AApri 71 208 8 137 (urrnt) ations. The method for
P-VIA-AAprl 71 208 48 137 currnt) developing the training rate

_________________ (Special) __ 188 _____ 48______1.3 _____ for Future UPT must consicler

P-V4-A,(Speial 188 48 .36the learning process and the
____________ _____ -- actual time required by the

average student to s:cunpi ish
syllab'ss-directed training objectivei. Tfe methodology adopted to determine the best
training rate for Future UPT wds as foliow.-,:

0 Curricuium hours devoted to training sessions In each training media
(aircraft, flight simulator, cockpit procedures trainer, classrocom,
etc.) werc determinco for naximum learning. This analysis considered .

fatigue, stress, attention span, safety, tack complexity, and opera-
tional factcra associated with each media.

* In additio'n to the currIculgr time devoted to each tjilninig session,
associated noncurricular time for student preparation, brie'Ing,
de;)riefir~g, transit, etc. were derived.

a This process will produce the total c(. .k hours (c,,-ricular and
nuncurricular) required for the averagc student to accomplish all
syilabut training. These total hours can then be translated Into
training days and total course length.

The ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ., fn'~a I r n ar i tIArIn-r n k ,uurs were apiied

to each aI'L.rnatIvC UP7 syllabus to determine course length.
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Noncurricular Tr.-% total number of

Trc.IrNng Pee'od Hours training oat: required for each
Tr- nln.Peo__Hors . alternative syllabus is calcu-

a. AIrcraft Approximately 1.3 hours 4.0 lated by summing total curric-
ular a~'d noncurricular hours.

b . S im u la to r 1 .0 to 1 .5 ho u rs 3 .5then di n g b ei h wic h
then dividing by eight which

c. CPT I.'; 1.0 represents the average student

d. Academic 1.0 1.0 duty day. For eoample:

e. Military 1.0 1.0

curricular hours * noncurricular hours total training days.
8 hours per day

The above method applied to the current 208-hour UPT program produces the following
results:

72 .curricular hours + 1244 non:urricular hours_Z hors pr da 246 training days.|Jhours per day

Direct comparisons between today's UPT program and Future UPT can be misleading due to
the Idick of flight simulaction and multirmedia learning Centers in today's program. liowiever,
this formula. applied to thE. current UPT program, would extend the current program from
48 t. r2 weeks.

In summary, 1ucure UPT scheduling should allow for learning factor -is well as opera-
ticnal factors in arriing at a training rote. The resulting increase in course length
will Improve student quality by allowing the student to be better prepared for the training
he receives.

Student Evaluation

The assessment of pilot performance In a traininrg environment Is a difficult under-
taking. Flying involves a large complex of proceoural, judgmental, and perceptual-motor
activities which comolicate performance data recording and Interpretations. In a complex
system, such as the modern aircraft, the greater the number of Interacting elements of the
system, the lesser are the chances of deriving easily Interpretable and ,eaningful perfor-
mance measurements. The persistent problems relate to basic Important questions: What
to measure? When .,, measure? What criterion to use? The traditional methods of flight
performance evaldt,on have relied rather exclusively on subjective ratings for Individual
maneuvers. Es'entialiy, these methods depend on the Judgments of experienced pilots oL-
serving stud'.nt performance. This subjective type evaluation Is the performance measure-
ment technl.lue used in pilot training programs today.

,,Ithough this syitern is d workable one, It has many shortconings that are inconsistent
wit. thi r•ajor trainirg goals Iden.f!ed for Future Underiraduate Pilot Training. Such
concepts 6s Individualized trainirg and proficiency advan'cenent cannot be fully implemented
vithou, an Improved performance measurement system. It was determined after a thorough

rijq- uaf • .... .a iaL an overali comuiiriienrt to tully automated perforriance
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neasurcrment should be made. A performance measureri~nt systrem based primarily on subjective
cvaluation by a human observvr cannot provide the v.ilIdity and reliatility necessary in a
-,ysterlitized training program.

l~avinq made this curinitrient, it is ne~cessary to qua] fy certain 0spects of It. First,
thc human observer will still be pirt of the ev-'luation process and will be required to
make thosu iudqrnents tl'iat do not lend themselves to autiomaled measurenent. Second, the
autonated systoii will be an evolitionary development that will be the product of on~jo;nig
and projected rcsea;ch. Fron these general statements. therefcre, the development pattern
for rcaliz~ng the (,-al of automiated pereforrian,ýe measurerient t-merues.

Lertain near te'-i measures ;hould be taken to iriprove the present subjective evalua-
tions systerii these maeasures are:

0' Lxpand the presentr 'Fur level grading to a seven level scale to
ir~prove the sensitivity of the rfleasurcreret systemn.

* Add to thc prcse~ic qradding systen a rcquiretient for recording the
number -if trials a student performs to reach the req~uired skill
level for the vario~us trzining rianeuvers. This will provide addi-
tional sensitivity for the r-easurement system and -Illl be an aid to
structuring a program for proficiency advancement,

0 Provide alos to the observer to Assist in the recording of perfor-
mance. Audio recorders should be provid,2d for all training air-
craft, and the current research on the Audio-Video Recording
System should be continued.

* Provide more detailed performince criteria definition and an
abbreviated checklist for observer evaluation ose.

All of the above measures will provide an Increased level of reliability and sensitivity
in the current perforn'anze mieasurem~ent system), and arc compitible with the direction of
developrient that measurement methodology Is expected to take. However, all of these irni-
provericrnts still ,Iill be applied In a rieasurerienit systeil based pi'marily on subje,;tive human
evaluation.

The major shift to oLbjective, automated performance measurement is expected to be
achieved with the Introduction of the siroulator. The research project-, presently planned
by tlie Human Resources Laboratory should provide the necessary validation of the criterion
performance for each of the training maneuvers. In addition, It will be necessary~ for
flying training personnel to devote considerable effort in support of these research pro-
jects In order to Identify all training tasks In behavioral terms and to specify thc
varlous tolerance lcvels of performance.

T'ie Initial application of objective performance measurement using the simulators iwilll
provide the necessary experience for declsiuns cn furthecr research ano validation -- always
mo-vine toward the qoa) :)i z.jtomated performance for all plia~cis of flying trainli~rj.

Student lianagement

The del.re for an effective management system that recogjnizes Individual student
abi lity is universal, Trhe civilian educationfal conuiunity has tniken many ster)! In recent'
years to establl-,h progjrams that recognize Individual student abilities and allow students
to pronress at their own pace. Somne of these methods are pcsslble only becaiuse of technolorny

* ~~application In the form of compnutrrs end -~odye.the military educators/
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trainers hays9 pioneered development of meny of these devices for ir.proving training.
however, the methodology of application In the military Is usually one of Improving ovrraii
training efficiency and not one of Individualizing training. With the trdilring devices
env-sioneol for Future UPT, a completely Individualized training arproach should be.. Gun-
sidered the ultimate goal. However, because certain problems In this approach have yet to
be resolved, Imrmediate application of complete Individualized tra ning Is not possible.

An alternative approach -- homogeneous ability grauprng and larlable tra~nIng rate --
was identified for Immediate application. It prcvides an Important first step toward
completely individual lzeO training.

The approach used to apply homogeneous grouping and varicbl, training rate will be to
plan the averalle and manage the extremes. Figure 11 shows the cirve of normal distribution
with the breakdown of percentages that willi be used as planning factors. This curve Is

used as a start'r,; point becausp behavioral
scientists belh've that many of the traits
studied by edu;itors, such as Intellectual
ability, are distributed among people in
an approx~ianite'y normal fashir.n.

AvC~GE tuj'~ents 4:; be grouped according to
ability levels derived from the otcreeninq

16% 34% 34% 1%and selection process. Iintially all
groups will bi. trained at approximately
the serifle rate, and necessary adjustments In

Figure Ii. Studcrit Ability Distribution the groupings made to account for inproper
placements.

After this period, the above average group would be Inc-eased In rate of activity, slid
the slower group decreased In rate of activity. The averag.- Urouping viou~d r-'Ontair thie
training rate schedule established Initially. Identifying ind planning for these groupings

- allow for Improved management for the slower students and I )crease their chances for corn.-
pleting the program. Above average students v-111 benefit from the Increase In training
continuity achieved by matching the rate of tral,.Ing wILh their recognized allllity.

Nlaturally, using the normal curve as a planning facto!, does assume approxinrately a
normal distribution of students, This will be true over en appreciable numbcr of studrnot
entries. flowevar, !r coi be expected that some group dis ributions will not fit the norrmal
curve, and, therefore, the planning must account for thes.e perturbations.

The system can tolotrate opp-eclable variationo In tic riumrrer or students In the three
groups.. However, !'drgi variatio~ns are -not anticipated hicause the Impro~ved student sclec-
tion process o0.ould be able to provide eachl MIJT base viltn an enultobite 'J1tributior, r;
uuili~y lielcs In students,

-(hc combination of t-norgomencous yruupino ,.nd varial lo trarrnin rate provideos tire best
aliernativ. for achievirg th~e concept of individualizedJ stujdet:t trainlrny In Future Under-
graduate Pilot Traininig. The advantages of increased .notivatlun tor at~average students
and Inc~reased help for bt,.low ave-age studants are meavinijful arui. ý.oini n-sit If, econoffiles
by reductions In attritio,'.

inst ructor Perso nnnel

Iinstructor p.crsorinrel deserve ipoccial cons idofijtiloin for two privnnry reasons: 1) irnstruc-
tor% have a direjct Impact on training quality, arc! 2) they can irrfiuL'nco thno career In-



Existing concepts regarding the role of the Instructor evolved at a time when training
t-c.hnology at the Instructor's disposal consisted -f little more thar. a blackboard, chalk,
1.- an eraser. In sul sequent decades great strides were made In the application of learning
'icory, educational *nethods, and instructional technology. While many changes have takern

risce in education, coriparatively fey have- taken place with regard to th' funct!on of the
flight instructor. The changes which have occurred are mostly in the instructor's style
and not in his role or basic approach to training. lie is still conceived of as a conveyor
of information rather than a person whose responsibility It is to en.u:zt that Instruction
takes pl.ct through aailable training media.

Instructors in today's UPT program are Air Forre pilots whc are raained in instruc-
tional techniques to use the tra~ning aircraft as the prin'ary instrument of instruction.

The Future UPT training environment will be significantly dlfferent than that of today.
A much greater percentage of the total pilot training process will be conducted on the
ground In the r.lassroom, learning centers, cockpit procedures tialner, and flight simulator.
In this enviro,-rnent, the flight instructor Is expected to assune greater responsibility for
the student's total training, rather than specialize as hie does today in only flight
Instruc' ion.

The Future UPT inst'-.crtr will not be considered as an isolated entity. Rather, his
function will be viewed in terms of the conprehensive training system.

The Future UPT flight instructor %till have availabie the total resources of the train-
ing facilities in order to help his t.*ud;•t.;ts achlievc the training requirec-ents. Typically,
the IP trainin( m- ',ould provide a succession of training experiences fcr his students
,,;,;L will culminate In the validation of the students' skills and knowxleoge in the fli(_ht
cnvirunitcnt. The flight instructor as a trai:iing ranager would be rcquired to possess
',urc advanced instructional technology kncKnlcdgc than Is now typically found In the IP
corps and, thus, wjould necessitate Iricreased Instructor training. Introducing the training
manager concept could sinnifica.tly increase the continuity in the learning experience for
Lhu sLudJuts. Tinu rianager , iIi know where his students stand with respect tc the mastery
of the skills and knowledge required to satisfy all of the training requirements. With the
assistance of compu.er managed Instruction, he will be in a better position then ever before
to provide the exa';t, meaningful learning experiences which will lead the student to new
knowqledge or cor'ect existing deficiencies.

This licrease In the role of the instructor requircd an examination of the ratio of
lnstrutors to students required for conducting UPT training.

The authorized student/istructor ratio of today's UPT program Is approxir.ately 2:1.
fIowever, this Is an authorization which has not I,een fully manned In recent years. The
real-world situation in current UPT Is a ratio of about three students per Instructor
Pilot.

Lxperlence to date Indicates a need for additional IF resources due to the nmre thor-
ough ground training program with Its demands on the Instructor Pilot's time. It is antic-
ipated that Future UPT will require a real-world student/IP ratio of 2:1 to be fully
effective. The In,;rease,J responsibility associated with the training manager concept, In-
structing flight-slniulator lessons, and flying all dual sorties provide Justification for
(wore adequate IP manning ir future years.

Finally, it waA determined that the Future UPT Instructor corps should continue to be
i.adr entirely of rated Air Force officers. It would also be desirable that they be volun-
teurs for instructor duty and roceivc the benefits of a stabilized tour of approxiriately
three years. It Is also desirable that personnel progrfms be established to enrich the
future UPT Instructor corps with an experience mix proportional to thu force structure. A
prugrur, desiuned to rotate selected pilots from all the najor commnands through a tour as
flight Instructors will provide reaningful impact on student assignment goals and career
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Dynamic Observer

Dynamic observation Is the Act!ve involvement of a secon,'ri trainee in a given
trainiig situation. Although dynamic observation is usually thought of in terms of an
airborne envirorrmcnt, it can be aipi led to any training situation -- on the ground or In
the air. This -istinction Is vere important when the Dynamic Observer concep'. Is considered
fir application In Future UPT bes.ause many of the advantages claimed for it could be
achieved in a ground training er ironmenl..

Although little, If any, statistical evidence ..ar, be found to support a posItive posi-
tion i:, favor of dynamic observer, subjective and anecdotal data do suggest that the
dynamic observer concept offers training potential. It must again be remembered that with
the exc¢ption of airline transition training, all dynamic observer evaluations have been
carried out In the absence af sophisticated ground-training hardware and software.

Dased on the assumption that the dynamic observer concept is potentially useful ;n

Future Undergraduate Pilot Training, possible areas of application were considered. Since
it has been stiown that dynamic observer principles can be app!ied to many learning situation.,
the application of dynamic observer to both airoorne and ground training activities would
?-pear feasible in Future Undergraduate Pilot Training, especially in light of the fut;.re
training environment. Therefore, three specific arplications of dynamic ubserver were
examined: i) the first application of dynamic observer was that mode most commonly dis-
cussed -- the aircraft with a third seat designed for dynamic observation; 2) a second
application was that dynamic observer situation which is sometimes referred to as the "tearr-
flight," (students Tlylng with students); and 3) the third application of dynamic observer
was in the ground training situation.

It was determined that at the present time dynamic observer advantages could not be
quantified to the degree neressary to justify the added expense of a three-place trainil23
aircraft over a two-place one. however, where dynamic observer could be employed at no
penalty In aircraft design -nd operation, It should be used (ir. the specialized Tanker,
Transport, Bomber phase).

The application of team-f:ighm. dynamic obscrvation appears quite desirable, and provides
Many training advantages. Relative to former USAF use of the team flight approach, where
students of the same skill level rode together, a worthy innovation will pair a novice ,Ith
an advanced student for selected rides.

Although tills approach In well knuwn with:n the Air Force, it attains new stature when
considered within the rationale of dynamic observation. The radar control environment of
Undergraduate Pilot Training airspace provides a tool for reducing much of the flying safety
hazard often associated Y:ith the team flight concept. This positive control of training
aircraft will be further refined In Future Undergraduate Pilot Training.

Finally, the application of ffIght simulation in Future UPT offtrs the possibility of
achieving (rany dynamic observer advantages, Simulator cockpitn designed with two seats can
utilize a dynamic observer on solo type lessons while the IP Is at the Instructor console
ratier than In the cockpiL with the student. This would be much the same &. team flights
in the aircraft.

1he optimum advantage of dyn|amlc observer concept Appears to be Its use during 'he

early phase of any new learning situation. Speaking in terms of "nevli.,ess," the totally
naive student 1robably has the most to learn. As his training proceeds, dynamic oe ration
will realize less effectiveness, except when encountering new tasks. Again, careful 'rade-
off letween ground and air practice ,nust be made relative to actual Zralnlng value.
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rUTURE UPT TRAINING MEDIA (APPENDIX F)

Th'. zelection of training media for Futura UPT is an extremely important process.
iHowever. It does not have the oimphasis in the Mission Analysis approach that It has had In
previous flying training program designs.

In the past, the training aircraft h3s been designed to come as close as possible to
the flight performaoct of the front line eircrjft and then after the design was completeJ.
the training program w.,a developed. The misilon analysis approach differs from this
traditional app-orch. The prImary di,."ference stems from an emphasis on what needs to be
trained -- I.e., training requirements. A second difference and an Important one is that
the array of devices available for accomplishing the training in the future Is much
broader than In the past.

Each of the training media selecý,.d for Future UPT will be described. Figure 12
shows their Inter-relationship. The significant feature of Figure 12 is that the media
are ranked arcording to capability and economy of operaticn. The principle of design in
the training media application Is to accomplish the training In the lowest cost device.

STUDENT COCKPIT g FLIGHT I TRAINER OUALIFIEOSUPILOT CLASSROOM/LcARNING PROCEDURES SIMULATOR W AIRCRAFT PILOT(NR CENTERTRIE

I -I "
.J •

INTEGRATED DYNAMIC FINAL
SKILL SKILL MAN/MACHINE

NDEVELOPMENT DEVELOPMNT INTEGRATIONSrSCREEN•NG KNOWLEDGE /
SCREEWN , DEVELOPMENT

,jiSELECTION,

01 FLIGHT,
S'* *- GRCUND TRAINING-- .LTAN--NG

Xe ~TRAININGI
-SELF STUDY--

INDFRGRA9UA.TE PILOT TRAINING, TIME -

Figure IZ. Training Media Prngressior

Classroom and Learning Center

The classroon and learning center provide the primary training environment for
a,'juiring the knowledge pre-equisites in the pilot training process. The future training

:cu --cents previously idetlfiled .reote an academic course requirement inuch tCe some os
.L, -, contunt. Hioever, several new trailnrng renuirenents have necessary subject matter
t',t .it-'c an Incrcase in acndplCrr Ft %d.- ; ,kinq, energy

!, e ,I ¥, ; .r-to-grcund fundamentals, radar, and air drop fundamentals are all new
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In aidition, flight maneuver Instruction will be In'civdecl In the Future UPT acamdemic
arca. There will be nore emphasis on the student learnirg flight techriques in a learning
center environment as opposed to the current method of tht; Instructor briefing uie ýtudent.

Current UPT enpioys standard academic buildings with ten classrooms, The Vii~dlngs
are well oesigoed anci feature rear screen projection. va~riable control lighting, an]I sound
proof In- . Ciassroocti, as depicced In Figure 13 are designed for 30 students but are
cdpable of 4ccorm.~datirng up to 40 students nn an overload basis. This standard building
exists o. i; prografined for all UPT bases in the near future.

Figure 13. A Standard UPT Clas~.room

a~rea,-s that academic training, as currently conducted In the classroom, can also
b~e i~jivu'uaiized through the multimedia learning center and computer based instruction,
This %ill) lie a developmental process which Is expected to extend over a period of years.
The 1.3gical approach to Implementing Individual traiining would appear to be a gradual
transition from group-paced classroom training toweards Individually-paced learning center
Instruction as trair~ing technology makes such a traniltion cost effective. The ultimate
goal of ;ndividual progressioni can be justified only on a basis of cost effectiveness.

Two multimedia Itarnin~g centers are operating within UPT at this writing: 1) Williams
AFt], Arizona; anct 2) Moody AFB, Gecrgia. Based on the general success of media Instruction
In flying training and academics, learning centers are planoied by ATC for all nine UPT bus~es.
In general, these centers will be relatively unsophisticated, and will contain (dur~ng the
1972-1974. period) sound-slide and super-8 mrrw film seof-study devices. With these develop-
ments currently In progress, the future of the classroom Is dependent to a great extent upon
the future trends realized In mu~timedla and computer based instrtiction. As Future UPT
realizes a real movement towards individualized Instruction through the application (if
advanced instructiornal techrology, then the classroom as known today will slowly cease to
exl i .

In 'he transitional period, from 19715 to 1990, the classroom will be In a state of
evo~utinn. Loarning ce-iters presently are confined to enhanning flight-Hr' training. As
centers and :.iedia become well *astablishe~i In UF'T, It will be natural t_. -,h classic class-
rrom subjects by using media which are found In the learning center. The gul-ling concept
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of a syst,'is approach to training will tend to accelerate the use of this modular,
medlazation of academic materials to get a more effectively prepared student for any
specific airborne sortie. This "readiness' aoproach to training will result In a
further reduction In the artificial seperation ývtween academics and flight line. As a
final gool, It Is envisioned that formal academic material will be broken down Into one
or two hcur modules of instruction for Ind!vldual self Instruction. All core curricular
materials required for stadents would be available in the learning center. In addition
a wide variety of remedial teaching packages will be avail;ble to be scheduled for indi-
vidual students on an as needed bests. Figure 14 shows a typical learning center
arrangement. The final consideration for the future academic requirementt concerns the
application of computers In the Instructional process.

Figure 14. Typical Learning Center Arrangement

Two major aspects in computer based instruc-
CMI tion are computer manage Instruction (CMi) and

CAI computer aided Instruckion (CAl). These two
-lcapabilities represer.t two cnds of tha computer

based instruction continuun. Figure 15 Illustrates
the d:fferent levels of capability. CMI represents

- a limited capability well within the state of the

J art and Is currently employed In UPT for record

Sto z 0 keeping and scheduling. Essentially, CHI can
:J 0 0. 1J -1 2 monitor and evaluate student responses (with pwo-

4 U graemmed limits!, -nd epply statistical treatments
0 . 0 _J 0 40Ml J (prescription) to data and printout results.

This printout may be in any snumber of forms
including graphs depicting student peciress. In

Figure 15. Computer Based a C1I syttem, the student is guided directly by
Instruction Capabilities the competer, or throuqh an Instructor. to inola

and materials which are appropriate to nit, Ievel
and rate of progression. Computer managed Instruction can be used to implement functloi.:
such as: I) the eevelopment of a scheduling system for optimally matching students with
learning resources, and 2) the development of an appropriate student Instructional-
record system.
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Computer Aided Instruction capability begins where CHI captbilities end. The
simplest CAI level starts with Will any! -rzztL6. At this level, a fixed linea r
sequence of problem~s (no branching) Is presescted. Kt.owledge of Results (KOR) is pre-
sented as the stulent responds, while student errors isdy be corrected In a variety of
ways. No real-time decisions are no~de. hoyweve-, for tiodifying the presentation of instruc-
t~ona! nat.!-rial as a function cf the student's response~ history. From gLJ.. and p.rectiis
CAI will pfcgqress through the tut~or~al and problem solving phases and, finally, reach the
dialog formt o! CAI w~hich represents the uoltimate goal Ini computer assisted Instruction.I ~It Is a truly Interactive form of progra.m~ing which allows the student to con~verse with
the computer using free-form Input. This; role of the coriputer is seen as an iivolutionary
one. By allowing C.Mi to develop along with t~le learning center, a broad tvanition
period con be realized which allows opportunity for the p~anned and systentic use of the
more sophisticated application of CAl In Future Undergraduate Pilot Training.

Tht: major obstacles tc ioccess In this approach will undoubtedly be In the soft-
were and mari~gement aspects of the prc-blem. There is litt'e question concerning the
availability L'f hardware Items, In fact, Post hardware Items are already available as
off-the-shtlf Iterits, or are In advanced stages of development.

Determinin.ý techniques of uie Is primarily a research problem and must be
resolved by the trasining research con'tunlty. Application, when once defined as cost-
effect've, Is a mainagement challenge which ultimately determines the real look of Future
LJ-dererdauate Pilot Training Lsuarning Centers and Clissroomis.

Procedures Trainers

L Procedure training on the ground has always been a Part of aviation train ingj.
Initially, this type training was &4.romplished In the aircraft while It was not In use.
A- aircraft became more complex and their utilization Increased, this use of the aircraft
became less ,,,tal ar~d finally imr~ia.As a result, ground devices were de-
signed for use In place of the aircraft, While these devices .. frequently called pro-
cdure trait *~rs -- were acknowledged as ec:rvIn the training process. their

quantitative tr-aining value has never bees determined.

future Undergs.'duate Pilot Troininrg 'Hould employ a family oii litJ~i-urb !P*1uers,
each designed to accomplish the requireý lev*L' of training. Their training ve.;ua has

been estimated based on procedure trainer applitation In current UP? In the Alr Force and
the other services as well as the airline trainilog program.

ihe procedures trainers should be applied 1, Future UPT as sho*,n In Figures 16 and
17. How,;,ver, all procedure! aztlylirv that must be t~me shared with flight activity will
be further trained In the higher orde'r trak'iong dzyvkes (sismulators and aircraft). In
ad4dition, the procedures trainers will be used to provid1e Cont!nuation training InI .,~'tIU4oatterns and thougi~t/notor sequences for thw.~s* procedures nt,; rrmutinely
en~i.rterr.d In normal tiigiid m!!tns.

The procedure trainers Identified for Future u;- :,a the cockpit ri.k!Jp trainer,
the cockpit procedures trainer (roncomdputing) , and the cockpit prUJ_- trainer
(computing). The cockpit mockup Is a very simple devke; designed to provide intl,.d-.tory
training In cockpit lairnut and ore-engine start procedures. The cockpit procedures
trainer (noncomputing) provides'a cockpit structure, ejection seat,. dwvwyflgtonrs
and dummny control s/f witches for accomplishing all normal and oomergenry procedures. This
device Is referred to as CPT-I. CPT-] will provide Initial training In all normal pro-
cedural tasks from engine starting through arngie shutdown. It would also provide Initiail
... :l.'trtnIn omoir-2oncy prcc'edmrei.
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Figure 16. 7ral-ling Mtdlo Progrelssoio

The eoCkpit procedures tra;ner (comp~uting)
provid*3 *Ill the featurgs of tieg CPT-) combined
with opfrating Instrum'ents and a smatll CceTputeV

PRO-DuEceprbiity to orovide ths Instrufmnnts tiith all-

COKI PR(~R, TRAIp4INrj craft systue1 logic. The role of CPT-2 In ths
training scheme is to provide continued readiness~

* PH4ASE OF FLICNT IgITCGRATION training of eniorgency procedures. The CPT-I
pi,rvidod the Initial trainInE In both normal

* NANiPULATIv PATTERN sod wmergency procedures. Howe-,or. unl Ikv
G SEQUEN.CE normal procedi~res, the developmental reingforce-

iment of emergency procedure skills In oth.jr
%ITEGFZATFCI CREW COORO1IIj/TiON traininfo devices cannot be assumed. Due to the

SKILL * R ~ TOGT contlngc'.4y nature of this t~ody of prrGEoduras,
IDEVELOP- 0FORESHORTEN'-.0TO UH

MOTOR SEC, ENCES a OP.. waleo-developed plan for review and
Practice of these procedure% Is nece*sary.

L _jA 5WIWI~ity of the training for each of the
PrOC~ldutv: tt*inefs is shuvw, in Figvra 0a. Their

Figue 1. C~kpl Prdrdrestraining %,quence Is deslonjd to follow. the~
Trinngguewn sytm OpprOaCh to training.

Each trainer Is etqloyed to Its tfAifIWY' training
capebiilty and 1`i0olity design Is srmciflad to meet thft training requirement. (herefore,
the family of traliters corplom~ent each other and achieve overall system efficlency. It
should bo pointed cut that elthough the CPT-l could do the job of the mtockup trainer &Ad
CPT-2 co..ld 6~o the ' ob of CPT-l, It woulo be Inefficient to apply these trainers In that
fashion. In both caigi, the trainer% would possess unnecussary f~deliLy for the lower
level training; and trnnecessary fidtility I% equivalent to unpecassary cost.

tinally, thc flight Instrument trainers furrently useo In UfT were cor.,iderol for
use as pr.>cedures tr'j~ners In Fvture Undergraduate Pilot Training. The operating and
slipport costs for these trainers (T-4./1-26) aer considirably higher than those orriected

";v *k-- ei teianers. In addition. pwnv of th *k- tanr.a . hir "aonn

lfe.
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Figure 1S. Procedures Trainers tuff,'ary

?I,* proJseted irlemnentet11MMIon date for the now fami ly of pgi'ocadurss tra Inrsfr Is
approximate)-/ the 1976 t im. framfe, cot.4urrent with TS-2 slinwoetois, fly !.it time, the
imajorlty rof Y-4s/T-26i will have reached their design sor~ilc# lit., and It will nut be
economical to maintain them III operation,

These fact# supported the conclusion that th, ground trainers currently used In
UP? hoey no vlace In the future UPI picture,

Oneo of the most ir~po.gent areal COAcerned the application of simiulators It-
L'r.dsrgradusae I'i1A irminingo, 0any prar~e1,tntot on simulator applIcat~is.i In sliffersnt tepps
of pilot trai"nyg programs had been astoolished prior to the Mlesskrt Analysit, iiciowever,
there was nw precedent for simulator application In anoy undergredioste pil.)t trainilng
p rog raof.,

The Miss'on Analysis was Charged wIti, the ro~e/irement to be definitive aIbutit Putu!@
UP? slmulatiort, besll~aly, It wes neosese', to deterr.ine the role of simulatlor. In the
overall training scheme anl then to specify the slmulAtor design or designs that would
accomplish the assined tre',.lngf tositos, Actually, tils apparent tovu-atop proessl Is
optramoly interrelvan

The ro-ursss used fur deriving flight simulfotor re~jultrs'lients li shown In figure 12,
the crltI;,ai steps In this derivation are flocis It and: If. It Is It, theses stool that

There are two majeor arqume~nts tmet have 6urfaced t(hiougIout this study and desarvaU
too be addressed at ohe outset In order to make the fi~din~o caqr,

Ilia first mejfvr sti..a'lnt centers aiclund wheot sinwitt-4or techtoi 0 V has to offer,
Tils lit.* of argumant Is usjiaiiy established by thnose dent ''led with lyi-rileior fesporch,
The/~ content, Otto sume meaningful Justification, that simulation tolh.io'oov III propressiny
rap'idly #for that fyi' emission simulation for UPI Is but v shott time awtiy, in Order to
evsI..ave the merit Irf this contintico,n the@ Mission Anaiysis madit a rather extensive review
tit 01 . -rature ot fllght simulation, consulted with, Insiy (if the eteLQjuilyed auttiurl (lgt
ur, 1fiI~t birouietlmn, and flow e great variety of flight simulators, bull, training and
searo~f(.dd teesaeu.' Jei6ligei. In addlein all --I qf~c~ es. i vOrts
utCtiffay ore plann.ed weref reviewed to determine tha ljvol of teshnokiviy applied and
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argumesnts, the. 041silt~r Analysis exam~ined In detail the training requiremients, tlý.s training
maneuvers, and th, traliing enivironment. The (Indinris reveale'4 that substantial reductions
In actual flying time can be made by usilng simulation and that the pilot quality can ba
lncressed as a result.

Apply ing these two contlvslieet to Future UPT resulted In a twophase Ivnpieminta.:t-n
plan for simulation, A 71-1 low fidelity sirmulator was cvnqld~rod In support of a light-
propeller primary aircraft, V~ile Optioft was dropped from considieration, as will be
orpplaine later In the report. The first phase centers shout the 71-2 (see Figure 20)

simulator designed far accam-
PlIshing the majority of
Instrum~ent training. The0 711*
Is a hlign fid~elity sioinuiator
which Intugrporates the follooing
desligi fasturqsl

Fidelity of 1imulation-

490 111e fide Ity of 61imulation
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available In o1ffthe-Sholf digikAl
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r h anoI T747 Particulst *itooo-
ti..n wll be giver. if; e-0'es trio(
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0 Automatic permarient recording of results

* Student feedback

* Automatic performance comparison.

N4t Ion SystceM

A skx-dogroo-of-froedon mnotioh system Is required to provide th. full range of
postural cup$ (vestibular and proprioc~ptlvo). The rtloton platform will be dosigoed to
accept either T-37 or T-38 cockpits for near torn application and to accept the cockpits
of new train~ing aire-raft when they ore Implemented In the Future UPT program. This design
concept and the capability of the digital computer to be reprogramm~ed with flight equations
of different aircraft will enable the simulation imotion, visual, and computer Systems
to b~s used for new as well as current aircraft. The six-post-riotion-systew was selected
fvr the folhowlng eassons;

0 six post rootion systems are off-the-shelf technology
with pevelous training applications.

0, Fac~lIties requirements are held to the minimum by use
of off-the-shelf slx-pngt motion systems (rather than
a cantl'ever motion system).

4 Three cofrpani's (Link, ftefloc~ono, Franklin Institute of
Technology) are known to have toporience in producing

VISY1 tytqmSIX-Post 
motion systems..

'Iva visujal system will be a model/p.ro~Je television system. The television projec- -

tiwi &yet#*,, fed by a three-dhn~nsional terrain board, will piovide adeqiuate visual cuess
foir twas'tlon from IFIR approach to OFR lending, plus an excellent probebility of p~ruviding
ci.trs sultoble for low-level fiight, straight-In lending, takeoff, and arwork, A scale
IAtor pf approximaetly 14000i and physical dimortrilons nf 30 feet x 60~ Viet for tie
terrain, board, yields approximately Seven nautical miles by 14-nauticei miles coveroot.
Ihis visvela system was saleated for the following reasonst

6 Proven tralinng volue In toker-If and opproachos based upon
airline training experience

0 Capability of training from Instrumonts to visual
tranitotion ofo vtreight-In landing

0 The capability to use the Image gansrotlon portion of
the visual system In conjunction with more then one
simulsbori(though not olmultansouilt,).

The tots: system Is of negI~libl. tochnisel risk. 'he T11-2 simulator will be
procured Inl csa~pIOMOs of foul "O~gpIts each. lach siftuietoi cockpit will have Image
4ispicy eeolpfmin, but two cotkpits will tins share unn torrsin board. Thus, at arf time
one-half of the gackpits will be om visuwel operation, while v,',% other half of the cockpits
will "~ on Iintrursonte.

The external Iinstructor's stotict *111 accoisridate two Instructors, 6tch will
Poniltor two simulators. An externial (athodie Pay Tube, will priovide the Iintrictc'r a
reosa, of tihe student's visual scene.



The TS-2 flight simulator will be utl!lzod for training In flight characterlstics,
emergency training, full Instrument training. VFR aporoach/landing and takeoff. The
visual system will permit training In a very critical area -- transition from IFA to VFR
flight and takeoff and larding.

The transition frow Instrument flight condit;ons to visual flight conditions
during an Instrvment approa-h to landing Is an important capability to consider In the
selection of the visual system for the TS-2 flight simulator. In today's program. training
for this critical task Is unrealistic in the trainer aircraft due to hooed flight 'n the
beck seat of the T-38 and the high minirum altitude of practice approaches et UPT bases.
Figure 21 shows average minImur, altitudes for TACAI, VOR, ILS, and GCA approaches at UPT
bases, and the typical actual minimum altitudes for these approaches. This situation Is
due to restrictions Imposed by other phases uf rralnIng being conducted at UPT bases.
This causes Instrument training In the trainer aircraft to be unrealistic In today's
environment, In addition, the student understands before an approach is Initiated that
It will terminate In a .issed approach. As such, the rtudent can easily become missed-
approach oriented. in effect, the student astablibhes en Incorrect "habit pattern" by
seldom performing an approach In the manner that It would occur In normal operations. The
TS-2 flight simulation will iave the c€pability to overcome the Inefficiencies of the air-
craft for Instrument týelnlng by provIolng the total Instrument environment Including
approach, air traffic control, end runway environment, as well as variable weather ceiling
and visibility conditions.

Firthermore, accomplishing Instrument training In the TS-2 simulator reduce*
congestion and operational complexity at the UPT bases and allows for Increased training

efficiency In the flying done In the

contact, navigaelen, and formation
MISCzo APPROAH to .ooo ~ phases. More details on the appl ica-

lePT LCZR vt,Rhit60rr1•O lion of TS-2 will be presented later
canT*s', "t &0ýo.i P'rF._o In the report.
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IA cA candidate full mission flight sirulator

4'0"' -- - was based upon examination of the pro-
Jz.c.ed simulator technology, on-going
research projects and the training

, _____________ _ __.* reuuiremonts for Future Undergraduate
AVIRAOAI Of (.1iON ,IOtS (0o") ANO WINPMuM (,rS'.It Pi lMot Training.
ALIIfUOI S MMDA) FOR PNACLTIC( APPROACHI( AT UP, $A*l,

Th: design a||d Implementation of
TACAN VOR ILS OCA the TS-3 was bas*e upon the following

P0AC01gt 4000 AOL 1SOO AOL 500 AOL sit AA assumptlonsl
AC,1"b CGewmiL egg RL 30 AOO l, 510

a A wide-angle visual display
system capable of prov:ding
training in the siexImum .utmtr e'

Figure 21, Minimum Altitudes for Practice of Future UPT training re',.#Irv-

Approacht.s ments wIll be available.

a Computer Image Generation will prove successful In

providing the visual Image generation necessary for
full milsion training,

0 Continuing motlon system research and developpient will
be able to define mutlon system requirements to support
full mllslon tralilnng,

The final r.nnf Intit Inn .̂ 1 t.9 !!., ;T .. ., ,- revu;- is V he foe i-ing

simulation research proJect's Advanced Simulator Underoraduate Pilot Trailning, f-4 area-

- • • • * • i i , -... i i *,-



of-interest program, air-to-air combat

simulator. the Army Synthetic FlightI training simulator program, and develop-
ments In Industry. In addition, e TS-X
flight simulator with a dome type visual
display system Is required to evaluate
and validate the dcome wide-angle display
tachnique. The 75-3 simulator Is
expected to be s~mlorar to TS-2 except
for the visual systems. Figure 22 i#
an artist's conception of TS-3. The
design features are projected as follows:

* (Fidelity, of Simulation)
Continued Improvements In the
area of fidelity of simulation
can be expected. The fidelity

USAF level of simulation should
always be that which Is avail-
able off the shelf during the
post-1980 time period Research

efforts such as ASUPT %-ilI be
Invdstigating the relationship
of 'idelity to training and
should be closely monitored.

0 (Computation)
Digital computationi Should be
used for the T$-) flight
sin.uiator. The speed and
capo.Iity of digital computers -

Is expected to Improve over the
-j~p resent state ),f the art and,

thus, should continue to be
Ideally suited to the needs
of Future Undergraduate Pilot

Figure 22, Artist's Concept of 75-3 Tralring.

e (Auditory Simulation)
1980 off-the-shelf audItory simulation ghould be Included In
the TS-3 flight simulator.

0 jAdvancod Instructionsl eastoirus)
The onmtructional features planned for 75-2 should olso be Incorpo-
rated In 79-J. In addition, research on addp~.vs trelininj Should
be completed by 1977 and a decisione can be made with r,.;*rd to Its
applicauion on the YS-) flight simulator.

e (Mtot ion)
The sIx-degv-ee of motion System planned for TS-2 should be adequate
for '5-)i however, rlesearCh In Motion System$ such as those ernvlsic nd
for ASUPT 4hould be monitored, Research on large-amplitude motion
systants should also be conducteu. The design problems of g-sestq
(being Investigated In ASUPT) sho,'ld be resolved by 1977,



(visual iystems)
Oevalopmnonts In CoeAputar #f4g. Generation (CIG) should be closely
fo~llwed to determine Its jultatiity for application In the 75-3.
This tehrique Of Image gene.-at lon offers the flexibility to
simulate the full UPJ'msT ce The dome and mosalcked CRT desplsy;
offer me,.nods of providing leicressed fields of view and Improved
display psrsp.ýctiv*. The CAT technique Is being explored In
Advanced Simulation for Undergraduate Pilot Training. A prototype
TS-X will test the dome technique. Both of these techniques offer
the capolbility of full-mission visual simulaltion.

The two simulator desighs Apecified by the Mission Analysis Study repeesetit * low
risk approach to achieving thit benefits of simulation. It will be established later lii
the report that the netar-term appl icat ion of TZ-2 ef simlatio will provide subitantial
training bonefict and achieve significant cost savitogs. Furthermora, the projected
benefits ut T$-3 full-mission simulation provide real Imp"two to support the research
effort. necessary to ensure Its ore~ast imp lecentat ion,

Ftiturs Trainor Aircr~ft

The new trainer aircraft were develop~ed from a series of parametric aneiyses that
leflnee the general aircraft chasacteristics In sufficient detail so that aircraft per-
'ormmnt.e and cnst could ba rewicnasbly estimated, The performonce and aquipmetet require-
ments thus derived are shown In Tables )IV and XVI. The capability of the present UPI -

trainers, T-37 anid 1-)8 with 'ne without mo4lfIcatiotv., to meet the*@ uture aircraft
requirements was also detemi 'ed.

OeSSign -Ph I o 2~hj

The design plillosoph~v for the new trainer aircraft was to minimize downtl me, turn-
aroun4 time, support equipment, and operating cost. Such features as modular Ovionics
onj ground level 6ccest for maintenance supported this philosbophy oen4 were Included lit the
gesigns.

Lite of variou; c6 oprIto fteteriiu was considered for reducing structural weight. The
greatest potential for use of compovites Is In the high performance basic trainer aircraft.
It was determined that weight saving structural composites are not expected to be employed
to full engineering advantage until 1990 because of the high sost relative to aluminumt,
Consequen tly, aluminum structures wer* used for the airframes of now flight trainer
candid~ates.

floprosentatIva missions were established for the Primary, Basic fighter. and Basic
triinspirt/bombor trainer aircraft In order to determine the fuel requirements for the
trainers, The representative mission fuel 0l owences were then compared to that required
for the various trainer misionos (instrumeni., navi etion, etc.) to ensure Its adequacy.
Ili* repr45entat ivii missions chosen f@o' the Piew trainer aircraft are listed below,
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a

Primarny Tre;ner A,rcraft:

Take ff -10 minutes i'le + five minutes MIL power

,1lia - MIL power climb to 15,000 feet

C u-se a 1.5 houts at 250 knots TAS at 15,000 feet

SLanding a 15 m~rutes MIL power at sea level

Reseres w 2r, minutes loiter at sea level

(five percent fuel tolerance allowed for mission)

Basic Fighter Trainer Aircraft:

Takeotf 1 10 minutes idle + two minutes MIL power

Climb a MIL power climb to 36,000 feet

Cruise - two hours at M - 0.8 at 36,000 feet

Landing/Reserves a 20 minutes loiter at sea level

(five percent fuel tolerance allowed for mission)

Basic Trar,sport/Domber Trairer Aircraft:

Taxi - 10 minutes at Idle

Takeoff/Climb - 10 minutes MIL power to 30.000 feet

Cruise three hours at M a 0.55 at 30.000 feet

Descent - 10 minutes at Idle

Traffic Patterns - 15 minutes MIL power

Lending Reserve * 20 minutes lo!ter at sea level

(five percent fuel toler.,•ce aillwed for mission)

Initially a large number of conceptual aircraft were Identfled and matched against
tr)ining requireeienzs. Many concepts fell out In this process dua to overdeslgn, high cost
or questionable feasibility for UPT type flying. As an eKample, all supersonic capable air-
craft were rejected because training requirements did not Identify the need for a super-
sonic trainer.

Particular attention was ive ;.;neo earcraft with a third seat designed
specially for - ;:.udent to "dynamically ibserve.11 it was fL n. . .th' the eldz.d iost of this
iip;eal raeqwremant could not be Justified based on the possible benefits to be derived
by employing the dynamic observer concept. Analysis was also made of several light pro-
peller aircraft for use as primary trainers. One such aircraft was Identified (desig-
nated TA-i) and Initial tilning aralysli snl course design viere accrmpllshed. However,
this t-olnlng option was eliminated fro,, conslc;Qrst'on In the evelt•atlon process. As a
result, a proneller aircraft Is not Included Ir. any af the final .4#. m! y,
such aircraft design features as variable stablli'y and variable geometry were examlned
ard found to be unnecessary In a UPT vr,.iner -- both from the standpoint of cost and
train~p, rmq-Jlrerinen2.
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New Trainer A!rcraft

Three new aircraft wcre Identified from this analysis: a primary Jet trainer
designated TA-2, a basic Jet trainer designiited TA-3, and a basic multitngine jet trainer
designated TA-4. Each of these aircraft are descfibed below. The TA-I designation was
used to Identify a light propeller driven primar-y aircraft. This candidate aircraft will
not be described because the system employing It was elimina~ed as a viable system option.
The reasons for this elimination will be presented later in the report.

The TA-2 is a low wing, two-place, side-by-slde primary trainer powered by twin
turbofan engines and utilizing % single straight wing planform which provides a good low
speed flight characteristic. A trailing edga slotted flap Is used. Construction is con-
ventional aluminum structure. A three-view drawing of this aircraft Is shown In Figure 23.

The engine. representative of a
hT_ derivative from the Garrett TFE

SEATING 231-P13 74 turbofan, is a 1000
GROSS WEIGHT. POUNDS 4300 pound thrust, two-spool counter-

SPEED, KNOTS/MACN 400/0.65 rotating turbofan with a bypass
APPROACH SPEED. KNOTS 90 ratio of 2.5. Other engine
FLYAWAY COST, M S 0 319 characteristics are: engine
M8OO'FLIGHT HOUR. S 99 - thrust to we'ght of 7.0, com-

j _" J pressor pressure ratio of 14 to 1,
turbine Inlet temperature of
2200OF, and specific fuel con-
sumption of 0.54 pound of fuel
per hour per pound of thrust. The
engine is 4pproximately 26 inches
long and 13 Inches In diameter.

Development of the engine is
__- jall -- - within the state of the art. A

comparison of performance charac-
Figure 23. Two elace Primary Trainer Aircroft terlstics versus the primary air-

craft requirements Is shown In
Table XVII. The performance

i:hAracterlstics were dictated by the thrust to weight (0.40) required for single-engine

rate of climb (hot day at takeoff configuration) of 400-!eet per minute and the sustained
load factor of +2.5 g$ at 15,000 feet altitude. The iaeximum speed of 400 knots/fr - 0,65
was & fallout of the thrust per weight ratio. The winq loading (40-pounds per square
foot) was dictated by the sustained load factor. Facill;y and manpower requirements to
support this aircraft should be approzimately the same as for the T-37.

The TA-3 Is a two-place, tandem basic-fighter trainer power by twin tu-bofan engines,
utilizing a moderately swept wing planform with trailing-edg¢c snglo ilotted flaps, and a

slender fuselage with conventional tall surface. Construction It conventional aluminum
structure, A three-view Illustration of this aircraft Is shown In figure 24.

The turbofan propulsion system specified for this design would be the pacing Item in

the aircraft development. A new engine development program would be required. The

enUlne characterlstics are: 4000 pound thrust, engl,e thrust to weight of 9.0, bypass
ratio of 6.5, compretsor pressure ratio of 18 to I, turbine Inlet temperature of 2500F,
and a specific fuel consumption of 0.36 pound of fual per hour par poind of thrust. The
engine Is approxinmately :9 Inches long and 27 inches In wlith. Coinnonent development
(fan ead turbIne Inlet temperature) and development and test of a demonstrator engine will
be necessary to oc~leve this TF-39 (C-5A engine) technology In a low-thrust small-size
turbofan engine.

A comparison of performance characteristics versus the basic fighter trainer aircraft
requiremonts Is shown in !able XViii.
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TABLE XXVII

PRIMARY TRAINER AIRCRAFT PERFORMANCE

Cesign Parameter Design Requirements Primary Trainer

Seating .0 * 0 *

Takeof Ground < 4,000 1,000
Run, feet

Takeoff Time, second 10-15 12

Landing Cround L 4,000 1,500

Roll, feet

Approach Speed, knots 90-110 90

Rate of Climb 2 2,000 at 2.400
(nominal mission 15,000 feet

conditions). fpm

Single Engine Rate L 400 at SL. 400
of Climb (hot day

takeoff configuration), fpm

E:,durance !n Sufficient for missions 1.5
Cruise Phase, (for 1.5 hr. cruise at 250 knots
representative mission), at 15,000 feet
hours

Cruise Ceiling (300 fpm R/C) 2%,000 31,000

normal power, feet

Sustained Load Factor, gs • 2.5 at 15,000 feet 2.5

Instantaneous Load 4 4.0 at 15,000 feet 6.0

Factor, gs

Life Expectancy, 15,000 15,000
flight hours

Handling Qualities Highly spin resistait t Provided
excellent handhlng

max Speed, knots/Mach 250 knots A00/0.65

Empty Weight, pounds 2,965
Usable Load, pounds 1,335
nro~s Weight, pounds 43,000

J I '1 t = = .= =-i I I I " P=:-;•; ..... • =": = -• .. .-



fRIOSS WE1H.T;PLUNDS 40 thus towoad 0.0

APPROACH SPIRED, KNOTS 110 factor of +h1.0 gs at 15,000

ýLYAWAY CO:T. US 0.792 feet altitude. The rmaximvin.
ftO/FLIGMT.HOUR. 150 speed of 600 knots/M - 0.95.

I --- was a fallout of the thrust
~ to weight ratio. T4e' wing

X17 loading (50 pounds per square
It1 foot) was dictated by the

sustained load factor and
41:'C . ...... .... -.. approach velocity require-

Figure 24.. Two Place Basic Fighter Trainer Aircraft The facilities and man-
7-e required to maintain

this aircraft shou~d be slightly less than th~i; required i;.- the T-38.

The TA- I. s a trainer aircraft with side-by-side seating In front and a fold-down
seat locatet. In the cabin entrance on the centerlinte which will accormmodate one Instructor
pilot and two students on a training flight. The low wing has low swtep and slotted fiaos.
Construction is conventional aluminumn. A three-view Illustration of this aircraft Is
soiown In Figure 25. Two turbofan type engines, representative of a derivattion from the
Lycoming ALF-3010 engine, are mounted on the aft fuselage.

The primary role of this aircraft will be Ps a trainer, Potential fallout benefits
could be to transport parts and maintenance personnel to locations where other UPT hir-
craft are out of commniss ion for maintenance. Thus, the cabin Is large enough and has an
entrance door to enable loauding and transporting of future trainer aircraft engines. The
cabin Is sized by the J-85 for length and weight and the transport/bomber trainer eng!no
for maximum diameter. In addit ion, provisions were made for removable passenger seots !n
the cabin. The engine Is it 2900 pound thrust, two-spool, counter-rotatinci turbofan with
a bypass ratio of 5.6. Other engine characteristics are; engine thrust to weight of 4.6,
turbine inlet temperature o$ 1975*F, and a specific fuel consumption of 0.4u4 pound of
fuel per hour per pound of thrust. The engine Is approximately 48 Inches long and 29
Inches In diameter. Developrient of the engine Is within the state of the sirt.

Faciilty and m~inpower

SEATING *I. requirements to sufpcrt th~is
GFCS WEGT POUNDS 12,60 aircraft should be apprnxi-

mately the saMe its for itheSPIEE, KNOTS/MACH 400/0751 T-38. A comparlaon of the

APPROACH CSPEE, M S 11l? performance characteristics
S0FLYAWAY COST, S M 6 -I versuis the Transport/flomWer

M OOFLIO'r HVRS .35aircraft requirements It,
shown In Table M.X The
performance characteristics
were dictated by the thru.&t
to weight (U46 rerulr*d
for a susta!ned load !actor
of 2.5 gc at 15,000 feet
alt itude. The maximkrn speed
of 4450 knots/N - 0.75 was a
fallout of the thrust-to-

weight ratio. The wing
loading (60 pounds per sousre
sustained loagd factor arid

Figure 25. Lasic Oomber/Transpor: Trainer approach velocity require-
ments.
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TABLE XVIII

BASIC FIGHTER TRAINER AIRCRAFT PERrORMANCE

*iesI% Fighter

%).sign Parameter Design Requiruments Traioer

Seating FWD . 1 0

Takeoff Ground Run, feet 1 4,000 800

Takeoff Time, second 10-15 10

I.oodIng 6round Rteil, feet 4. 00 ;,600

Approach Speed, knots 110-135 110

RAto of Climb (noml,:al 8,000 at 6,e00
mission €ondltl,-.%ns). fpm 15,000 feet

Sinrglo Engine Rate of rlimb . I1,OO at S.L. 2,501)
(hot day. tukeoff configuration)
fpm

Endurance In Cruise 2.0 hr. cruise at 2.0
Phase (for representative 0.6 Mach at
miss.ion)j, hours 36,000 feet

Cruise Clling (Mil power), feet a. 45,000 48,000

Suate'red Load Facto,. gp ? 4.0 3t 15,000 fNet. 4,0

Instantaneous Load Factor, go a 1.0 at S.L,. 7.3 at
6.0 at 15,000 feet 15,000 feet

Life Expectancy, flight hours 15,000 15,000

Handling Qualities Very good Providod

Max Speed, knot/Mach rollout but high subsonic £00/0.94

Empty Weight, pounds 6,330
Oiebte Lved, pound; 2,070
Gross Weight, pounds 8.1400

II
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OVCHLOPMI4NT AND 1111ilhIAtpetT OF ANALYTICAL TOOLS (APPIND-11 0)

11 vat critical to the 04i66ion Analysis efforlt that well Formulated ewid~el be
Oesilned to Permit man~pulati'vto it key parometers end determine their aovraII sylttw
offetet, The total UPI system' It an extremely 4orvlex ftnailoa wItt. mainy depffendent

TAO Mede1e developed f~pl the Miveion Analysis syntheelabid for tlia first time these
dlffIgutt Interrelationships of the UPIP system oflemento &nd provided timely Oala for
#vAlwortifts the systealo opt~ist. that will los disivelse 't14r In the repot.

It is lior~reant to ppc.It out first tIi mp.ials titlifotelvels roprease's a oilgnlif aril
t4sistrihutilc'n 16 the fostur, eimneliessnt of' Und'lerovdusae Pilot Treitnin, They will lorovide
thlr fir training twIAsif wilth en Infriielsod ceftaPlifiII to ainswor lIspurtatit questlioss
shot, te# lssoyloftl of shortles to th'e UPI projorow, 9441, pf Ilia#* auulelt will Posio be doslifriteo
It) ysnAFAl 141r111, 81111 the otpree 110`8144Of tho'lr flruEJ~IL,, *rijlelped.

Thre lalpi tmei Life 1popeci d'i(y MdI~,el (tIM) viee Ilth eia lyt cal I titl uted lot It.vessilvate
theo Iepoleiily sor to given 119ed siF equissivant (9Ittiormft, flight Inetir~ni trainers end
simvslotors! tu *uptotrt 0 variety of Upt oytte-.

1T1: tLtJ` wa Sol ..r..aily '-Fltcjl If, the t~waso I-rujolo 6etease It Ieilint,
110 oled wn the liuieoit4 trin.,P9 ar141aft WUW1ld f 1:0 IfutflL l 10 14,11j)(1401 the different~
VuWure UP, 6yistapp up' lunt wildef Vi etIo, T*~e PQ I the1reby pro'iv~lled a'eettiitgfu
de~tiiunJoie ates flor w squilissisiit purvhs,616

If It Pull Impu.tlan ilia( Iliai orsil tir niuffil~ionr. a# sOieeni y'desl' il #te I-ssaft
fieato life Is being .emaeinoil. 11111rifi~atitll Is defined a6 that1 .le 1.4101, flit number of
*velalief altroirlf 61e'oAS loot tlial tive ntwimbar #0egttpil !. ou.p.' kL refieery usage.

UplJuu ftwithar desvilumopmet of Ineu~ffItlarpq., It Ii ttitolyioor thet Moenv venlialles have
ie111#ngeu't if ec I^ gItt n'uge1.GoloorV uk Ia a~d 11161 the date (or Inineffi lonip,' fly Ifdoes "ut
fitroilool oft 040uuata i0esorilitii "Ir Via (u left life sAnietlantty

f.~r t~ata~C, e'iset 1,ficrryy ir.iUlf ~ia;rig uthr'judg *Inrio ft lots, W06lt lee0 twit
*tolunel -i 61Froff lust ~lortVi. llf 01i01ltmn ciataetru-iltlg lust alid *irfneft lust thoriuvi~iu
foairomoill (orespcltinty detsyu' forn'is ife). live farateof lost dlue t4opairinftrl 01it. 1 iio Is

it0 less thlat that Olut iQ e lrofr qn, fewifan *rerafrl (rasht In a Ulsoes montlh, but
rnln opIrt~raft itulo r0261 itheir de10sig erielieI that tIlms- Ifirefcere, a estbnaw
Ii' wlils., flit date of Insufftlientiy Is rasoiled beotre aircraft itouin, to, roil,@.1 is Isuffi-
silent try upnly a smell nuipslosr uf alrorrolt nl cnlgb It pluto .eiiif lvi Wo illtJVIai5
lit flying pill'eets FIr emngq 1f ofie IF alrtfoaf. tola .e' .,,uflihlant"'I dost
basede fin 61101tlU41, It llwy b~e ,14I1eslll In, gilevist lla tll sortav, by e IPaIl litneasie Its
U1111i0etlonats,

Iffilievern netifleament it inure abrnupt Iioan at Ir tlifun otereeeal It if a funliti 0i. .ftile
*ie6 r un Igpillol (pt~oL,,epowl , furf hisI reakue1 te if,p 1,07 tilig ofitg 14re'1slpot If taiweidlado
is' viJ uf 10itent 1al It,n t1hat flseat (if lii,4, ate 4vt ff1 l I nit soiceso aircfraft a e cysen,
L'al ioitIllt 11 vsiallip after ral iroorvil liat I 'visul, l'VIi 9416aieni'i fur will a few mtil~ M119,1
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rro.' mlo, emplanotlIon of Inguff Iciency It can be soon that moerey presenting ft#e
insufflclency date of a given aircraft float Is only part of the story, A better way of
presenting the results Is to imclude soft Indication of thfe flying capability remaininig
in the system after the date of Inituffclancy. There are, therefore, several pieces of
Informot ion that can be presented shout *ach analysto, of fleet life,

* Data of lnsuffi~oency

* Cause of Insufficloncy

41 7'". to onset of retireptent

* Hurmbar of aircraft the sys temn Is deficient Initial ly sard at tile tIlml
of Iitiiial retirement,

flaturae it, distinct~lons on type$ of Insufficiency for gro~und tralining soul pment, buch As
silmuaturs, oare not necessary since no attrition lost factor Is app~lied. At is result,
Insufficlency for ground training euipulment io based on retirement only, from this Inforrv-
t(Ion, one may determlrne when or If the systefm will t~e Insufficient, how for tile system"
cart be extended untIlI rot Iroment final ly I Ilmteo the system, and the magni tvdet of the
h'angoo niecessary to CAtind toot system toi ret Irement,

The Inputs Into thle ILtim Iincudod &lI If the Imptortsht varilables thoot influeince
evjullietnt fleet life, They are presented here In brief fuf-h to deortmnstrate thef depth of
analysis and establish &fodilill~y fur theo findlnpsjs

* Ovlid ir as maty Lotog'iriuti of i 'aining as Ce lied, input ~i (It' i.'Ieor
of Such' waevcrles.

* Atti;n !hf; apprý;riatg r.wr;;,t,;r cf Flilb.i I.i.w 6jil. fiotevivy *it-d '.1.1
hovw imony mitnties that numbeor of fiyiegy hours will be nepidoto Input these
flylI 'e hu'. sIot efdu'nt's fur isil 4,sctegury,

41 Oaf lna levels ofl simlatw lurt (ts! are iti '.- ittvelstiogae hnd a. numfber
o" mOntho flhat lovel It III be 0ti111190,

* Voitermitolne prcelonoe uf enterlIty studeonto who attril In *&0 phase,

0 Uctlermine how 1.4ny hiAaro In each1 1.ase0 iirr acumulated by otudelnts 0111

tither inpouts are at Ifil EMSo

Iftwolisor (or qraduates rtojuired Ili teoht Veal I tofperet iion

a bjire ofi liltlael eujulpient inventory

a hunbur of houvris cirueoq it. date Lin easth pie;,q of eu.ui

F e ber Vice 11 ?. l imit ful ltie egluilmoi'l

0 litle of *eeui'Of il o It I ilt,' es a Ifun,.t I')I (of usage

0 Mp Imurn ut III sot it. I rae. uf lIII egjulioent



41 Other (overhead) uses of the equipment

a Numb~er of Mounths In Which procurement occurs a.nd the number of piaces
of equlg ^erot procured In each month.

All of this Inputs tit this mod*) orts variable to so"e degree end It Is useful to know
the reslative Impact of voch variable on the equipment life being considered, lave'*i
Important points on sonslvIty of requilledi aircraft ituffiers were derived for the cijrrent
traineor oircoraltj

0 The Variables that causit tits greatest change In date of lnsuffIclin~y or@
LrjdkM~ed&LLJof and L~Lrlmhus

0 All variables have 4 greater effect ton the T-31 dots of Insufficienciv
then o~n the ?-J111 date (of Insufficiency, Isis rate of T-)8 airoraft loss
Is considerably greeter then the T*)7 rate, due toi greater eltrititun. to
at, *,oval Change to thb two flooets -ll1 holis loss ff~elt In the I-)b Coloe

e Nt irevient 16 an Important fowit' for the T-37 fleat but Is niot fimliortant
to the Y-jl (lost,

Tole detalledl findlItyp V the Rlom are presen~ted later In the reltort when tite alternative
system uptioms ere soismnolnd, Ilowever, several mlorengoint general wclviusiuors pruvide on
overall undarstanding rof the If(@ opan (of tht current training oguIplmnil ang terve to
suitmorlie this se~tIon (in tlie Wotf They fers

0 TheN mudoliin 8proetilail as fiescr ifid hera Itrovidesf fluch l oVlaklrl inorrmal 1w,
al.oyt ties a'i~pouacy lut a Vivse' float of eguipoiaft Ilo sug'j.urt a liallilfwlar
tvelninfo requirement,

a Ltniidlerallon ofi thm di~e !. i-otfi' tfic ;lijivtt fleetlo Ioef,#'e lnsufol,.ieito
it nout of Itself enl alloqriue desioriptilu of olhq suffif.iei1I.Y Vf $fly system,"
tfrtheor eoeleai rl# nCessary are Iýle fulose of iisfi~ y(fol~ti"Iill~
or rail releint) , thel lengpith of Jitime remne hung tv retirement, slid tIe,
aircraft ileflicientc *I retiremtent,

0 818il Iliaus t 111411 e 111ctdll of intufficienty It sensitive to manty tailors, v%4
of s slogle date It lass selltwIfcury t1101 t11e Use of a range Wf daleii.

S, ltse ias lacei of, thes !notrurotofi i Itlut trainerof ulosd Its UPI wes inadeqaItea
to de~tritinei a f ir," Omit "t Hfsfii~L. iustever, tII@ liecrumenit Ii ightI

11,1114,1 should Gt~sciae i11u01i0#11t In the viii'.lty of l'l1iJ fusr III#
cijife'ii sl~eo

Ie@ UPI systemr i'Wol It a reseivure isfreuiemsfle mitido n sivai w- Ili*h primary onalyl ice1

ttVI io sd ovi ligtie 11 is14402n A110lysic 4o evaluate olternet lv.I uif u 11c1V ly*)It, Tl0ni e I
was derIvedl fruoin oile of two cunljill'.ted flolifte Sudies that r4u'f@J io6stu itioU1,111u 'i
P'A110tientlical 'iuode' til thel U~l lvtioll

The* Vaeiera fwo lows(f ties systeft plivde If areirelonted iet figire dl,,, Tue 's %lo offaji ,4111t

1) '.") 1wj".Ut.j 1)

7) lie0 ir4iPg 11. 1t'nl,' A I i'joat uir I4uo,'jle ~I) le I 4il.lptleit Ut I I als lull 1-01141di lily
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tse Control Module transfers basic Informiation concerning training concepts Into
co-1putur Storage for I'wmudlats or later use. This Information Includes such Items as
f!y Irfl hours , nvmL,4~r of bases, anid the 41ircraftI used In trainintg.

The Allocation modulo Is Redo up of two owtomodule,: T4e UPT/CCT1Iinterface sub-
n'codula and the training sliaaaant allocat.ion spbrooduls. The former submodule examines the
oveall cost Impact of trensferr~vig a training objective from CCTS to Undergraduate Pilot
TrsIn~nq. This aitolysl* iý, based upoi such Voctors as the aircraft operating costi. In
lipTy ad) COS~, the number of flyly~'g hours required to do the tosk In UPT versus CCT$, and
the cost of adding requirod avior.ics to UPT aircraft. The latter submodule examines the
cost of performing training In the &ircraft or alternative types of simulators and cock~pit
piratioures trainers. training huours are then allo'ratod to 11 -is various equipment types
on the basis of cost Advarrteoo anJ trainnin capability.

The Cost Module estimates the res'purce and dollar requirements of uoerating a
tralinin system over a pi~rlod of up to 30 years. The costing may Include fairly detailed
tronlition stops from one syster" to another, This module will be dintvit~se' In more detail
Int the followning subiections.

Tito Permamont Ditoo file consists, as the name Implies, of almost oll the dataVe tha
are usfid repeatedly toy the UPI tSy~ov Model, Title informoootior, Includes arviersrre cost
focrorl, facturs disc~ril~ni, thes maIntenvato~a and oipnratiny of toulpme~nt, and trhilnlnj
syi~tai'5i, chraf nterlot5 Input via the Curtrol modculo. Ilie Permanent Data filie Is primnari ly
used boy tIe- Cost Module arid tit* training recjulre~eitt Allocation Modulo,

Tito lotiuimeI~rw Uti lla oin Capabi lity Module .,lal uso IN, design charracterls'ics 'if
ani *lrcraft *lung with pohi ivis cotriceiniintl Its ý.Iuk,,Sion to determine prob~able util hat on'
rate%, Yfilt mKLuI5o wouiuli be run separatelfe ft, or lrposed aircraft to datermine tite
wili ation ralte that would 911 lid,tt th., Poronp'rit Oats fliii.

Tito Pilot inveritory Mudule primarily Predicts ruture QVI` graduate requirements.

of list different modules available, &,Aly thes Coot Module, Control Mfodule, and
foormatiatt Date rild were ulkimately emp;loyed, Tito other modules wore nut on-pliyed
because their Iinfurmatiln was either not needed for the purposes of tits analysis, or more
aaiturate InfLur,',at in than tie module ~iLoIg lorodur. was obtoined fromi other sourwe.
iiqjwever, tie riod~iss not used fur tli# Mi~ssion Analysis may be useful fur AIC futuro
planniltg oaltvIties (liq AIC tis tie C(Piauilei model program).

Modiel Voiidetlin

Al tiow~uVgihte advoantalles uf scpowiter simnu letion and uss Vf tie* Roud.Ii n approofis li.
studiles lit 11lls netire are yenerally accepted i' tits AIr Por&e today, concern for tie
ALLUuraCV 0f &aI-flt mojet tll*~l Ai ral ;;1.J'~l~iv of Ui4 UPT Hisiugh Antlysis
was- e;valu at the eoqqracy end veildlt,. o'W,3 ytsin modelI, The apploruac takoan
for val dat ign was to, sublject kie model to is tt'u-ftlIA review, f irs t, tIeo model was
reviewed In a subjective hianors and thien testeid oiljer~tlvely to determine tili proximilty
of srimuloted cost to thts actual recorded eriucusse of an espliting system, The owijact ivo
analysi# 94as atotuirpllahetl In tie following manneri

a Tie sequence a. #.vat sevelupooent stale, wes reviwwo~d to Oetermine of the%
propvr cause *no offect releolr-filps wo-A "alntaisad,

a Theo deumenta'lln of ties mudule was @Is;) reviewed to Idsirtily the
veiailoes ami-loyod to Lufti'ute cults.

a itie loyic. intorrairated Into tie vorlroui astmt Ifni~g erquotLr linte

evaluated It, ,itennuIti' if they %.tnfs.,rriod to fust bihavoylr a~t terns

bnFIWFI to 6006st
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Based oan this analysis, It was concluded thsit the modci Inclooded all significant
varlaoiias and was accurately prograirmed. Therefore, It was hypothesized that the model
would simulate thi cost in. of existing or hyp'athatical UPT systems, and furthermore the
degree of accuriocy experienced In costing thw existing UPT system would Indicate the
accuracy to be expected In costing alternative UPT systems.

The objective test of this hypothesis was accomplished by costing the FY 1970 UPT
program and comparing the results to those complied by Air Training Coeutend. The UPT
system model Incorporates stcveral cost Items not Included In ATC accounting records.
Therefore, It was necessary to reconcile the system (nodel results with the &-.cointing
date and compart reconciled results. Reconciliation was necessary In the fol lowing areas:

"* Replactiment training of personn49i

"* Permeient change of station travel

"* Depot maintanince

"* Replenishment operes

"a Atfcur r Ing #tod If Icoat Ion

e Pioduction Irkl adjustivierits

E conomic price level (inflatton).

After incoturporting t-. reconciliation ieta'si, The act 'ual costs were compared with the cost
dtfive#J using~ the UPI sy%,im mod.'. Yh6 overall diferences In operating cost was 0.8
pa; Ant,

tome internal uffceottin~i differences caii be attributed Iii part to account int;
incn~~tnc~abetween the 1011 systems wtudli and the actusl AIL reicoras, flOwovof, somie

of the variance can be explained bl the fact that In l',00 the UPI program was operated
below certain requiremtent levels. Fur example, there Is a commonv variance between
o,.tual cost and moidel output cost manfifestnd :A the 1 -)7 and T.38 flight training photo
(see Tables XX and XXI). The moilel ovtput costs eAre significantly higher than actual
cost# . This verlincu Is explained by the fact that In fY 1970, the manning level of
Instruitur pilots was considerably pI1ow nuR. I.. 11-refore, actual costs reflect that
si1tustlor,. "ist model outrulu costs ontetirhatid refietLt the reqiuled Instructor
manning level cut(, en this particular stxem%.ls, tho axcess of the ftidel output actually
subost ontiates Its v si~dity. 

T B I Y

tPI COMr *RA71T 0W.A O IFA NG 1-)T T7 PIIAAI
(ACTUAL Coi0 V- CO17 MODEL OUTPUT 240 HOUR CONCEPT)

Accounting model
Reports, output,

Item 6000O 1000

litident Pay 617,280 116,326

6linmuistur Training 1,)84 kl
Acs~Joeiy/Offilcer Tralining 2,3177 215
Aircraft Maioterince 17,671 16,1185
O~ther I4jufipftint Costs 31,11,11 3U.195?j

Overlie-ad, Ia',ants, Msllnos/,lIiR 6,312

j ~ eset~tl ___ J 9W47)1 S96, ohl.8J



TABLE XXI

UPT COMPARATIVE OPEPATING COSTS T-38 PHASE

(ACIUAL COST VS COST MOM¶ O'1)PUT -- 240 HOUR CONCEPT)

Accounting Model
Reports, Output,

Item $000 $000

S.tudenlt Pay S 21,982 S 20,898
Figqht Tralnh~ig 15,027 19.989
Simulator Training 1,509 1,656
Academy'Officer Trairing 3,011 2,925
Aircraft PIAuintenanct 36,14.6 33,81.0
Otf~ar CQulpmarit Costs 94.,057 88,398
Overhead, Tenants, miscellaneous 13,017 7,929

Pf'swo Total W481,749 1175,635

liwinmery-

In view of me outcom'e of the comparison with *ctual cost data It was ~uc~urded
that the OJPT systeim model slfirUctes the custing of tii. existing progiram with reasonable
accuracy arid wilI bo a satItfoctory analytical tool for rho @valuation of alternative
Future UPI systomb,

k.10 1 fioV Cost ModfoI

Tits 'kIipllf led Cost Mode' (bCM) sime dvsigned and developed for tits purpose of
ciunductlieu tienbil ivIty anelyui on the key faetws thaw. Influenice UPI cost, Ilie UPI
system model could not be appl ltd effectively for this poirpose be(cause It was designedo
for deriving tree t-lIvr, platit and dotal led coating. Much of the output of &.hit lerito
m~odl wit unreceot,%rf fur 0ig purpose of fortiltlvlwy analysie,

Actually, tho SimolifirnJ 1.st Modol (%CM) Is 4 derivative of the UPI systan, rid
with factors *ffl.'tinU tfrarrl tion plean renouved. Iiae (ii requIres only 4.000 unkIt of
Computer Rericny ivolparU tio tire 1.i,,UPO unlite required for thr UrT systw' mode I, Iluwvvar,
allI thp (,oits con~sidered tit the Urt Slyptem Model are @lot, cunbldere In tho 41mlipiflod
Cust Model.

Ilia reojol. wt tits 604 and tite Uri byseitaf Mcodel are wi thIin uoe perceitt of oof,
anothe r, Therstfor, 04~ SCH "as considered an accurate analylicel too% for detere-inlit
sane Itlvi ty.

Yhe resulth of th.e sanseltlvily anal-i siluIng tho SM Poill Lo Ulven later tin Jit
report when tlie .vyiuetlotir of the alterfatilve future UPI systom tptciCnfs Is presented.
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DEFINITION OF ALTERNATIVE FUTURE UPT SYSTEMS (APPENDIX H)

The alterrative Future UPT systems described In this section represent the best
combinations ot the training concepts and training equipment that up to this point hove
1,e. a;J.L Independently. Esch C,' the options Is desigtaed to sccomnpl;th the training
requiremoents Identilied for the given system.

It Is Important to recopnlze that the )•stems Approach tc, Tra~ning concept (SAT) does
not allow for a maJor chang. In one system element without having on effect on the rest of
the system. Therefore, If changes are to be 'nade to the tystem options presented here,
4 complete revaluatirn will be necessary to d4termlne the offVct of Ihe cheng,*,

ReOuction of st.o t on.

Initially, the cumolntlo of triltling rc.:julrements, training conceoptb, aod training
esqulpt•t4L pruduced 14 systems, Ilt., 14 systeisvi were ifuuped Into three overall concept,
ai shown In rfIgure 29. From thuse curriculum concepts, It can be seen that trvanlnýj

C PON•CP? I w lWtuv hly tAftNIj RCOUIRCMtNTS ,- INtRALIZ11 OPTION

CONrKIPT V 7WLNt • * SIX TRAINING 9Q0lftLMfNf) -- QINI[RALIZCC) OPTION

bIUtT IP1AIV PRIMAfh tvi&

AINGLI PHAHI

CONC/PT IF TNRTT TRAINING RFOuIREMENT5 - PIIALIZ(OOI'?I9fCl

PAIR

7WlU r .rMAR.

riture 29. CurriLuluVI CUrlLSepts
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re"'ulrepments on future UPT drive the choice of generalized or specialized curriculum
.1- W's n he saene manner they drive the choice of training hardwaroo. The finding that

It ;% not economically feasible to train all 30 future training requiremoints In a general-
ILed tral-t'ng system was deducel from tt'e .omiwmotnality criteria used Iin the selection of
training requirerient~s. Thi criteria ~3f based on the numbers of pilots requiring *kill
In the performance of a particular task and whether or not the task was sufficiently
commwon across operational aircraft to be considered a S~rgle task. Therefore, the
training requirements were categorized by their degree of con'iontality. Tasks requiree
by a.ll pilots had this highest degree of coam nality aid, thus, are generalized. Converself,
those required by fewer pilots had a lower degree of commronality and ar* specslized.
Therefore, If a!J.-ringrequi remets were taught to all students In a generalizer
UPT, many students would rceive training In some tasks which would not be used In their
Initial operational assignments.

Training recuiromonts were used to Illustrate the commwonality continuum from the
20 training secuIrements tavght In the currant generalized UPT Program to 26 requIrements
Identified for future generalised systems, and, fineliy, to 30 requirements whic~h moy bV
Introduced economically If specIm~lied tvaining Is adopted In Future Undergr.aduate Pilot
Training, The task commnonality ant lysIs providoid evidence that 26 trainingi reqvirements
Is the I~kqtIy break point between generailze'i and specialized training systeirs, If
26 or less ie- ;#1ipzed, generalized traininig )s justified. If more than 26 are adoptod,
specialized tralintig should be employed. 1, folilows that a graduate who had acquired
more of the &1,ll14 necessary In the performants of his operational duties Is of higher
qualit, lien one who lied acquired a fewo- number of required skills. Therefore, quality
Impiicottoifn can be tied to the number o!' training requirements Incorporated In a
partIcula- UPT system option. Thesoi ovnsiderations 4re Illustrated In figure 30.
'Able XXII shows the 14i Initial candidates

sete .l-on' willi the .Aircraft employed
In each f.stem, All of Pise aircraft have
been previously Identi 'led. In the Iinitial to~
ph.aja of ofivisuat r-to its, 14ii, sy.oe Upt oions
transition plans for otch of the rystems
were eaamlned to Lost their feasibility.

Trio folltwing grouno rules were
established for the system trdns~tio,, &1¶

4P ties &he Current equipmenit - lue)'Csmnl n ult
thitl gruund rule was ar Cioure I0 Cu nunaium d ult
express In vf the reality Ctnu
that new equipment cannot beio
justified wheon current
cqulprAntl 1; si@liato. Iti, aedqus.~y in numbers of tne rurrent trainroo
aircraft was doetemrmied by# the life expectancy mvdoi described earlier.

a Conpiliance with system acquisition directives -- this rule ensured realistic
guideliies on the amount of tine required for now systems to come Into the
Inventory, A go-ahoed decision date of January 197) for *)l fiew e4uipment
was assumedl.

a 0O'orat lunal Veorie 1~99J andi utable ttgeou t, 19510 -- systemso must mteet thitl
scriteria to stay wi'hltt tihe tife fratnc oV Interest, tIeeodiny thitl firocust
limit greatly reduces the validity cof the force structure prulactions arid
makes prediction of the trarinltjo requirements extremniioly dIffit-ult. Appliyng
these 9 round rules tt. tits 14 s-sitem optioins prudu'red ~he dittrilmut iou IhitilI
In labfi ~XXII ond r'fsuiteci In eight ifable system 'iptionsi. Of theseo eight,
two systems (Co-icerts 1l-1 and i11-1) employed a light propeller driven.
primary aircraft. These twu candidlate gVqftan. .. r va.i#.Ae4

-

frio tthe ant Iye is Ofr operational reasons evert L'o'.)vp pre I i*Jisary u.stl'.1
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showed them to be attractive. The fcllowIng n*Jor arguments wero the
basis fir rejection:

" UThe light propeller aircraft Is limited In the arnunt of training It. 'ý.n
provide. This Is due to Its la-Io perforrmnce characterlstics and low
operating ceiling. If the aircraft Is Increased In performance, It loses
Its roqt edvantege.

" OpereLic of the I.ght propeller aircraft In Future UPT will be more
d;ffIcult than the all-jrt approach. The proptller aircraft will be
operating below 1O,000 fNot for all Its misilors, and will have to face
the Increasing cvi lio Itraffic projected by the FAA for the low altitude
Structure, In ldltllon, the tremendous disparity In performance bet,ween
the prop-primry trainer and the basic Jet trainer complicates the operational
problem. 'Ath rejection of t0a prop-primary systems, six viable, system
options remained and they wera suojected to furthvr detailed analysis u.ing
the UPT system model.

YABLE XXII

rUTUP.E UPT SYSTEM OPTIONS

Genera!ised (20 Tr&InIng .. I, A f

I Pma ry A •£ • glral - TTU ýIMMU - l :7iu i.
Con-,nt I .- rJ4jn"JLjJ i-A T-38

Genera I IMd (26 Telnlng

(ilncept Ii •-"1Jb II "- A T-)7 T-38

O A7 1-38

C 1-37 A-

D TA-? TA-)

I TA-I T-)8

F TA-i TA-I

Single rheso *.----- G TA-) TA,'J

bpec IIo a:0d (3',) Trs'Inlo:g

MAMMd !6i. Oor 4 -- pM "sails

.,,ept Ii ,JJL• l"ifl-A T-7 1T-3 TA-

I TA-2 T-)$ IA-i.

C 1-P7 TA-) TA-J

0 TA-2 TA-) IA-d

9 TA.I T-38 TA-.

F I1-I TA-) TA-o

T(,tal I4 UIT lystlr' Uptlornt f(Lr tI4vatlo kn
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TAbLE XXIII

ALtRANATIVE SYSTVM4S AN, LYSIS

NmeofColumn I Column 2 Column 3
Training Impractical operatlonel P0116171111

Conce'rc ROQLlIremisrits Combinations Post 1990 Options

20 A. I-M-)7T.8

II26 C, T-37/TA-) D. TA-2/TA'j A, T-37/T'038
F. TA-I/TA.3 S, TA-2/T-)P

E, TA-l/T-3S
1, IA-)

Iii30 C. Y-37/TA-3/
TA-'. 0. TA-2/TA-3/ A, 1-3177-381

TA-i. TA-li
F. TA-I/TA-3/ U. TA-2/37 al/

TA-'. TA.'.
t. TA-l/T-381
I TA-li

new um 1 . etwootin are Inipvoilble Irecausti the 1-37 %,11 1 riot last until the

no aircraf ac L~s~tion Is )ustlfleci.

(uon2 four options cannot ba arhileved until post-1990 b.euto the tiv
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of the1) -38,

- Colinin 1, aobt' viable #yt" tc.. .... dta at~iii ~ttI. In~i'g

Qrý,unaj fulIG,

toot' uf the Future U111 system u,,tiurs vil ; nb' Lot JeltriLed I H d~talI, C t r Icl ulun
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up t I oiq , f *1r pulpusts uf review, tine~v ire in~ Iver lvrto'i *tit si re:

0 Kedu(.9d Traiorilrl5 Flats 0 Ludiirlt Ila(.* Wll;Oelt

* I ert.i eig Center a (eot ralliad 'OildirnL WOL11i I

* reinitig Ieriagar 0 Stu'Ie't (valyiut'vi,

0 IDfnandcl UI,,rvor.
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STE T2E

STEP 6

0 tii I was OýCz: t:;1zplhdLyO akadcmiilt aLnalysis..i...
* $tell 2 via% to dateroint tho's. t ral n iiig ulijec t I vct f or wis ch a sisoc I f Ic

amount oif traIr-ing tireo cot, d niot its Idoint Iflied. Ai' on exampiii, fcormatlor.
ijisciri 'ne It an Irnpurtant tralrrln'j objectivye. Vut It Is a resultant I~r~o
ocoi~iqiui 1,y (vufiuit Iva trai,.inj In other train1 i-j event-.. I'Ic;.t
tlicto ti, fir.1 vest Ili thut mi'lliOr p royi ded 1111 U' l i f'', . til n'murit of tralin Irg

Or $toil 3 vlas to list all Ur thle trilrll.f maneOuvers thatý cQUld be clearly
d.ef lIt-d It,~ of tirie rq~juired to OXCLUte,

0 14j %los s tuo etthiat, tile overoijit rlinfhJar of t Ir~s a student neadod to
practice a given task to reach all Iirltlal capabillity Arid huw fnimiiy times lie
needed to practice thle talk for reInforcoe"'nt to reachi proflclency. These
sittirates were rinds fruiovirerpircal date, where pos'ulble. Fur 4q~ar.1pIs, aftuai
averaeu viert obttained frotn 1)11 bnte% for tie mornber (if Inst rum'ent approaches
arid nulnior of landln, irg Ex )perlOrlLed Judgmeonts were mrade on thle numbler of
ruiput tug's requiuted fur Ihe otiler tralrilnt, mlaneuver-, srince actual datb were
flu t a v I 1ob)lI,

* lotel' ý; tie numbjer of repetitions thus dorivod wee@ multiplied by the
arroolt (if tiria4 ro'juI'ad for 4I~il event, Till was a straightforwiard procei-%.
lruwflvnr, bomo trainirigj cvents, such as straight slid level (Ii igt vi,*re known
toj halve a lirge mmeuutit of rtiltfortsitiont tires. This wap a rof becrtionl of
ceirtain Inlfpfki~ericlos that roesult In the ionduct of an alrcroft rAleisiorI

tile trbiirlti'j liret It, rot a trainiing talfuirertwtilt after '11e stUdent iLb



mastered straight-and-level flight. it Is an operational requirement for
which you must pay & training penalty. Reflectin; these operationa;

realities was accomplished by st.,n Ing up the tIoe. raqul Ie4 to &ccoanpIish
all the training events, assuming pVrfect mission eftkrlency. The number

of missions necessary to fly this amount of time was estimated And a

stralght-and-level requirerent of 10 to 15 minutes per mission wa, added
to the overall time. Wit:, this, the total amount of flying t;me required
to train the student was determ;ned,

0 Step 6; the flool Important process of assigni•j training time to the
different training media -- the aircraft *iu/or the simulator.

The evaluatlor process examined the training requirements for each of the major phasew. I-

the pilot training program -- Instrumentt, contactformation, and navIyation. The We'.ction
of traln~ng medli for each cf fic phases was deteimined to be 'he aircraft and/or the
7S-2 siriulator flot tnc instrument phase and the aircraft and/or the TS-3 simulator for the
contact. formation, .-ýd navigation phases. These two groupings of training media wil now
be examined Individually.

Instrument Phese - Aircraft and/or TS-2---

In examining the training requirements for the Instrument phase of training, two
Important facts surfaced about the choice of training media. 'Irst the aircraft Is limited
In Its ability to accomplish the #ruining requirements. Sec-nd, the weight of effort
devoted to Instrument training Is out of proportion to the training effectiveness that
was derived. To substantiate these statements It Is necessary to highlight certain "spects
of the Instrument training conducted in the current UPT program. First, the aircraft Is
limited In Its ability to accomplish the training requirements mainly because of Increased
traffic control around approach facilities. The density of air traffic Ir ise vicinity of
"I'T boses today necessitates the modification of practlce Instrument eppr.,ecI'es to the
extant that they are often uneslistil.. Table XXIV shows the average prct ice approach
minimums at the UPT bases. These values art vety high compared to tý,e typical minimums
for these type xpproaches tTACAN and VOR to 6O0 feet, ILS to 20P teet, and GCA to 100 feet).
Those facts do not show the use of outlying facilities which require a large amount of
transit time end are becoming more difficult to use due to Increased traffic. As It
stands now, use of these f&cllltleA Is possible onmy uscause of letters of agreement which
limit the number of aircraft. With projected In;reases In traffic, tuss of these facilities
will become more restricted. In addition to
these high minimums, the practice approaches
have other distortions These distortions TABLE XXIV
are as fol Iws-

UPI PRACTICE APPROACH MINIMUMS (AVERAGE)'
" The width of the azimuth r.,d

Clide slope beams for p-actice TACAN VOR ILS GCA
procislon 4ppra&rheb are wide at
the heights and dlstance' f-om MOA: 4600 MDA: 3050 OH: 300 DH: 860
the runwa/ that are necessary to
avoid other traffic. Gross
de'lot~ons In rate cf descent t All altitudes In feet above ground level
on"' heading at these distances _

show little deviation on the
contoller's radar scope.

"a Apnroaches are often to a point in space rather than to an actual runway. Ott-ers
are offsat 1000 feet or mot* from the runway.

Many of the VCR approaches are not to completion; i.e., they are flown only until
radar contact Is established.
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"* instrument Lard,ng System approaches o- the home field are flown as much
as 900 feet bdov, the normal glide-path Interception altitude. The
resulting short final approach leaves little time for the student to get
established on the glide path.

"* No holding Is authorized at some of the TACAN and VOR facilities.

It Is Important to realize ti'at all the limitations brought out are not correctable so
long as ATC must continue to use the aircraft as the Instrument training device. While

the deficiencies of the current system nave been clearly established. it must be pointed
out that the UPT system makes tn~e best use possible of the airspace and facilities available.
In addition to the distortions outlined above, the aircraft Is further limited by design.
The students In the T-30 trainer, for example, use the rear cockpit for Instrument

training and are unable to accomplish the Important transitlon proctss from Instruments
to visual conditions realistically. Finally, because weather Is favorable a good part of

the time at some UPT bases, ther' Is a high probability that many students complete UPT
and never experience an Instrument approach in weather with a breakout and transition to
ianding.

Second, the weight of effort devoted to Instrument trolning usl:j the alcraft Is
out of proportion to the tralnlis effectiveness derived. Table XXV shows a sampling 'f

the number of approaches accor'p'lished by the average student. The table also &hows
maximum and minimum numbers which reflect the range of training g]ven to Individual

students. The number of approaches shown does not include those pr-ctlced In the f-4

and T-7 flight Instrument trainers. While the flight Instrument trainers are recognized
for their procedural training value, approaches accon~pllshed in these devices are not
considered as equivalent to an actual approach. The T-4 and T-7 trainers have low quality
control dynanics and no visual ano motl(-) cuing. Considering that approximately 22 per-

cent of the flying In UPT is devoted to Instrument training. then the numbers shown in
Table XXV arc extrencly disappointing. Based o," these findings, the TS-2 st'rflator was

selected as the primary training device for accomplishing instrument training wl.h the
aircraft being used only for valisation flights. As previotsly explained, the TS-2 hus

the capability to correct all of the problems brcught out In this section. Table XXVI
shows the cap6bility of the simulator t' Increase the number of approaches accomplished
in Future Undergraduate Pilot training. As will be established in the evaluation

section, this Increase In quality can be achieved with a significant decreAsc In training

cos t.

TABLE XXV

INSTRUMENT APPROACH DATA

T-37 Classes 72-05, 72-06, 72-07, 72-08

1-3E Classes 72-ui, 72-02, 72-03, 72-04

Columbus AFB

Actual Approaches Flown
T'i7 P ase (195 stu ents) T- 8Phase 18' stuo,•nts) Total

Approach Miinmum Avg/Student maximum minimum Avg/S tudent Maximu-, Avg/Student

VOR 4 8. 12 8.4

TACAN 3 7.8 14 7.8
CIRCLING 3 3.5 6 3.5

GCA 9 13.5 21 15 17.4 24 30.9

ILS 10 12-5 18 12.5
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TABLE XXVI

INSTRUMENT APPROACH COMPARIONS

Current UPT Fu ture Uj_
Event Aircraft Aircrae. Simula~or Total

P recIsiun 43 2) 75 95
Approach

Nonpreclslon 16 8 40 48
Approach II

Contact, Formation, and Plavigation -- Aircrsft and/or TS-3 Simulator----

In -xamining the training req.irewents fo; the cc, tact, formation, and navigation
phast, three ioportant facts were brought out about the choice of training media:

* 'he r'nne of aircraft performance used for accomplishing contact and
formation mi,,euvers definitely established a requirement for a more
sophisticated simulator than the TS-2. The visual scene reomulrenents
for the navigation phase also exceeded the capability of the
TS-2 simulator.

* The conceptual TS-3 simulator will be "limited" in Its capability to
produce %-,talned "g" cuing, and a full field-of-view visual scene.
The u-a of "limited" to describe TS-3 capability recognizes the fact that

oll .imula-Aon involkes compromise. After all, perfect simulation would
ni.( actually be simulation. In the case of the TS-3, the degree of
c3x,-omise with the actual conditions Is greater. for example, than the
T.-2 because the range of conditions to be simulated is nuch broader.
Tie lim.tations of the TS-3 will be based on a dlmlnishing-returns design
philosophy derived from the simulation research projects previously
descrihed. ror example, the horizontal field ot view for the visual
scene may only be 140 degrems because the student pilot -,ay only need
that amount of view to achieve a high level of capability In the *,ulning
maneuvers. Increasing the field of view may not Increase the tr,.ining
value of the simulator or may only increase It a small amount with an
attendant large Increase In simulator cost. The capablllty of the TS-3
simulctor used to determine the substitution values for replacing flying
time were based on technology forecast and subjective training value
estimates. I

* The aircraft Is not an efficient trtining device for Introducing training
maneuvers in the contact, formation and navigation phases. The ccmplexity
of maneuvers in these phases of training make It desirable to use a
training device that can be set to Initial maneuver conditions rapidly
and the environmental conditions controlled to Introduce the maneuvers at
a low difficulty level.

For these rvasons, the training time devoted to achieving Initial capability in training
maneuveri was allocated to the TS-3 simulator, while all reinforcement time for each
nneuvo was allocated to the Aircraft. For those mnrejvers where the simulator lacked
the fie-:lity to train to Initial capanility, only a portion of the training time necessary
for Initial capability was alloc-ted to the simulator and the remaining time was allocated
to the aircraft.
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Tnis concludes the discussion on the main fdctors Zhat influenceL Lht choice of
training media for accomplishing the desircd training task. It should be noted that.
"throughout the process attention is given to the training requirements and matchin.l thc
available training med'a with each requirement -- always employing the least costly device.

Curricultjm

The purpose of this section is to show the results of applying the curriculum desitin
methodology to the combination of training requirements, training concepts, and training
equipment that makc up the six remaining Future UPT syste;n optiois.

Before presenting the details of the training time distribution, It should be pointed
c"Jt tht the training time is expressed in the traditional manner -- hours. Furthermore,
simulation time end ;ircraft time are broker. out to show the Impict of simulatln. However,
it must be unde-stood that an hour is only a standird of time; It Is not a standard for
determining trair.Ing '.'aiue. Ten hours of aircraft time does not equal ten hours of
simulator time. Actually, direct comparison ot an aircraft hour to a simulator hour Ii not
nossible without understanding the purpose of each hour of trairing. A simulator Is not
employed like an aircraft, and each device has unique :apabilitles. This fact hould be

kept in mind when examining the different systei: options.

The six system options a,'e sho.tn for review in Table XXVII. Each system op'ion will
be described separately.

TABLE XXVII

FUTURE UL'T SYSTEM OPTIONS

S.... •GeneraliIzed _Spe•.le•Ized!

Type 20 Training 26 Training 31 Training.
Sytt. Req ui rements Requirements Requiremer.t..

System Ilame Base-line I-A II-A I-B II-GC IIl-A 1I-8

Aircraft T-37/T-38 T-37/T-38 T-371T-3 TA-21T-38 TA-3 T-37/T-38/ TA-2/T-38/_ TA-_ TA-4 2.TA34

Basel ine_

The Baseline system is today's UPT program. It Is presented for comparative purposes.
The Easeline case employs no simulators. Table XXVIII gives the zmount of training time
devoted to each phase.

TABLE XXVIII

CONCEPT I-A BASELINE

Prinary T-37 *T-4 Basic T-38 t.T-7

Contact 50.8 Contact 35.8

Instruments 20.8 27.2 Instruments 22.9 30.7

Formation 3.9 Forrmtion 35.1

Navigation 7.0 Navigation 16.2

To.al 82.5 Total 110

*'Flight Instrument Trainer
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Concep' I-A - -

This systei, option Is the Baseline system with simulation applied along with the
new 'raln;n9 Improvements. This concept incorporates 20 training requirements. Table
XXIX presents training time spent in the different ph.ses using the aircraft and/or the
simulators. The blocks are d~vided by yea, ranges whIch reflect the availability dates
of the simulators.

Concents i1-A 6 B --

These two system options are presented in Table XXX. They have the sime number of
hours and differ only in the type of primary training aircraft employed. Concepts II-A
&B incorporate 26 trzinInU requirements.

TABLE XXIX

CONCEPT I-A

1976 -- 1983 1963 -- 1990

Aircraft and Aircraft, TS-2 and TS-3
TLZ .aMhnLato _ _ ~J~lSmulator
T-37 TS-2 T-37 TS-2 TS-3

Primary Hours Hours Hours Hours Hours

Contact 50.8 34.8 16.0

Instruments 2.8 31.4 2.8 31.4

Formation 3.9 2.-, I .0

Navigation 7.0 5.1 1.9

Total 64.5 31.4 45 31 13.9

1976 -- 1983 1983 -- 1290
Aircraft and

TS-2 Simulator Aircraft, TS-2 and TS-
S imulator.

T-38 TS-2 T-38 TS-2 TS-,'

0asic flours Hours Hours Hours Hours

Contact 34.6 20.4 14.2

Instruments 2.6 36.4 2.6 36.4

Format Ion 36.4 22.8 13.6

Navigation 16.2 14.. | 1.9

"Totz. 1 89.8 ?'.4 60.1 36.4 29.7
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TABLE XXX

CONCEPT II-A & -B

1983 -- 1990ItfJ6 -- 198 Aircraft, TS-2 and TS-jA ircraft an j .u o
__ TS-2 Sim, llatorI

T-37 or T-37 or
rA-2 TS-2 1A-2 TS-2 TS-3

Primary Hoursf Hours Hours Hours Ilours

Contact 5o.8 34.8 16.0

Instruments 2.8 35.3 2.8 35.3

Formation 16.9 !11.5 5.4
N~avigation 5.8 17.',' I..9

Total 80.3 35.3 57.0 35.3 1 3.3

1976-1913 1983 -- 1990
Aircraft and Aircraft, TS-2 and TS-3

TS-2 Simulatoi S inulato,

T-38 TS-2 T-38 TS-2 TS-3
basic Hours flours Hours Hours Hours

Contact 34.8 20.5 14.3

Irstruments 2.6 3G.4 2.6 36.4

Formation 27.6 17.3 10.3

iavigation 26.. 24.6 1.5

Total 51.5 3S.4 65.0 36.4 26.5

Concept II-r

Thi-, system option is a one aircraft procira,,. Table XXXI shows that the time period
of this 5vstem does not begin until the early 1980s and is a result employs both simulators
frao its btginning. The s,/ste. cannot Ue employed car!ilr becau;, of the life rerraining
in our current trainers. Concept 11-G incorporates 26 training requirerments.

Ccoecept III-A .11d -8 --

These two system options are presented in Table XXXII. The systems have the same
number of lours and Jiffer :)nly in the type of primary traininq aircraft emplMyed. The
acronym FAIR stands for Fighter, Attack, Interceptor, and rteconnaissance. while the TTU
acronym represent,, Tznker, Trý.nsport, and Bomber specializatloti. These twu syste,.is
incorporate 30 training requirements.

Summa ry

Tables XXXIII and XXXIV provide tota: hnur srmvnaries on the Baseline and the six
system optlons. In addition, they - ctw the number of dynamic observer hours (student
flyings As third seat observer or team flight), copilot time, the nimber of cockpit
r,roceoures trainer hours, and academic hours.

M9
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TABLE XXY.I

CONCEPT II-G

1983 -- 1990
Aircraft, TS-2 and TS-3

TP3 imulator -
I TS-2 TS-3

HcursI Hours Hours

Contact 5;.8 24.o

Instruments 4.5 76.1

Formation 26.5 16.0

Navigation 22.3 7.0

Total 107.1 76.1 47.0

TAaLE XXXII

CONCEr'T lI;-A F. -•
1976 -- 1983 193 -- 1990

Aircrjft and Aircraft, TS-2 G TS-3
TS-2 'imulator S____Sirulator

r-37 or T-37 or
TA-2 TS-2 TA-2 TS-2 TS-3

Primary Hours Hours Hours Hours Hours

Contact 10.8 34.8 16.0

Instrumcnti 2.8 35.3 2.8 35.3

Formation i6.) 11.5 5.4

Navigation 9.8 7.5 1.9

Total 80.3 35.3 57.0 35.3 23.3

1976-1963 1983 -- 1990
Aircraft and Aircraft, TS-2 arid TS-3

TS-2 Simulator Simulator
Specialized 1-38 TS-2 T-38 TS-2 TS-3

FAIR Hours Hours Hours Ihours Hours

Contac, 34.8 20.5 14.3

Instruments 2.6 36.4 2.6 3C.4

Formation 27.6 17.3 10.3

Havlga.ion 26.5 24.6 1.9

5pec~~e!•ze4 .13 -•r. .

Total 104.7 36.4 74 .o0 36.4 1 30.7
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TAPLE XXXII (Continued)

1976 -- 19E3 1593 1- i99C
Aircraft and Aircraft, TS-2 and TS-3

TS-2 Simulator Sim:Jlator_

Spe('allzece TA-4 TS-2 TA--'. TS-Z TS-3
61b Hours Ilours Hours :::-irs Hours

Contact 39.5 2ý.3 14.2

Instruments 3.0 36.4 3.0 36.4

Formation i.0 4.0 4.0

NavigatCon 33.0 11.5 1.5

Total 83.5 36.4 63.A 36.4 !c.7

Sýy.tem• E•uqirient Requi rements

The quantities of aircraft, simulators, cockpit procedures trainers and bases
required for each system option are sumnrdrlzed in Tables XXXV and XYVI,

The Baseline system employs only the T-4 and T-7 instrument trainers instead of TS-2
and TS-3 simulators.

Quar.tities of T-37 and T-3f aircraft and their associated cockpit mockups and SPTs
reflect the ma imum numbers required during the system life cycle. The quantities in
parentheses are the same quantity plus attrition aircraft through year 1990. As
,ii jiution is introduced the T-37 and T-38 requirements will decline.

Conceptual air~ratt quantities not in parentheses are required for system operation
for the 3665 graduate production leel at that point in time -,hen the system is fully
operational. Nur.ibers in parentheses include attrition aircraft through year 1990.

The number cf CPTs shown for system II-G reflect the requirements until year 1986.
W4hen the TA-3 aircraft is introduced he quantity of mockups and CPTs will decline.
Tic number of bases ýhown in the taL, oere derived from a base capacity analysis which

will be described.
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IlaiiioLdpaso.1ty AMA ysis.It..__..I

Ilia ATC "Maximnum Odor Cepeb'llIIty Study" was used so, this coo~p.4tatlIon model to determine
thle m&Aimum operatitinal capability of Future UPT bases and tne minimum number of such
bases required for thoi voriwou system options, The "ieaR!geitum late CapabIlI Ity I tudy"
cCurputai the present fteami'um annual pl lot productlIon capoib:l Ilty of each UPT basa In terms
of uoerst lwiai potent ial (runway ceieabl II ties) . It is.,l spocific base-related StatistiIcs
t.. arrive at those production Capabiitie.is.

It wet bey#7nd the scupt. of this analysis to determinel which, or hos many, of the
voeoeot UPT losses will actually be used In Future Undergraduate Pilout Training. For
thIV reason, statý60C.0 fur an "overage" UPT bass wareo used In this analysis. Results
are given lie terms of the minimum number of "average' bases requi red to ffet the Fuzure
UPT total p'rodi"e luti goals

Cinie key atsump~ilun "as made toe risks this ' eve ' sg~ire a meaningful ejeorciss; F.AmnIly,
tholt fa1LilitIuS At the biT baoset are sufficieont or will bes made tufflcient to reelt 11,9
trole'ilrej load specified for the various system, optloris,

1401WkatVI loe of IeLrnastrd foc.1 I lit ie reejulrvi.nti v; acrco'r I l.hd fur those
Syllrmn optiori' rnuiuirino u ror facIlItios and this Infurr~itiori It, Ieecludd In the systoo'

tIh ctotruutat lon of i, raA It lw opera tilonaI La6pab IlIIty rear year of a UPI toase I nvolIves
seveeral steps. It begins i'ilth tho nr'iume: of sorties c.opable of lining larenched per hour

s',ir i r lnUerl, eint) ann' applies tucle fec tors as roatni red rnurvbq oef ovevrieqad sjr ties,
ul~rntof~rditgr~rea ut.(Cas factor, woather cons iderat Ions, doylighit hours availale~

ficr Vao~, vw,iri-vrg days oval l-.i.l gec yiear, num.' r of sortlies required to suopport, a
spa~ciflold c,4eu so of ieestruction, Jrjoe' uf tie course of Iintruction, and -ttrition rote

u * 010 bi * .0 ;1 Ji I'~o, 7 viu t4U to trio flaxmum operat iceral potrent ial (.A~r~rsseu
Ili Ilia flumbor of greeduatos) a I o, It capable of producini, per year.

I t Is infoortimnt to br Ing out ilet no &I i'AOanco Is niedo in those coirputat lWro fnr
,arst lutial factors whWI. rmAV I Ind. Vie attalinment of e'aimxe'..m capabi lity operation, These

factori IncluC~. suc~h Itemis as vittandoil nonflyabia weather above that predicted, major
runway repolro, and air traffic control Inefficlenclus. ror tliese reasons, the docisior,
v~a made not) toj load @m~y I)&%@ ver 95 percent of cor-puted capacity.

I bually, a decision was modi for tire ansl',0s to raraintuln the number of baoses required
(for thea first level of simulation (Tli-2) after :tP- encord level of simulation (TS-3)
Is Intioduced. This decision was reads for thre%; tinsons

I) The Airzpact, ird Air Traffic Control Analysis I~~te ncreasing~
p~ressure on tipr flying activities In the pt)st-19b time frame.
Un'jorgroouaot Pilot Training bases may not have the airspace available
to support a pt'oductlon level based solely on tr., maximum number of
sorties possible per day. Th. Increase In civil air traffic will, e'f.et
likely, make It riandatory that WIT flyling activity be dlotrlbuteo (,-or
a wide area with iess activ~t.' at any given location.

2) It was felt that lihe large student load, requirecl If only four w' five
bases w.are used would crests scheduling and student management Jii'uitloo%
Iic the flying trainirg progrcrr

3) The TS-2 simulators, buildings. edditionel training facilities, and heousing~
will al reedy, Lo In )lace at tie numrber uf bases requi red undeor the TS-2
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level of simulation. Closing beset and Increasing the student load at
the remaining bases would require moving of this eqtilpment and the
construction of additional buildings.

With theou two deckiions applied to the Maximum Base Capability Model, the number of
Ltses was computed and the rA¶Atlng required pruduction per Lase used to compute student
loads. The cnnclu$;.,ns drawn from this analysis are as follkws:

" 1he 70 training requirements, Jet, generalized multIphase training
syst'is (T-37/1-38) will require a minimum of six bases. A total
expenditure of approximately $6,534,000 for additional bachelor ofllcer
houf.lng will be required If six bases are used,

"* Thtj 26 training requirement, Jet, generalized multiphase trainlig
systems (T-37 and T-3e or TA-2 ard T-38) and the 30 training requirement,
Jvit, specialized multiphase tralilng systems ('-37, T-38, and TA-o or
TA-2, T-38 and TA-4) will require a minimum of seven bases. A total
cxpenditure of cpproxlmaýely $5,621.000 for additional bachelor officer
'lousing will be required If seven bases are usei. Adoption of a 30 training
requirement optio, will require one additional runway at the seventh
base at a cost of approximately three million dollars.

"e The 26 trali. ng requirement, jet, generalized singi" -be training
system (TA-3) will require a minimum of six bases. -&I expenditure
of approximately $6,270,000 for additional bechelo .0w ;',u~ing will
be required If six baics are used.

Additional Facilitles Re~ulred

Additional facility requirements for the system options are listed in Tables XXXVII
(6--1h TS-2 simulators) and XXXVIII (with TS-2 and TS-3 simulators). The major require-
ments are for simulator facillitls and additional BOQ units. As previously explained,
one ad.litional runway Is requir-c for specialized systems since seven, three-runway bases --- 1
are required.

TABLE XXXVll

ADDITIONAL FACILITIES REQUIRE,
Systems Employing 75-2 Simulator

Gon roI i Z~L.... Specialized
20 Training 26Training 30 Training
Reaulr,,nents Reuiemnt Recluirmntjs.-

Svstem Baseline I-A T7I --A II-B II- Mi-A Ill-B'"

Alrcreft T-37 T-37 7-37 TA-2 T-37 TA-2
T-38 T-38 T-38 T-38 TA-3 -38 T-38

TA-I. TA-.

Simulator Facilitiesi -0- 32i,240 374,780 374,780 374,780 374,780 374,780

(Sq Ft)

BOQ Facilities • -0- 594 511 51 570 51i 511
(units)

Additlo,,el Runways • -0- .0- -0- 0-0- -0-

I'J0 per square foot.
t$11,000 per unit (0 person) IAW AF Pamphlet 88-16, 28 May 70, "Military Construction

rricing Guius.
1$3.0 Mllllon per Runway.
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TABLE XXXVII:

ADDITIONAL FACILITIES REQ9IRED
(Systems Employing TS-2/TS-3 Simulators)

C__ entralized Spec!alized
20 Training 26 Training 30 Training
Requirements Requirements Renui rements

System Baseline I-A 0l-A I-B I1-G aill-A III-0

Aircraft T-37 T-37 T-37 TA-2 T-37 TA-2
T-38 T-38 T-38 T-38 TA-3 T-38 T-38

TA-4 TA-4

tSImulat,- Facilities -0- 562,170 749,560 749,560 749,560 749,560 7k:9,560
(ýq Ft)

IBOQ Facilities -0- 534 5!1 511 570 511 511

(Units) $

IlAdditional Runways -0- -0- -0. -0- -0- I I

t S$&0 per square foot
S$11,000 per unit (I person) lAW AF Pamphlet 88-16, 28 ma./ 70, "Military Construction

Pricing Guide."
S$3.0 million per runway.

Total System Personnel Requirements

The permenent "axy perso.inel requlreni-erts for each system option are listed in
"fables XXXIX (Glth T$-2 simulators) and XL (with TS-2 anJ TS-3 simulators.) These
requirements are output data from the UPY systems model. In addition, the student
population Is piesented in Table X(1. The data represeat the student load per base.
System student popu.lation was found by multiplying student load per base by the number
o~f bases In the system. The stueent population is based on 3665 graduates per year.
Systems with longer course lengths have :,igher student loads relative to those systems
with shorter co-Jrse lengths.

TABLE XXXIX

PER'.,,NFNT PARTY '"ERSONNEL
(Systems Employing TS-2 Simulator)( Type SystemLA -- 20L&..'... TR Cie -- 26.......... 9 30 TA

System Nar'n Bas&.ine I-A I-A 11-1 I-G Ill-A 111-8

Aircraft T-37 T-37 T-37 TA-2 T-37 TA-Z

T-38 T-38 T-38 T-3-8 TA-3 T-38 T-38
TA-4 TA-'.

Officers 3,268 3,276 3,647 3,654 3,198 3,6V1 3,675

AI r nor 11,592 9,324 10,374 10,626 9,606 10,143 10,388

Civil an 5,320 4.332 4,872 4,956 4,428 4,788 4,879
T,,tal ") ,200 16,932 18,866 1 7,232 I1,592 18,942
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TABLE XL

PERIMANENT PARTY PERSONNEL
(Systems Employing TS-2/TS-3 Simulators)

Type Systcm Gen -- 20 TR Gen -- 26 TR S c.-- 30 TR
System Name Baseline I-A I1-A 11-8 II-G Ill-A Ill-B

Aircraft T-37 T-37 T-37 TA-2 T-37 TA-2
T-38 T-3.' T-38 T-38 TA-3 T-38 T-38

TA-4 TA-4

Officers 3.288 3,228 3,605 3,612 3.156 3,640 3,647

Airmen 11,592 7,794 8,904 9,086 8,064 1,862 9,037

Civilian 5,320 3,798 4,354 4,403 3,876 4,347 4,389

Total 20,200 1),,820 16,863 17,101 15,096 16,849 17,073

TABLE XLI

STUDENT PERSONNFL SUMMARY
(Systems Employing Either TS-2 or TS-2/TS-3 Simulators)

Type System ?Ger -- ?0TR _en -- 26 TR Spec -- 30 TR
System Name E I-A II-A Il-B I-G II-A I I-B

Aircraft T-37 .. T-37 TA-2 T-37 TA-2
1-38 1-36 T-38 TA-3 T-38 T-38

TA-4 TA-4

Student Load 564 539 (51I)t 539 (510)t 544 5;4 534
per Uase

Number of Uases 6 (3 Rwy) 6 (3 Rwy) 6 7 7
-1(2 Rwy) I (I Rwy)
7 Total 7 Total

Total 3,384 3.745 3,745 3,264 3,738 3,738

Systerr Student
Pupulat ion

t Numbers in parentheses are student load for 2 Runway Base.
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MISSION ANALYSIS FINDINGS (Aopendix I and J)

The purpose of this final section Is to show. the major decision dates atd cost of
each of the six future system options described In the previous section. Figure 32 is a
portrayal.of these six system options. The figure serves as a decision :rje and maps
out the logical paths available to tne Air Force for conducting UPT In the 1972 through
1990 time period.

Decision Tree oesijn

It Is important to highlight the fact that the decision tree design places emphasik
on training requirdments and concepts. One of the significant findings of the Mission
Analysis establishes that Future UPT should Include increased training requirements, and,
therefore, the path toward Increased training requirements is the most logical one.
All of the data that will be presented on the six system options are based on a total pilot
production of 3665 students annually through 1990. Therefore, if graduate production for
example should decrease, some of the decls!on dates for the various system options
would change. The simulator decision dates would not change, but the aircraft decision
dates would change to later dites.

_yst!ý.eam ons Eva l uat ion

Each of the six system options a111 now be evaluated in terms of the major decision
dates necessary to reach full Implementation. Certain advantages and disadvantages are
given for each system option.

Option i-A, T-37/T-38

Only one system option, Is viable If thr Air Force c.ontinues with today'4 20 training
oequirements. No other mix of aircraft were considered because wits simulazion applied
to today's M.f .et hcr program -- the T--37 and T-38 will lost un .1 1990. Also, no
consideration was given to a specialized training approach because vi;th only 20 trciloing
requirements there Is no justification based on the coemnunality of training requirements
to adopt a specialized approach. You will note on the decislor tree how the Insufficiency
dates for the T-37 and T-38 aircraft change as uilulation Is Introduced.

The decision dates for the two simulators will be explainsd in detail. Table XLII

shows the program phase for the TS-2 simulator. It should be noted that because TS-2 Is
off-thg-bhelf technology, there is no need to go through the validation, ratification,
and full scale dsvelopment phase. The only reason a program decision Is necessary In
1973 Is to ensure that the simulator buildings are initiated in the MCP cycle, to be ready
In 1976 when the TS-2s are delivered. This program phasirtg for TS-2 will be the same for
all system options. Therefore, It will not be covered in detail again.

Table XLIII shows the program phase for the TS-3 simulator. It ihouid be remembered
that the oronram dea iuIon datta_ r l0-?? e• e !-d .'. by...... !+ . th" - o vwu-.,.u"'
research underway in UPT and simulation research programmed for other Air Force projects.
The program phasinj for Ti-3 is also the same for all system uptiorns and will not be
covered In detail again.
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TABLE XLII

TS-2 PROGRAM PHASE

Phase Date

* Program Decision 1973

Validation Phase

Ratification Decision

Full Scale Development Phase
a. Developmnent Award
b. Completion of First Unit
c. Test

& Production Decision 1974

Production ?hase
a. Award 1974
b. Delivery of Fliut Unit 1976
c. Delivery Schedule, MHximni.m 12/48 per year

co¢mplxes/cockpI ti

TABLE XLIII

TS-3 PROGRAM PHASL

Phase Date

* Program Decision 1977

Validation Phast. 1977

Ratification DecltIon 1977

Full Scale Dovolopment Phase I 1971-1980
a. Development Award 1978
b. Compl-tion of ir.t. vnit 1980
L. Test 1980

e Prnductlon Decision 1980

Production Phale
a. Award 19b1
h. Delivery of First Wilt t.83
c. flellvery Schodvia, Maxlmurt 12/48 per year

comploxes/hocp.ni ts

102

't J" rW ql• m! ,f•t• -



In surviarv ot this system option, It Incorporates today's level of training with the
tecnefits of imulation applied. The findings of tie mission Analysis show that while th~s
system~ option may be adequate by today's stindard It Is not adequate for the 1972-1990
time period.

The remaining five options provide for incremsed training requirements, and are
designed to provide the quality needed for the lFuLore Undergraduate Pi lot Training. The
ne~xt three system options to be discusseuj Incorporate 26 training requirements.

Option [:-A, T-37/T-3

The decision tier. (Figure 32) shois the insufficiency 'Ates of the T-37 and T-38
*aircraft for this option. The system uses the T-37 and T-3CP In equal proportions .)f

flying and sim,'lator I,.-urs. As a result, the T-37 Is driven to Insufficiency in (.umbers
prior to use of th'i TS-2 simulator. How~ever, the Insufficiency Is ,*mAll, approximately
11 aircraft, and -.an be overcome~ by tte porrrariiy qoin!g % a hltjher than fiormaw uti li7'r.ý,n
rate. The ma ' or d sadvantage of this systemi cmnncerns the necossary decision. to hoy 0ev..
T-j7 aircrait In l9,1.

Aithouyjh buyinf, T.37 a~rcratt it 3n acceptable solutl n to riake tile system lasi
through 1990 -- It [s no* a tiicly oni'. Tt-e occision on thle number of T-37 aircraft to
buy depends oii the ccnf idi.nce level of TS-3 simui.,tIon. if enouqh T-37S are bousght to
cover a major s iippage in 1'.-3 s~imulation tTable XLI 1i) -- 242 ai rcraft mu-,t be purchased
in 1973 for delivEry beginniolcj 1975. If T-37s are purchased h&,sed on TS-3 oevelopin.,~
as forecast. then only 100) .-ircraft rmust be purchased In 1973 for delivery beginning
197 r.

Op nl-8., TA--2/T.-)8

This system optr-n (refcrunce Figure 32) Is the Same 0% Option il-A except In this -

option, new T-37 aircraft arc not purchased. Instead, the T-37 Is allowed to reach
retiretnent anid a new prlivcry jet trainer Is purchased. The simulation decision date%
remain t'ie samm as previously explained. lilt 7-57 Insufficiency oate of 1974 is corrected
In the same manner as previously esi'planed for Option II-A. The T-37 Insufficiency date
of 1986 cannot be extended because at this point larot i-wumbars of Aircraft reach retirement,

The progrmr, pilase of the new primary trainer is hogwn In Table XLIV. The program
decision date of 1982 Is basso on the Tý-3 slmulatkir forecast, In' this case, a total of
364 aircraft are purchased, If tile T$-3 simiulator Jies not develop ai forecast, thle decls~on
date for the TA-2 aircraft must ve moved forward to 1930. The decision dati has to be moved
up to allow for the Increased number of aircraft that have to be produced -- 519 (total).

Tile major advantage of thist systeml over thr. 1-37/1-)[) alternative (Option iI-A) It
the extended decision time, rhe miwor decision date for the 1A-2 aircraft conies after
thle forer~ast decision date of the TS-3 siriuietor, Therefore, the decision nn how Pony
aircraft tou purchase can N;i rad,, with muchi mrit visiVlity. In addition, the TfA-2
aircraft uil ii provide the advantagles of a mreur ris'r:, aircraft that rieets allI the future
rniquirailiants for a :'rimary trainer.

71-lb 'ptio' (refoimence Figure 32) Is a uuiliuo one. It use', a singlej rhase jvtnerailized
apl,ruiachi tW .1LCur-' Iith the 26 t ru.j 101 regjulruvi.cnts , ui th the coniceptuali a Ircra ft, the TA-3.
11o: systeri' startt out the sir~e as previously eixptalned In Opti~jn 1i-A fo.r 26 training
rionul ret ont, . Thlis Is nacebsary to coriply wi~th the re-4ulrement that the Lurront trainer
~i r~raft I ft Ic' usud Itf.'ir ic;- f,;uhrtwit. k' pu-che-.ed. Thv only dehs lon dotcis for this
olutitif thiat h&% 'tot b'jonu explainod previously cuncern the docision date for the TA-3



TABLE XLIV

TA-2 PROCRAJ4 PHASE

Phase Date

"* Program Decision 1982

Validation Phase 13d2

3atificatlon Decision 1982

Full Scale Development Ptase 1982-1986

a. Development Aware 1983
b. Completion of First Unit 1985
c. Test 19S5-1956

"* Production Decision 1985

Production Phase

a. Award 1386
b. Delivery of First Unit 1987
c. Delivery Schedule, Max:mum 300-360 per year

TABLE XLV

TA-3 PROGRAM PHASE

Phase Date

"* Program Decision 1981

Validation Phase 1981

Ratification Decision 1961

full Scale Development Phase 1981-1915
a. Develoi-ent Award 1982

b. Completion of First Unit 1984
c. Test 1984-1985

"* Production Dcc[•ivn 1984

Production Phase
a. Award 1985
b. Delivery of First Unit 1986
c. Delivery Schedule, Maximum 300-360 per year

The nrogram phase fnr the TA-3 purchase Is as outlined In Table XLV. 1he prograr-
decision dite of 1981 Is baset on the 15.3 forecast avalldhllity and the purchase of 734
aircraft. If the TS-3 simulator does not develop as fore,:hst, the decision data must be
moved forward to 1980 to allow for the Increased number of aircraft that havow to be
proouced -- 1079 total.
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The major advantage of this system design is its simplicity. Using a single aircraft
for the. !ntire training program provides for a wide range cf flexibility In the training
arpro,:ch. One specific advantage Is the reduction in flying hours because the transition
of stude.nts to a different aircraft midway in •he course is not required. As a result,
the ccurse calls for i4 fewer hours. Another hdvantage of this concept Is the fewer
number of bases requirvd to ope-ate tht program. The major disadvantage of this approach
Is the heavy systems Investment outlay required to procure the TA-3.

The finAl two s/steri options to be discussed Incorporate 30 training requirements

(specialized training)..

SptlonII-A, T-37/T-38/rA-Je

The major decision dates for this system option are shown on the decision tree
(Figure 32). The dates ha.e all been previously explained except the decision on the
TA-4 aircraft. The decision dates necessary for extending the T-37 life are the same as
Option II-A because the primary phase of training is the same In both II-A and III-A.

The program phase for the TA-4 with the major decision dates is as shc-wn In Table XLVI.
It is important to pcint out that the Mission Analysis considered only conceptual
aircraft designs for purposes of comparison. All of the dates shown on th'¾ table assurne
the design of a new aircraft to meet the specificationr. However, there hre several off-
tk.-shelf light jet transport aircraft that might meet the speclficatio;,; and, thereby,
reduce this time schedule. 'f the decision were made to go to a 30 training requirements
t-pecialized Future UPT, It wculd be to the Air Force's advantage to further pursue this
possibility.

TABLE XLVI

TA-4 PROGRAh PHASE

Phase Date

"* Program Decision 1973

Val'daticn Phase 1:173

k.: lfication Decision 1973

Ful; Scale Devel,,pment Phase 1973-1977
a. DevelopnerL Award 1974
b. Completion -f First Unit 1976
c. Test 1976-1977

"* Production Decision 1976

Production Phase
a. Award 1977
b. Uellvery of First Unit 1978
i. Delivery Schedule, Maximum 144 per year

The major avanzage of the speclialzeJ 30 training requirements concept Is Its
ability to provide more ta'lored training for the new pilots initial assignment. The
disadvantages center around system flexibility (ability to respond to changes In graduate
assignment distribution) and complexity of cperation (three aircraft operating on the
same base). These disadvantages were consicered In the Mission Analysis and allowances
were made to ensure an adequate level of fltxibillt/ and an acceptable level of operational
co:IpIexi ty.
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Option 11-B, TA-2/T-38/TA-i.

The major decision dates for this optio- are shown on the Decision Tree (Figure 32).
All c-f the detz;Is for "iese decisions have al'eady been explained under the other system
options.

The majcr advantage of this optlooi over the orevious snecialized Option III-A concern*,
the type prinary aircraft and tht. critical nature of the decision date. The 1982 decision
date on the TA-2 allows better visibility on the TS-3 simulator development and provides
for a more modern primary trainer that completely meets ill of the future primary trainer
requirements.

Syvt Opn Cos tina

Detailed costing was accomplished on each of the six future system options. The
costtng was done primarily for the purpose of comparing the different systems. Specifically,
the costing infor-mation was needed to answer questions about the total cost of a givcn
syst-m, how much savings could be realized by employing simulation, how moich would the
Increased training requirements cost, and what the cost would be to introduce the new
conceptual aircraft. Eich of these questions will be answered in detail. huwever, befucr
proceed;ng it Is necessary to define certain costing terminology that Is critical to the
understanding cf the costing results.

o Total System Outlay -- This category is the total outlay in terrs of
!971 dollars Including DDTUE, Investment, and operations.

* Terminal Value -- Terminal value refers to the value of equipr-ent life
remaining at Jie end of year 1990. Because equipment ourchases occur at
various times throughout the 19-year period of tne study, terminal value

Is used to place systems with different life spans on an eouitable ,ost
basis fcr comparison. This Is accomplished by deducting the value
of the remaining equinment at the end of the 19-year period from the
equipment Investment.

.4. Period Cost -- This value Is derived by subkracting terminal value fron.
the ýotal system outlay. In 'nls manner, systems with different life
rpans can be compored on an equitable cost basis.

* Cost Savings Over the Baseline -- The period cost of the system options
are compared with the period cost of the baseline system. Cost savings
dre shown as positive numbers. Numbers In parentheses indicate a period
cost greater than the Baseline.

* Present Value -- The present value concept recognizes the time-value of
money. Yearly cash flows are discounted at a 10 percent rate and sumned
for :he 19-year period. Terminal Value (discounted through 1990) Is
subtracted from the sum to arrive at the present value.

System Cost Data

Each of the six future system options and the baseline system (today's UPT program)
were costed for operation through 1990. The total cost of each system was determined by
summing the Design, Devclopment Testing, and Evaluation (DDTSE) cost, Investment cost.
and operating cost for sach year of operation. The costing factors were properly sequenced
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to reflect the transition dates and equipnment purchase .ates previously described for

each system. The result of this effort produced cash flow profiles for each of the
systems. Figure 33 ;s a cash flow profile of the basellre system. It shows that in order
to make today's program last through 1990, years 1973 through 1976 will require a large

investment to buy odditional aircraft and new aircraft avionics necessary for future
operations. The operating cost settles do%n after 1974 to between 345 to 3147 million
dollar- annually. If all the DDT&E, InvestrienZ and operating cost are .urnmed up for
the 19-year period, a total system outlay figure results (in this baseline case it adds
o.,p to 6.786 billion dollars). Figure 33 also shows that Imiediately after 1990 th-

system has a terminal value of 164 million. This terminal value figure Is subtracted froxm

the total system outlay to give the period cost (15-year period) for operating the pilot
training system.

500

OPERATiNG COST 6571
4 ~84. 64TOTAL SYSTEM OUTLAY 6786

400 - 3 55 41
12 3 5__ 22 2 I

o -T--T ---- 1--- . - r
329 345 345 145 346 346 347

3Z 345 345 345. 346 346 3461 34714 347

200

6004

0-- - ==LI.= -1..L...
4.72 4973 i974 475 1976 1977 1976 1979 19G0 1901 4962 19%3 14 1905 9•96 W87 1986 196 1990

YEAR

Figure 33. System Cash flow

Cash foq. profiles for the six viable system optionis were accorplished with only

TS-2 simulation applied through 1990. Another set of cash flow profiles was accomplished

with TS-2 and T5-3 simulation applied through 1990. It ihould be remembered that TS-2
simulation cannot be In operation before 1976 an, TS-3 before 1983.

The rosults of these Las0 flow cn.ilputatlons are shown In Table XLVII for TS-2 ,3nly

and Table XLVIII for TS-2 and TS-3. These two tables will provide the basis tar the cost

analysis of the six future system options. The tables will be referred to frecuently for

cormparing the different systems.
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TABLE XLVII

SYSTEM COST DATA, TS-2

Gen -- 20 TR en - 26 TR Soeg - 0 TABas ellne1 T-V7 TA-2

1-37 T-37 T-37 TA-2 TA-3 T-38 T-38
T-38* T-18 -T-38 T -18 TA-4 -_T.AL-4

Total'Systwn Outlay 6,786 6,244 6.810 /,C2 1,966 7.078 7,370

Terminal Value (164) (174) (1:3) (352) (799) (456) (595)

Period Cost 6,622 6,070 6.597 6,750 7,167 6.622 6,775

Cost Savings -- 552 25 (128) (5451 0 (IS3)
Over Br;eline

Present Value 3.175 2.970 3,210 3.235 3,412 3,341 3,366

*No TS-2 for Baseline

rABLE XLVIII

SYSTEM COST DATA, TS-2/TS-3

Cen -- 20 TP Gen -- 26 lr Slpcc -- 3j0 TP
baseline T-37 TA-2

T-37 T-37 7-37 TA-2 TA-3 T-38 T-38
T-38* T-38 T-38 T-38 TA-. TA-4

Total System nutlay 6.786 6.079 6,391 6,991 7,681 7,012 7,287

Terminal Value (164) (279) (307) (454) (758 (543) (650)

Period Cost 6.622 5,800 6,409 6.537 6.923 6,469 6,5q7

Cost Savings -- 822 213 85 (301) 153 21
Over Baseline

Present Value j ?,175 2.•22 3,174 3.198 3,315 3,313 3,337

*No TS-2/TS-3 For Babeline

System Cost Ranking

One of the key questions in the analysis of the six syhtam options concern' their
ranking In terms of the period cost. Based on the figures cumplled in Table XLVIII the
cost ranking Is as foll•.,s (both TS-2 and TS-3 applied);
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a T-37I?-38 20 YralnIno PR.quIreffanLS (least wapnsive)

7 -37/T-38 26 Traiflng terifrements

* -37/T-38/TA-A, 30 Treininq Arquirements

* A-2/T-38 26 Trainlno ReqtIlrements

* A*2/T-3a/IA-J. 30 Training itequirements

Dateleine (no simulation)

* IA-; 6 Training ftequiro#,tnrl (Mnst expensive)

TAIl rAnking easse on period cost shows that ithire are fivs viable system options that
ar, lest 6e prntive than the pres~nt Method of training, and four of these systems
represent licreasod quality based on ehpanded tralinng requIre' ents, While per~od costs
teproenert the amount of dollars expaended (after terminal value adjustment), the Nmor
meaningful cost for dets!Pininng the sysinli rankings Is the present value cost.

The preterit value ccin-ýAlt adjust% tha futura exr'endi turas made In the di ffereont I-&orb to
%rdov's W~us (re'rigrilliny the@ time value of money) and puto all systeni un an e~uitobia
ussis for :cipotilson. Using thi presant value figures from 7able XLVII and XLVIII co~st
rankings werv established for the diffarent systems. Table XLIX shows thee* rankings
(n's'ttier of,* being ise'st expensisve). The frire raiklIng (coulurrn 1) s% within training
re(4ulreier~ts arid holds true' fur either of the emiulatlor (TI-2 or c~~'r) oeybinstl.ns.
for exitanle, fur 20 traIninto requirements, tho two systems indicated, always rank or's
611J twt,, Likaswise 26 traitinj tdtiulrsoinnts, t111 toirse FlyltsEJl- 011(mri ,.lways
inv, twv, aintJ ttre,. Iii uthil wurdi, tlie cost raitkliiu withlin tienlIng requirement
cotegturles Jioe% nut rlisnos w.fli slpiulatcr level , howoivor, across trelting reqwiroment
cotewur iet, a ciAntoe In cost ranking Joest occitr between the bassl;ni slid Cenerellaud
26 trnlning requiroev'nt% Olitin utitng the 1-)7 and Y-30. A c~hani~c alto occurs between tho

Isitsi. p.ht , IA-) opt I.,'. itivs the speicial lied option usinvg thu IA.2/T-)B/YA-.4 loosed on -

;.r,-tent value reiskini oria witri Ti-k vinly, there Is only (File system that Is leso 6epensive
Ilhan thlo basoltine. H~eowvar ths hiystelse rankino 41hird and fowrth aro only slightly ftrc

e1 pelis lve ($or 16a1195 XLYii) On'J they incurporatt 26 training reqiulrements. With 71-2 and
li-3 appolied, tka, syotep& are os #.ml~eionsive thanIl the bsellile (see Talble XLVII).

IAiiLt XLIX

(tUsitit Present Valu tit Pen ivO (eui)f~ __ ther

---------------~--"-- I- it- tmammum *LUree7h

TS0 Ir i uR.lulf eni

I.(, ~ ho ilenireltsineamls

Gipi IA -2/1 -31, w Itoa minu I,-,to,'3
Gofi IA-) vith shicolulsio3 7

I' Y-?7/Y.rd~l/TA--4 ý;I, IeltiinC ' I

tist( 1A W /1 */?A-i. wi'i ll, elo 7



Cost of Increased Tralnlr.g 1equirements

It Is significant "n the cost ranking analysis to understand the Impact of going from
20 trailnhig requirements to 26 or thirty. In order to determine this t/pe of cost, It
will he necessary to select from the six system options three systems w.-Ith the most
commonality that differ only in the number of train;ng requirements they incorporate.
1he :h.ce options selected are Cuncept I-A, II-A, and III-A. All three systems use the
T-3/ aný T-38 elrcr.44t. Concept IlI-A employs an additional aircraft because it Is a
spe•,alized pronr.imn.

Tables L and LI show both the cost and training differences, respectively, among
these three alternative systems using TS-2 and T$-3 simulation. This inforvatlon
establishes the cost .". noaing from 20 to 26 training requirements as 616 miion In
period cost and 256 r'lilon In presint value cost. To go from 20 to 30 training
requirements costs 669 million In period cost znd 393 million In present value cost.
The system chjracteristics tabla shows the changes In flying hours and course lengjths
necessary to accomplish the increabed tralning requirements.

TAr6LE L

SYSTEM COST DATA, TS.2/TS-3

Gen -- 20 TR G.2n -- 26 TR Spec -- 30 IR
T-37 T-37
T-37 T-37 T-38
7 -,8 T-38 TA-4

Tutti System Outlay .079 (.,716 7,012

TermInl Value (279) (307) (5143)

Period Cost 5,800 6,409 6,469

Cost Savings Over Dasellne 822 213 153

Presont Vuluo 2,W0O 3,174 3,313

TACLE L;

SYMIL1 IIARACTLkISTIC'., TS-Z/TS-3 SIMULATOPS

Gen -- ZO 1R Gen -- 26 TR Spec -- 3 0 TR
T-37 T ,,,01 - T- 7

_-_, _ T -38 1 -38 TA-4

1wi#ds- i•r •lying Hours 106 172 13i 121

1ý-W $l,',ulstur Hours 68 72 72 72

%•-3 iriulatr Iouuls 149 50 514 43

C(,uroo Lenghl (Week%) 50 55 !j5

Ai•,raft i'urchated 0 T-37: 100 T-37: 100
TA-4: 195

1•"2 tlnrulatts !'urLhe#5d 96 lIZ 112

1'. - I hiulstors Purrhsah ad 72 J 112
ou'b r o.f 11,4%as 6• 7

1.1_..V

ivu



No attempt should be made based on this dati to establish other relationships of
cost to training requirements. For example, It does not follow that If it were decided
to train only 23 training requirements, the cost difference would b' half of the value
given to go from 20 tc twenty-six.

The only way to establish meaningful cost differences between numbers (other than
20, 26, and 30) of training requirements is to accomplish a similar and co€plete analysis
of each alternative and then compare the costs.

Cost of Simulation

The impact of simulation has already been described In ter"rs of Its potential for
IncreasInC training quality. Now the cost Impa;t of simulation only will be presented.
T, do this, the ccst of Concept I-A will be compared to the Baseline System. However,
the Baseline had to be adjusted because the differences between the Baseline and Concept I-A
Include factors other than simulation. The primary adjustment made was to increase the
course length of the Basellnr. case to Incorporate the reduced training rate concept.

Table LII shows the standard Baseline, adjusted Baseline ad Concept I-A with TS-2
simulators only and with TS-2 anJ TS-3 simulato's applied. The table shows that the
savings resulting from TS-2 amount to $578 million using period cost. The combined savings
from TS-2 and TS-3 amounts to $848 million usir.1 period cost. These savings are for the
19-year period. However, the benefits of simulation are not able to be applied until 1976
for the TS-2 and 1983 for the TS-3.

TABLE LII

SYSTEM COST DATA
(Generalized 20 Training Requirements)

Baseline - T-37 T-37
T-37/T-38 1 -37/T-118 T-38 T-38

Standard Adjusted TS-2 TS-2/TS-3

Total System Outlay, SM 6,766 6,785 6,244 6,079

Terminal Value, $M (164) (1W1) (174) (279)

Perlod Cost, SH 6,622 6,648 6,070 5,OO

Cost Savings Over Dasellne,$M 5-- 78 818

Present Value 3,175 3,172 2,970 2,920

To prosent additional Insight Into tte cost Impact of simulation, Table LiII presents
annual operating costs for comparison. From. no slmultlon to TS-2 level simulation, the
reduction In operating cost Is estimated to he $40.1 million per year. When TS-2 And TS-3
are combined, the operating cost declines another $37.5 million per year. This Is a
comblned total of 77.6 million dollars. If the cost of simulator ODT&E, investment,
and facilities are amortized over a 15-year life,net annual savings of $31.0 million for
the TS..2 and $25.3 million for the TS-3 simulator results. These cost saving projections
are Impressive. houwever, they do not present the Complete cost Impact picture of

sim~ulation. It must be remembered that simulation allows considerable extension of the
trainer aircrcft sufficiency dates and, thereby, delays the high Investments cost
necessary for aircraft replacement.

I rf
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TABLE LIII

COST IMPACT OF SIMUI.ATION
(20 Training Requirements, T-37/T-33)

Costs, $M

Annu,l Level-Off Operatinu Cost

Si-37/T-38 with no simulation 348.1

1 i-37/T38 with TS-2 env 308.1

Impact of TS-2 40.1

* Y-37/T-38 with TS-2 and TS-3 270.6

Impact of TS-3 37.5

TS-2 ILI3

Redurction in Operating Cost 40.1 37.5

Annual Depreciation of Investment 9.1 12.2

ProJected Ne: Annual Savinns 31.0 25.3

Combined Annual Savings $56.3 million
(TS-2 and TS-3)

Cost of Replarernent Aircraft

To determine the cost impact of Introducing the new conceptual aircraft it is
necessary to :ompare like systems and Isolate the difference to the training aircraft.
The cost of Introducing the TA-2 aircraft compared to the alternative of extending the
T-37 fleet stfficlercy Is found by comnaring the cost of Conc.ept II-A and Il-B.
Table LIV shcws the difference in period costs of the two systems to be 153 million
dollars. Hox'ever, buying a new TA-2 aircraft results in a higher terminal value for
Concept i1-B ýdhlch means It has potential past 1990.

The next consideration Is the cost impart
TABLE LIV of roplacinlio uotll tlhe T-37 and T-3G wilth thil

TA-3 alrcr..:' . ,jploycd in Concept II-G. If
SYSTEM COST DATA, TS-2/TS-3 ,icept II-(, it adopted. T," 3 dcclivery riust

.- bcglInin ,•Or, 'nd full transition to the
Generalized one aircraft system will take place while
26 Training thre Is still fleet life remaining In the
Requirements T-38. Because this remali;ng 7-38 life could

not te projected for use in UPT, no credit was
T-37 TA-2 given for the retaining value.
F-38 T-38

However, If the remaining T-38s could be
Total System 6,716 6 id tj meet some other Air Forc€ re-ulrnment;

OutlAy in the cost Impact of Introducing the TA-3
Terminal Value (307) ( uld have to be auJusted downward,
Period Cost 6,409 6,
Cost $avlngs 213 L'. Tahlu LV shows the differerce In period

Ova' baseline -;ost vf the TA-3 compared to the "r-37/T-38
L system to be $514 mnllion -- .11 of which c€n

be attributed to the Inv•rman.t -ntt cf thc
new TA-3 aircraft.

The TA-4 conceptual aircraft cost Is identified with both speciullred training
uv)t!Ons dnd the question of colt Impact of repl*cem)tt does not apply.
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TABLE LV Sensitivity Anilyses

SYSTEM COST DATA, TS-2/TS-3
No analysis would be complete without

Generalized sensitivity examilnation of the UPT system
26 Training fascors. All the costs presented until now
Requirements have been based upon single values for the var-

ious factors of each system. For Instance,
T-37 TA-3 graduate production was set at 3665 graduates
T-38 per year. These values are called thq,('system

design point values. They were developed as
Total System Ottlay 6,716 7,681 1 part of the Mission Analysis and represent
Terminal Value (307) (758) the values that apply best for each system under

the circumstan,.es Investi~ated. However, these

Period Cost 6,409 6,923 values must be expec:ed to change since the
tSavings Over undergraduate oilot training system Is very

Casteine 213 000 complex and a 19 year period is being Investi-
BaselIlne

gated. For example, since the mid-term of
this study, graduate production has dropped
from 4314 per y-!ar to 3665 per year. In order

to evaluate the effect of future changes on system variable-;, a sensitivity analysis had to
be considcred. The simplified cost model previously descr!hed -as the analytical tool
used in accomplishing the sen!itivity analysis.

The major part vf the sensitivity analysis used the sirgle factor approach, whereby
the impact of changing one factor was determined by holding the other factors constant.
This rnethod provides gool approximations of the cost Impact that results from changes to
the UPT program.

Twelve factors .ere considered initially. .abic LVI shows the factors. The middle
column shows the design point or nominal value about which eAcurs;uns were made, The last
column shows the range over which the factor was varied. For instance, graduate production
was varieu from 2500 graduates per year to 4500 graduates per year, Analysis of these 12
factors showed that six had a less than one perc.ent Impact on system cost for a 20 percent
change in the factor value. The remaininj factors and their Impact on system ;ost are
shown in Table LVII.

Using graduate production as
TAOLE LVI the example again. the design point

FACTORS CCNSIDERED IN SEWINTIVITY ANALYSrS was 3665, 2U percent of that value

Is 735 vraduates. Increasing pro-

Design duction 735 ýraduates to 4400
Facto-s Point a raises system cost 16 percent.

Dropping productlor: the sarm ,imuunt,

Graduate Production 3665 2500-450') to 2930, causes a 16 percent decrease

Student Attrition, percent 10 1-26 In cost. An increase In the first
five variables causes an Increase In

Point of Attrition 0.2 0.1-0.9 cost. Increasing simulation, how-
Graduate Distribution, percent 40 32-50 FAIR ever, decreases cost (as simulator

hours are Increased, aircraft hours
Syllabus 250 hrs 1 20 are decreased).

Simulation Percentage 30 0-90 Another type of sesitivity

Siriulation Repl. Ratio 1:1 0.5:1-3:1 data thet Frovide good Insight

Utilization Rates Various ± 20 Into the iripact of changes to the
UPT syllahis Is the s cost pcr

Course Length 50 wks t 20 hour for 'quilprent. Table LVIII

Number of bases 7 7,8,9 shows a c.mparlson of the costs of

m Ithe major trainir.g equlments Iden-
naintena 'e mn/hn Various ± 20 tified it- the anulysis. These costs

Stude~nt/Iistructor Ratio 2:1 1;1-3:1 -were obtnined by varying the syllabus
that each equipnent supports,
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TABLE LVII TABLE LVIII

FACTORS WITH LARGE IMPACT COST FOR ONE HOUR CHANGE

Factor Cost

Change, Change, Equipment Annual Commnand

Factor Percent Percent Cost per hlour Cost pLr Hour
'- Equipment Change Change

Graduate Production +20 +16.0 .

TS-2 $122 $ 465,OOC

Syilabur +20 +10.0 TS-3 $138 $ 525,000

Course Length +20 + 6.0 T-37 $230 $ 390,000

Maintenance Index +20 + 3.5 T-38 $341 $1,416,000
TA-2 $232 ý1,000,000

Student/Instructor Ratio +20 + 3.0 TA-3 $366 $1,520,000

Simulation +20 - 3.2 TA-4 $317 $1,320,000

changing the course length the proper amount, and finding the resultant change in system
cost. Column two shows the average additional cost of one student flyio- one more hour
in each type of equipment. If a student used the TS-2 one more ;iour, -'ne Increase in
cost would average $122; O0T&E Investment and operatinn costs are i-cluded. (olumn tlr-e
shows tne total annual cost of all students flying one more hour. For Instance, if the
syllabus originally required 70 hours in the TS-2 and that requirement were Increased to
71 hours with a concurrent Increase in course length, the total Increase In the annual
command cost would be 465,000 dollars. Again, ODT&E investment and operating costs are
included,

The se ;itivity analysis provides a clear cost impact picture for the 'najor factors
,n the UPT system. This information Is useful If changes to any of the systen factors
arc being considered.

Mission An~ Is Summary

The major findings of the Mission Analys.s have been identified and explained In this
report. These findings are summarized below-

"* Training requirements analysis has Identified a need for higher

quality training In Future Undargraduate Pilot Training.

"* The number of training requirements called for in a given UPT
curriculum determines If the program should be generalized oi
specialized. The Mission Aralysis Identified 30 candidate
tralnlmg requirements te.r Future Undergraduate Pilot TrjininG.
ihese 30 were grouped according to cofrronallty In the force
structure.

"* The system approach to training Is a mo3t valuaile concept and
has been applied In al system options.

"* The six system options Identified In the jecislon tree represent
optimum trililng packages for the number of training requirements

specified ana tne dquipment employed.
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4 A 10-percent attrition level In UPT Is a realistic goal If
centralized selection is employed gnd training Improvement*
are Implemented.

"* Flight Nlmulatior will provide the breakthrough for Increas-id
training qua;Ity at lower cost. Findings support siimulatlov
for Instrument traininq by 1.76 and full mission sinulation
Uy 1983,

"* The current trainer aircraft are adequate for the future,
"However, If the T..37/T-36 eystem options calling for Increasec;
training requirements are adopted, more 1"37 aircraft will hawv
to be purchased. In addition, both the T-37 and T-38 require
avionics add-ons to operate In the Futire UPT environment.

"* The Air Force must Idwintify an overall plan of action for Future
'IPT, whi..h v-1:I prcWide tke guidelines and time phasing for new

traenIng L.)ncepts a',= equipments.

The decisicn dates given In the report assume ai overall plIan decision data of Jar,uary 1973,

The major findings of the Misslon Analysis have been presented. There remalins, how-
ever, one Importa,.t overall finding Implicit In thfi structuring of the Futurn UPI 1estor"
options arid that It the requirement for overall ruwimgeinent.

in a system as complex as Undergraduate Pilot Training, wilth Its rraey external Influ-
ances, It Is necestary to employ P total management concept whre Ilonq ran2e managai.nt Is
emplayed vigorously and on a par with near-term anagonaent.

To realize th. various milestones !deitifleo foi the dIfferaet systenm optlo'•, the
!ruvIdual systen' uierents cannot be allowed to evolve at their own pace. There has to be
long range ranageiaecnt employed to ensure that proper priorities are maintained. The 1IPT
isslion Analysis hbs provided the Air force wlth an Initial capability for the type of

long range planninr that Is needed. If the Inpotus pro.vided by the Mission Analysis is to
be sustained, provisions must be ,'mdi to Incorporate thils type activl'y Into the deilsloi
making process on a permanent basis
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STEERING COMMITTCE FiPiIDMGS

Ilic Miss Ion Analys Is $tear Ing Ccxyvnlites re~eived the f Inal Study Group brief Ing on
17 Dasarlbor 1971l. Ilia Steering Committee had previously convened three times to evaluate
tlia progress of the Study Group, and they wore cortinuel ly advised on major dr'veiopmenits
In tas analysis effort. After the final bripfing, the Steering COrWnittes concurred wi'th
all c'f the Major findings of the Milssion Analysis, The following itemr were bp.ecificail,'

*aidretiod,

41 Ilias 5tcring Commiittee concurred with thea viiijor finding that higher quality
training as exproeiad In additional training rcquirutjiionts ,bove Otc ZO
currently taught In UP'r will be ncednd In future years.

* ¶ralidnin Irijrovetienta Identified tOiuuid ti pursu.!d at Air Tra Ing C'imrrand.
lho syststs approach to training, CentIrallized studenit seloction, reduced
trainitig rate, student tmenaiacrint, and tit: training manariger concept
warv itig0Ii tol for Irtidliitc attention.

0 Tife appliiat.4or. of fi ;,iht hi'uiatiln In. UPT via% recoonized ,I tlie t'w'tr
sign'Ifi~art findintg of th iotiluin Arialysl,. Ti-c StcerinV L(.2tiilttccj

rg~rvtsddthat AIC taIko actioni to state an inenndlate requirer-icnt fwr
lti-2 fi iglit siriuators arid that Al`ýC invc%tiVatc the tnes ibil ty of
oxfailtrcitiiu ti~e av~ilalililty or Tt53 fuib-niitsioe flIltit sig.uicturs,

9 Alt~eriatliv. ýuturv UPI systarit that rcniiiro the~ ('ru(urttwnrlt (if a~'ditional
1-37 aircraft viare ra~oier.'e duo to the age of tiec T-37 dou.lgt'. -

0 Lr'.pluy Irig thu abuove goulsi ieiies, tho blter InUi Coftnimiit Loci ril na tid titrue of'
tile silx systw-i" found to lit feasible altnrnativei b'y tie Mi'silon Ainalys is.
itir, tiirau surv lvi ig sys tai-s rera siiown In Fguvro 311. Thosc tUrea rapaiIni nli
lultire Ul'i altornirlivus or.plty all jet oircrý.1t, provide for Increased
iraithitiui quai ty attJ I:iLIUJC but't Ueniraeir id and special izrJ ;onir.JPt$,

t lii~ de0 OCis i.,t to prlu..LUI a ety i-uw tunctoiptucI i rcrnft (lA-? ,IA-3. or TA-i~)
v.oivwId lit defut red vout i (1i, W97'-1i "14 t ivi period.

0 I lie tlocrn i i1.4.iviit toss VoL~w-viet'dd t hut ATC L~irs idar Ilia iijI ti ty of
Inltcudiaji a total (if 26 trahinug rvuqurvuiantif, thte ijcnnl. iizad o:tionl
ii is V1tJuld add If' IcFIglter liateuvortr" and ''Ali W~ Crou~ie rundaricrntais"
tv the list uf 26 tralfiting rsonquireniiii~t%,
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REQUiHIRUETS ACTI:1NVRECTIVE I1~ I O P)ta,

Putura UFT System 9-123-(1) g Jn: AN M!

APSO (SOIL) See Attached T4.ot

RC~ifl ACION(D~~f~) IATO ROC 5-68, 15 Jul 63, Gbog 1, 1-1 Dec 68

Catceory C Mi~sson Analysi's FULD 9-76- 2, 22 Oct 68

DFhrnrno;' ltC, (NCPC5-8 2 :u.)6

OiftC~t'O', PROPOSAL, CURRCENT STATUA, GUVIOANC(, fU;NDS
....... ....................t-r will initiate a CatQgo'y C '-±son Ainalys-is Study t'o dcterntrn-e

tneQ disrce- cnaracterLi -cs and perrmc-c r vf thc 7>:dergraduate Pilot Trainlnzg(~7
sytmfcr the .9-75-19?10 t-lmre o'-'ric'6

'Rý'-SAL 20C has EubrL~ttod- a RCG -whlanc protoses a ctudy to define a tolal tin
syct.-:, zuiteble for acoulisltion end enollecatlon In 1975 an" beyond. An irtegrated

ctsubsystemT to control1 and mnnage the resources and asset's of' the
zystn'r :s ealo cerslied.

C17r7'w!w ST."ATUS. RI 9-76-,,) requ-ested-ý co.mnents and rcoTmendat~on Pro't
pccrnrnands. A]) ortc-'* h'' not bccn rece.C~scf o:-

r~cnyrpice will be furnished to APSOwhe received. AFSC/AIFIL ha r'Ieaa

nc/r., uuolce Dromosal to stuC, and anrl'y~e hcU7pregrati butrcte.:
rc s fu d i.,g the rr~s' Al n-'-l orr urncclilete-d pro.ee scurnl

,;arrevieow 1by A2T'H:. ASt---------'n --v*--, f-U' e AV t, S/*.,eotvse
t ate:Lory C V1 ss ion Anlyi S v tu "ntrtake-ýn by 220C. 'heAir3 a f*'

'rev'e"wt. 4:ATl' oroposa± and f)r-c t,t a co ane'lpi- !, reurd

0,:, 1C7A-? 1n sol4ci th I P ''"'4 rartlelnoatton -;f AV end""'or usng cnrcS as wel I Pc the, AL:r ftd?- and oth:er In tere sted P -'-e'IS .~''"~ ant acencies w-'ll repn "aprpr'ewtnthlin~itz; o f tht

u''Ei tu-Jv Will bý Inri~t~qted ars an "!In house' effo- t. No
-A PnnZLnc or fu-nds have bee2n idetiie o thorIzed at thIs time.

*,'flc-*I develeo-cs, .1 reI ran fo'- contractu-al support Ir
.d'~~c v -Ah s beyond ACfnr:orothis ed;atr cl be ''nc

so tnatneea:yfnsmybn'.ht

La ~ ~ ~ ~ ~ ~ , Cal CovyAD-'9J IY 4 V



"FOR~CING~ I4IMTARY SPACEPOWER"

AFSC PROGRAM DIRECTKM DATE

to, FAO&4I -NUMBER

AFSC( SCLTG
ASD (ASCV) Andtew. APB C062-1-69-345

Washa DC 20331

PROj.RAA IDENTIFICATIaON

6301 ndergraduate Pilot Training (UPT) System - 3 fC I0:" N2 A

4. AC `Q.OITýS. USAF 114FORTANCE CtAi'(.ORq'

0. PVRPOSE

To as3inn to ASD ro-iponuibility for.: (1) arranging for the Air Force to contract
fo'r !rl.irystudies as described in the Suntnary Stater~ent of Work.; an6 (2)
rsonitoriri'- contractor efforts under said contracts.

~.AAcEc4 ~,~.,5AND RlLA1ECIRrFFRtENCES

AýTC "(Y ' No. 5-08, Future Un-dergraduate Pilot S,-rmnry Statement of Work, 3.0 A~r 69.
Tr~i.nn (;P-1) Syster", 1..) ! 68. H USAF(AFRDO) ltr, C.1eergrý-dupte

'.Ai) -7-. . sal'e sublcct, 2" Oct 6? Pilot Training, dtd 16 ialy 69.
f 'aI; "., 11l Dec 63, to ATC ROC No. 5-68. Dt&F Auth to Neg Contracts 1 Jul 6C.

3.' -: -)* Fitture UVT- tvs tEnil 6 Jan 69. Final Proc.uremrent Ac*'on Ap~p.1316

II. ~ ~ ~ ~ ~ ¶4NLACEMA.NTAPPROACH ____________

SYST-' Wq"ACtMý:'N r''AVANCEDOEVELCPM"NT MT ''EPLRATO'RY V TESI INSTRUM-N'ATiON

* orý,-. sL'p-on' STUDY Ari,) ANALYSIS J~OTHER rFP1.nt.)

1. CO'NCLP- AO A PPLICATION1-

Thcn Mr~ ,orce. will conduct a Missivn Anq~lysfa; study to analyze and issess the
o~ '.'~rls ava"Inble to the Air Trainitig Conrr-.'nd (ATC) ond reccw~uend p:eferrcd
uade'rý-ri juto p!.lot training syqtcrn characteristics and paraneters for the

'.^5-191'-) tim Peri.od. Contractor 6upport is req~uired to provit'- data, tchn-
logcai'i forecasts and options, particularly in tl'ea area of traininz t'onc,!pts,
iiinruc'onal innovetionq ansd the usi of sinulators. ASfl .:ill contiact for
!uch stuclico, using fwi..!s and rtjid~tn(,e provided by thi- hieadquarrters.

10. PARTICIOA'!i-4r ORGAWIZATIONS A'A0 MArJAGEMEN, R!!LAT'ON5MIPS

ASD in 'dnslinated lead division.
ATIC is using command
The )!um-cn Pasources Leboratory (A1FSCfEr(L) will assist in an advisory capacity.

TrhIs prOgarnm dl~.ction is the fUlly coardinatecl reau~t ul HQ AFSC cuts' review, and in c'Anjuiictionf witha pplicable dtree.

tives, nnd ;'reý,criked devIAtions, c~nstit'.tos corn1Ackv diatction (or .ctionl. Unless otteeRise spocifiod, correspondetnCv,
kncldmn'. fiul~ &uOht~flL~iLtd requ~tgt iOIWelavaj Or or..C MIkf'ill be directed to the 110 APSC at&(( or OPR ,dtfltifltd in

APPROVAE ANO-CC FrNIRM ATION

..'CSArF OPH APPROVA6 i. IQ AlI A0C CONFIRMATION

~,*, <, p IC' ;wILO-T 01.5 Of THI~, FORM AtI4. P

4 - -fka"1 0



O,)CUE. NTAT ION

l- rou ,-9 0 OeveL.opmeN- 'Lk.AN EJPCP

P I OTNER (M.ploln In D.iation.*)

A .OVtAT ION, (Unc drd. roeb ca to tho .pwopriafe ditecliv eand .. lp.tn ay nluhorlteod davlations)

a. . a report :o this Headquzrters upon auiardin3 study contracts, to include
results of nagotia:ions with selected sources, problem-s encountered and anticipotcd,
and cormr.ents as appropriate.
b. Provide this headquarters with copies of the cor.ractors' bas!.c -tucy assu.=ptions
and base line descriptions, with ASB coxments as appropriate. (Cont'd beltw)

15. NuM0 "R Oý COPIES 6. CcAUMCN'ATION CUE NO AFSC (,;CCP) NOT Th-'R T,4AN

• Eee below 15 c/sys followinp, end of eacti rptz .
S. T;.CnhICA6 OIMrT,; N (T. be -on- 4 by th.e atoll CjJ'I (o povjde 4 6-,,,i' j."-uldonce of. a ochlcI nfluto )

AS3 will be rcspona~ible for contractual actioai rn~cessary touprocure initizl s: 4 is
for this effort as defined in the Suz=ary Stacsenen of Work. ASD will also monitor
the conzractors' efforts during contract performance and will provide gu'...c.c - o
the contractors as necessary.

ia FUNCTIOn- %., ieC, ~ --- N-

"; no-.O.• , n,10r'-:niz'ation: The dire-zted actiois will be accom'.plished byr•o.l
cur,'c,:lv available wit:.in ASD resources.

/U -~l haebeorlasdb PM,,,'

.n'r; ,I- FY 69 funds in the amount of $`50? have been releasec4 by PA/LA ;,23 :o
Jro.z '.L.&3101F for this efiort. L;.ception ha3 been p, anted to obligate and
.4 fLnance this &ffort subsequent Lo 31 July 1969.

." .. e:v: 1/A

?ro'.r -.. z: Expedita preparatlor. of REP n-. any necessary procurement plarnir.:; ia
or•er to accomplish negotiation and zomplete contract award by 15 August 1969.

14. (Conz' d)

c. ?rovide copies of the contractors" plans for interf.-cing with other USAF zcrncie.
in euest of data.

,:,)rwar4 the cc,ntroctors' quarterly reports to thiL Headquarters, along w•Llh a
status rcport preparr.d by ASL to include funding information, problems, appropriatc

a. Forward contraztors' final ruport&, wLth finul AS5 report.

15. 10 copies of all ASB reports; 50 copies of contractors' quarterly reports;
lO0 copies of contractors' final repo•:ts.
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