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PREFACE

This effort was conducted by the 1lying Training Division of the Air Force Human
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Exploitation of Simulation in Flight Training; and work unit 11230327, Contribution of
Simulator Platform Motion in Air-to.Surface Weapons Delivery Training. Mr. J. F. Smith
was the Project Monitor and Task Scientist, The authors would like to extend special
thanks to Captains Raymond P. Seymour (425th TFTS), Setephan G. Henrich(465th
TFTS), and Byron E. Hukee (425th TFTS) for their dedication as instructor pilots for the
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EFFECTS OF SIMULATOR TRAINING AND PLATFORM MOTION
ON AIR-TO-SURFACE WEAPONS DELIVERY TRAINING

I. INTRODUCTION expenses increased, but life.cycle costs are also
Inflated. Unless some positive training value can be

The air.to-surface mission is a major role for the demonstrated for the presence of moti-on, cost-
Tactical Air Command (TAC). Specialized aircraft avoidance considerations must force its exclusion
are being procured to support this operational from the simulator.
requirement, and, as occurs with the acquisition of The Air Force Human Resources Laboratory
all weapons systems, new procedures and equip- (AFHRL) has completed several studies which
ment must be developed to train personnel for addressed the value of motion cueing to the
their effective utilization. As regards both of these training effectivcness of flight simulators. These
items, the greatest amount of resources Will be studies have provided estimates of the contri-
expended initially in providing simulation caps- button of simulator motion in transfer of training
bilities for pilot training. It is, therefore, of critical to the aircraft, however, due to the lack of visual
impurtance that the simulator deliver the cues scene capabilities for alr-tu-surface weapons
essential to this training and that the training Itself delivery simulator training, they addressed only
be highly efficacious. The research reported in this the learning of aircraft instrument and transition
Otudy deals with air-to-surface simulation training skills and did not address maneuvers Involving high
transfer and motion cueing effects in general, and "G"-low altitude tasks.
it represents a first step towards achieving these
objectives. AFHRL receodtly participated in a study (ASD

Project 2235) which facilitated the development
Background and Literature Review of a visual scene capability on the Advanced

The foregoing summarized the reasons for, and Simulator for Pilot Training that included a
purposes of the study, but a brief expansion of conventional air-to-surface weapons delivery
these points will add some clarifying detailso complex and the display of tactical targets for

more advanced operational training, This visual

Backgr 1. The Air Force plans extensive capability, when combined with objective scoring
simulatoi 'rocurenients in order to reduce flying strategies and the existing motion system
training hours while maintaining operational permitted the investigation of the
readiness. In light of this fact, it is highly desirable transfer-of.tralning phenonena described in the
to determine the effectiveness of candidate present study,
simulator configurations for specific training Air-to-surface weapons delivery is a high risk
applications prior to their acquisition by the user, area of trainhig for newly rated pilots. Large Air
From the user's viewpoint, there are two aspects Force expenditures forsimulation of this activity
to this process. First, the simulation must provide are imminent. Therefore, a detennination of both
the cues psintial for training; and second, there the feasibility of simulator training in this area andsimulator to the aircraft, From a budgetary staed, an assessment of the contribution of platform

motion to simulator effectiveness in this context
point, these two requirements are valid, but the was deemed essential.
cost element must be considered as well. Unneces-
sary features should not be purchased: the Literature Review, There have been nunerotos
simulation nrust fiot only be effective, but also it Ptudles investigating the effects of platforrm
must be efficient, motion upon piloting tasks. Many of these have

been directed toward determining the degees ofOne expensive flight siniulator feature, of freedom required fo~r motion systems ii particular
which the universal essentiality is not certain, is

platfono motion. the question as to whether the settings, as well as what levels of fidelity are
existence of simulator platform motion enhances needed (Bergeron, 1970: Jacobs, Williges, &
the training effectiveness of the device is n Issue Roscoe, 1973). This body of research, however, is
of considerable importance. Using a moving plat- equivocal, and findings have not always been
form to provide vestibular arid kinesthetic cues to consistent froin study to study.
the pilot is a costly process. Not only are initial
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Certain studies have shown that motion constitutes a dangerous activity for newly rated
produces improved pilot performance in con- pilots. An alternative, if demonstrated to be
trolling the simulator (BIurlace, 1967; Brown, effective, is the use or flight simulator. designed
Johnson, & Mungall, 1960). In this vein, Rathert, with air-to-surface capabilities. A related issue is
Creer, and Sadoff (1961) -demonstrated that the ceficiency of this training for student pilots of
varying the fidelity of motion cueing directly differing ability levels. Is the payoff of simulator
affected the pilot's perf'omiance in the simulator. training relatively equal for all students, or do
Koonce (1974) investigated the training effective- some profit to a greater extent than others?
ness of platforii motion using three conditions of Finally, if it were shown that simulator platform
motion cueing (i.e., no motion, sustained motion motion does not increase the training transfer to
cueing, and washout motion cueing). This study the aircraft, significant reductions in the life-cycle
reported an increase in pilot perforimn,.e in the costs of the device would be realized.
simulator when either condition of motion cueing
was present, Objectives

Froen Koxnce's study, it is seen that dhe The objectives of this research were to deter-
evidence supporting the positive effects of high mine: (a) the extent to which generalized,
fidelity motion cueing is not firmly established, conventional, air-to-surface weapons delivery
Demaree, Norman, and Matheny (1965) concluded training in the Advanced Simulator for Pilot
that in many instances the level of fidelity could Training transfers to a specific aircraft; (b) the
be reduced without any appreciable performance contribution of six-dogree-of-freedom platform
decrement on tracking tasks, Huddleston (1966) motion to the transfer of training from simulator
reported that motion may not be necessary for to aircraft; and (c) the differential effects, It' any,
those piloting tasks performed in the more stable of this simulator training on student pilots of
flight regimes, although it may be benefl, lal in differing ability levels.
highly dynamic regivies. Finally, a follow-on study
to Koonce (Jacobs & Roscot, 1975) may have Study Rationale
revealed a critical facet of the issue. It was found The main theme followed throughout the study
that pilot performance, in terms of errors corn- was that the approach should be intensely realistic
mntted, improved in the simulator with the in terms of Air Force operations. Accordingly, it
presence of either normal washout motion or was decided to select a homogenous group of
random washout motion where the latter condi- inexperienced pilots who had already been
tion provided appropriate onset cueing, but identified for righter' training, train them on
random directional cueing. Perhaps it may be that specified tasks in the simulator, then measure their
motion serves only to alert the pilot to a change in performance on the same tasks in an aircraft on an
conditions and rarely has any intrinsic stimulus actual gunnery range. The result was a simple
value beyond this point (Irish, Grunzke, Gray, & study, easily and quickly understood, that
Waters, 1977). Simple "movement," not produced information directly applicable to Air
complexly driven motion piatforms, may provide a Force arcas of concern.
sufficient condition for simulation. A major decision made in establishing the

A plethora of studies attest to the training value simulator configuration dealt with the G-Seat. The
of simulation (Caro, 1970; Prophet, Caro, & Hall, G-Seat can serve as a platforrm motion surrogate bl,
1972; Reid & Cyrus, 1974; Woodruff & Smith, providing vestibular and kinesthetic cues. If the
1974). But the effectiveness of simulator training G-Seat had been included as ah independent
varies enormously' when viewed across hpeciflc variable, two additional groups of subjects would
applications, and it is wise to pretest wtwnever have been required for the experiment. This action
possible. In addition, Individual differences in the would have increased the sie and duration of the
student population may produce widely different -ffort by two-thirds. Due to the urgent demand
effects of such training. The present study was for immediate information on platform motion
designed to investigate these possibilities as well as effects, a larger study was not a viable option.
provide baseline data for envisioned air-to-surface Consequently, it was decided that the G-Seat
simulator training programs would be a fixed study factor.

Problem Statement The fully operative motion .'ondition waschosen for the (i-Seat , onfiguration . The reasonAt the present time, TA(air-to-surface training for this selection was that, unlike motion

is taught in tactical aircraft. This procedure
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plllotuns,, htc inclusion of a (;-Sc:it ,rlds very little great care was taken to rcmove a. much of flis
to 'ilhter tlh acquisitioln o lifc-,yclc costs of a unwantcd variance as possible through the use of
flight simulator. Since it seemed highly probable judicious selection techniqutes and counter-
that all fit ult' sophist' ated flight simulators balancing.
would be procured with G-Scats, it was believed Subject Background apid Selection. It was
that the study results would have greater validity if decided that the most representative source of
the G.Seat were operative during the simulator recentsubjects would be reetundergraduate pilot
training phase. training (UPT) graduates who had been identified

ihe aircraft selected for the data flights was the for fighter assignments. These novice pilots receive
F-5H, primarily because F-5B training is accom- a short 6-week fighter lead-in training course at
plish,'d at Williams Air Force Base, Arizona, and Holloman Air Force Base, New Mexico, after
the proximity tit instructor pilots and aircraft graduation from UPT and prior to their arrival at
gre:rtly simplified this poition of the data CCT lor their respective aircraft, The lead-in
collection. An additional reasoi. for its selection course is designed to improve formation flying
was because it is a two-seat aircraft and two data skills and to provide an introduction to high
collection flights per subject could be scheduled performance maneuvering and to air-to-ground
with very lit tle checkout time In the aircraft, since weapons delivery. At the time of this study, the
an instructor would be on board to perform all course contained 19 sorties in the two-place T-.8
tasks not required as part of the study (as well as aircraft, the same aircraft flown in UIr'.
providing adequate flight safety), Had the F-SB The subjects were oven the entire lead-in train-
not been used, it would have been necessary to ing course wsts r the exception r'the air-toIsurface
conduct the study as part of a formal combat crew indoctrination. Thies required deleting two a - 38
training (CC'T) program where the subjects would sorties which were replaced by two sorties in the
have received a complete checkout In the CCI air- F-5B at Williams Air Force Base, Arizona, as part
ciaft. This might have caused safety problems due of the study. The two sorties deleted at Holloman
to dissimilar flight characteristics between the air- Air Force Base are flown "dry" since the T-38
craft and the simulator. These problems were does not have the capability t) deliver ordnance,
avoided by using the F-5B. This point will be dosnthvtecabityodevr dnn,avoidis ed byursring the FMe13,hods pont Proce res whereas the two F-SB sorties gave the subjects thediscussed t i rthn r in the Methods and Procedures opportunity to drop 12 BIJU-33 practice bombs

which would serve as ei.terlon measures.
amiing support for fits project was greatly Actual selection of the subjects required several

facilitated because of its "training/research" steps. First, the Air Force Military Personnel
aspect, Not only woeild important research issues Center pipeline management section provided a list
be examied, but valuable traening would be of potential subjects who had enough timegained by the participants. Air-to-surface training available between lead-in training and their CCT
has always :epreeited one of the most difficult reporting dates to allow a 2-week tour 0 duty for
areas to train in the aircruft. A ciance to obtain this study. From this list, only those with no prior
sonic pretruining Iot students prior to their arrival Air Force service time or significant fixed.wing
at ('CT was readily endorsed by the training flying experience odter tihan UP`(' were selected for
squadrons. possible participation in the study. Finally, the

actual subjects were randonly selected from this

DPROCEDURES reduced list and their nanes wit to the training
It METH)D ANDPRO Dsquadron at Hlolhnan AFB. At this point the

& stated in the rationale, a major objective of training squadron develolxpd a rank-ordering of the

the approach was that the study be performed sobfects. This runkts' derfno wras n ade (n the basis

within the context of typical Air Force training training.
operations. This requirement was the determining
factor in dte study's methodology. Subject Assignment. Upon the completion of

lead-in training, the student pilots were sent to
Subjects Williams AFB In groups of six. It was necessary to

The personnel who serve as subjects in simuha- use four lead-in training classes in order to producea total N of 24 students, eight suhjects assigned to
tion research are usually found to he the m ajor u t o f th re group s.

single source of variance when the analysis of the ch of' three groups.

experimental results is completed. In this study,

7



I hei ;i n kmIgN ~i~vi,- , 1v le st Iiawrd ron at A.SPI ha~s two hilly inslimimilitt-d 1 37 cockpits
I tLt4)II (mim A'I I -1 1, netl t le Nisis tmi assigning ecahl moittiiitl upon( Mot-erto Itcii)itioii plat-

s iJii~~ In lto -It a contriol gioup which would forms. llie synergistit 1ioti~ i system hils six
lCCtlVV 110 SuiMu.l ioiruining, iii one of two experi- active driv'3 lcgs with approximately 5 feet oif
uiuentiul1 in ouipi (suibdiVidet into motion aid no- vcr',ieal travel and 4 feet of' horizoulla! travel.
muotion groups). [or the first class, the subjects Disr w~i-:1enit capabilities -inchude p~chl -.20
ranked I and 6 were placed in the mo1tionl group, 2 degrees to +30 degrees; roll ±22 degrees; and yaw
and 5 in tlue iu-muotion group, and .1 and 4 in the ±32 degrees, Thlese displacements are intended to
control group. C'lass two grouped students 2 and 5 provide initial (onset) cues for all maneuvers. Thc
iitkt fthe mot ion condition, 3 and 4 into the no- 3 1-bellow pcneumatic Cl-seat in ASfN1 is designed to
miioti on cond ition and I and 6 we rc use d as provide more continuous cues t hant the motion
com t iols ('lass three used the last available pluatforn, and accomplishes this by the orderly
comubi nat ion and class four used the first inflation and deflation of the bellows in response
covi'iination over again, Fortunately, this counter- to the requirements of each particular maneuver.
1b;taJnCilg on st Udent performance also produced 1Tle visual system of ASl'T is comuprised of
eroups fiat were well equated fronm the standpoint seven 36-inch monochromatic caflhode-ray tubes
of mean fixed-wing time. Trhe control group placed around tile cockpit giving thle pi-lot +110
averaged 259 hoatrs, the motion experimental degrees to 40 degrees vertical cuecnug and f 150
group averaged 2716 hours, and the no-motion degrees of horiz.ontal cucing. The computer-
extx'tiniental group averaged 248 hours, These generated visual scene has the capability to display
atitnuirdivfepercent werel not statiticalyslllcn inforniatlon for most pertinent ground referencest

at te fie prcen leel o cofidece.(mountains, runways, hangars, etc.) within a
It is believed that this procedure accomplished 10O-squuure-nautitcal-tnlle area of Willianms AFB.

its purposes: nianely, subject groups matched as to The configuration for this study Included the
ahility, and a study that would allow valid Eeneral- conv'entionial gunnery range visual data base
/.atiotis on the benefits of' air-to-surfixce simulator developed for project 2235 and the depressible
nainiiug to tfie appropriate Air Force population, bombing sight (A-37 Optical Sight Unit) installed

for that project (Hutton, Burke, Frnglehart, Wilson,
Instructor Pilots Rumaglia, & MchneIder, 1976).

With one exception, the study's instructor The aerodynamic mathematical models driving
pilots were drawn fRom the 425th Tactical Fig~hter the simulator are those of the T-3 7 aircraft. The
Training Squadron stationed at Williams AFB. All feasibility of changing tfhese tmodels ito increase tise
Instruict or Pilots were highly experienced in air-to- performance of' the simun laftor to iii v
surface weapons delivery and were thoroughly representative airspeeds and handling qualities of
hulL-fed on the purpows of the study and their jobs fighter-type aircraft was investigated. Istilatcs of'
within it. Special training on ihe ASP'T console that effort platced unalcc~eptahtc time delays on the
operation anid advanced training teat ures capa- project which would have not allowed in forin:~ion
hil ities was given toi the Instructor Pilots who to) be provided to the using comm iand within the
administe red the simulator training, required timec frame.,

ApparatusSH F-3 ue [ii -51B proved to he ani excellent
Apparatuschoice as the criterion test vehiclte br mneastrinng

1lhe apparatus tused in the study consisted of the ability of' tue subjects to pert oruit air-to-surface
two devices: the Advanced Simulator for Pilot weapons delivery. As mentioned previously, the
Trainilng (ASIMT, and the F-51B aircraft, flight characteristics of the [-511 are slimilar ito

AS/"1 The ASIVT located at the Air Force t hose~ of' the T-39 aircraft which the siuhjects hsad
Ilbm 01 iiiH':iources Lbatr/yn -ing flown fir approximately '110 hours iiIn llP and

Divislo (AHI L/ as used orythyen Training another 20 hours during lead-in trainiing. D~iffer-

xiortioni of the st Lidy. TFechnicail references for this ences fin operational proceduires and "switchiology"
device are fotund tIn Ilagin and Smith ( 1974); and were prebrieted prior to eachi iaircraft nmission and
Rost (1975), hut aishort description will be given. peetdn ibes(iii h aacleto

8 lghs



lirilpentlivia Vadriables 'llc dcsr1'.r \Y:ls ritl hr t1; '11. Jr II liI

Fomu indlepenrdenit variables were used in tile idllaYsCS 01f VriarI1e CI I)II0111101 MiI 11W dLIrI il S WCl
study. 'lire first (it these, traininig conrditions, as thle twoill krilt ivirinrtc CISCS.
represents thle weapions delivery trainring received
by tire subjects at Williams Al- 13. Thiere wete three Dependent Variables,
levels oft this variable: iro simulator training Thlere were threeO primary sets of, depenident
((Control Ctoup ) simudlatot t raininlg with pi at for vaibe mn lltl td.al to0'teeS
motion (Fxperiurental (hroup 0); and, simoulatuor veribesueli tichtomo stuy.rdto fteest
training withoiut platt'orm rmoition ( lxperinrrertal v dhtorri.
Group 2). 'flit speci fic syllabms content and A ircruji lPivfJ0?M v OhO r 'preirh'Pt I'riublcs.
student flow tor all three contditions will be Two classes ofl depeiderrt mneasuires resin ted
covered inl a subsequent section. directly f'romi stundenit pe rio rriaire dartai obtaiined

Thec second inideperrdent variable was sirunlator during~ tire [-511 criterion flights. 'lire firsr 0of these,
platform mrotion. Therte were twor lcvels of' this bomb delivery accuracy, were scores, froprrr 'act ice
variable: level one used the lull six-degree-of'- bombhs dropped on the cornvenitionial grirre ry ranrge
l' ecdorn plaff rm m rotionr availableý fr level two at Gila Wlnd, Arizonan. lThe secomnd depentdent

tileplufor wasstaionry.variable based oi frlying performnirce was
the lutkrnrwasstatinnny.instructor pilot ratings. Instructor pilots flying

The third independent variable consisted rof tile with tire studerrtq in tle aircraftl gave subjective
weapons delivery tasks pefforrned by tin' Al dy ratings oilr a w;ale of 0 ito 4 onl each hrrrrh delivery
su bject s. 11irree rliftc rent we a porns delivery tasks at tem' pt, whinchf were converte cin to starrda rd
were selected: dhe high drag I 0-degree dive angle: sconres (irrarn of' 50, starrdar- deviation of' 10) fori
the higli dr:ig 1S-dlegiee dive artglc; and thre arnalytic purposes, 'These ratings covered overall
30-degree-Lingle dive txnrrb. Speciflic delivery flying poerforrirance irr tire borbihnrg patte'rnr, hint
parameters are described fIt Appendix A. excluded any cornsideration of' the actrial honrrh

'lire t'rnrd independent variable, initial flying Sconre.
ability, wais chosen to give greater expe rimnental Similator l'crfororatim' Dlwn'j'iiril'i V'aOahk's.
cont rol arid to permit group comparisons on the Similar to tire above, tirere were two cimases oIf
C fleet s of, silmirlator trarinitrg as a f'unction of dependeint mneasu res, thrat resulted Ifrorir st uderi
studerr t ability. Asi stated above, thle subjects were perf'ormance iii tire ASPT1. 'lire first tif these. horrb
rank-ordered b)y tire training squadron at delivery circular error. is a rreasurcr cormrparahle inl
ilollomrani AFB onl tile flying ability they demnr.r every r esp~ect to thre coirresponrdirng nirrasrre
strateud during lead-in t raining. 'fis served twuo oibse rved during tire clieck rides, A Scorrinig
purporses: firs, it allowed courrterhalancing (If algmorithim in dire snrrmrlator or 011kilrri Captrrred All
subjects sr thIa t tirere were ma tchred groups iii t hi release paramrret ers oiI eacah del~iye ry arnd coii 11 it,!
three trainirig Qoirditioris; secoind, it made possible air imipact distance fhoml tire target cnenter
coimpanisons on thle value of' slirnnlatoi traininrg Caablitie ofl tihe ASPI were jllrr uISed to
between students judged to have greater, as recoird sirmulated flight* par rrrreters at tlire irrirricit
contrasted to lesser, initial flying abrility, of' binrh reease. Airspeedl, ailtitude, G-lrrad,

Study Design treading air dIIivye 'IiiglO Were p ri rited oilt fur eacfn
weaponrs delivery. 'These were thre paramreters

like desigir used thnrounghout the study was an utilized ir tre rirultivariate analyses of' variance.
elemnrtitary t wrr actrir "mixed" airalysis of' SbetQ sionre 0utonae w evariance classihied hy I itrdquist (I 1953) as :r Type I complete by all morrtia '. at (lit, it'rrnair ninwe.
desisii.'lire basic de sign he nt It self' nicely fit tire (A ri r p lete by iIsthrie Ir tsattirnle irr drf taine ill g
analysis requrireirenrts because f'or two fevel corn- (Appaendrix H.) ieuietirrrrei eriare i
trusts (ix., motiron versus nor-motIon, superior A~erk1.
versus interiorr studernts), it conrvenrieirtly collapses Syllabus D~evelopimentI
in simipler paradigmis. 'Ilie three weapons delivery 'lire fIrs, step ill tire syhhitrirs devetoprrrerrt was
tasks (i.e., 1 0-degree, I 5-degree, arid 1U-degree (li\ o to ileeirrimre tire tasks t) lire tlwiwr. 'lire resrilts
angles) comprised one factor of' this design, while fonrr project 22.35 shoiwed that all Coll veilrtitiral
g rou1p- assoiclate d imndepenrdenrt variables (ie., weaponr deliveries couldr hie flownr in tine ASPI.
Cionrditions of train lug, siml n ato miio t iion configurra- 'Irese w ca ibois deliver Iis crrould hre ci ansi tied Intr
Utions, arid initial flying ability) crnstituited tire three genreral categories, foirwarif I irinrg (strafe),
other. lirwarigle hoirihirig, arid lIr~ighrirrgle 1rrri1hiirg.



Bltore ihc atirctift it) be Lied in perforning the At this point, the control group was separated
t itIcruir t1rsk• was sclccted, it was planned to from the experimental groups arid given their
Ci11KSC 011C task hl•n each cv'egoy. Ilowever, sccojnd block of training, an orientation to ti.:
when the F-S1 became the weapons platform, F-SB. (A sample training schedule appears in
strafi, had to be eliminated from consideration Appendix C.) This block of trahiing consisted of
because the F-51B do•s not ,have guns, Rockets instruction on aircraft procedures and ended with
could have beer. used, but simulation of that capa- a test on critical action emergency procedures
bility had not yet been developed on the ASPK. It which were required knowledge prior to flight. For
was decided, therefore, to use two low-angle these subjects, the remainder of the first day was
bombing events and one high-angle event. The two spent on the flight line with time in the cockpit to
low-angle events selected were 10- and !5-degree familiarize them with armament procedures and
simulated high drag deliveries. switchology. These control subjects then flew their

The high angle event selected was the 30-degree two data flights in the F-5B on the second and
dive bomrib. The skill, required for this event are third days (one flight per day), The content of the
somewhat different than for the low-angle flights are described as follows.
deliveries. More reliance on in-cockpit Instrumenti After receiving the first block ground school
is necessary to tueet required release parameters. with the control group, the experimental groups
Higher angle events such as 45 degree or 60 degree then proceeded with their simulator training, They
were eliminated from consideration because they did not receive the second block on F-5B
were not performed in the F-SB aircraft as a part procedures until after the simulator training had
of the normal training course, been completed.

The next step in the syllabus development was The simulator training started with a 20-minute
to determine how the deliveries would be taught in sound/slide presentation that covered the normal
the ASPT and how they would be performed in and emergency procedures the subects would
die aircraft, On a conventional gunnery range, if need to know prior to operating any of the simula.
both high. and low.angle events are to be flown, tion equipment. A trained operator pve each
the low-angle events are flown first. This is done subject an individual checkout on these procedures
tor sevend reasons, but primarily for time and fuel in the simulator cockpit before the subject's first
considerations. Consequently, this low-to-high mission. This operator remained on duty
sequence was followed throughout the study. throughout the training periods to act as a safety

A prototype syllabus was established and observer.
several experience pilots with no previous air-to- A schedule of the simulator training is
surface training were selected to conduct a pretest presented in Appendix D. The syllabus for this
of the mission scenarios. These trial runs provided training was divided into eight, I-hour sorties. A
insight into the amount of time required to building block approach was followed throughout.
conduct the training, the optimum length of each On the first simulator mission, a short familiar-
sortie, and at the same time provided experience in ization flight was provided prior to starting the
console operations for the instructors who would actual weapons delivery training. During this time,
be doing the actual training. After several minor the subjects experienced the control forces and
changes were made to the syllabus, the course of trim changes that would occur over the airsixed
instruction was administered to a new UPT ranges that were later flown. Characteristics of the
graduate with flying experience similar to the simulator visual system were explained so the
actual subjects. No problems were encountered subjects were well-adapted to the outside-the-
and the sequence and instru.tional techniques cockpit environment.
were finalized prior to arrival of the first class of After the famiiarization period, the simulator
souhjects. was initialized to the gunnery range for the start of
Subject Training the air-to-surface training. The events were taught

in sequence starting with the lO-degree-dive-angle
After their arrival at Williams AFB, all of the task. The delivery was introduced with a pre-

subjects were given twu Llocks of "ground school" recorded demonstration of the base leg and final
trairning during the study. The first block was approach portions of the pattern. (See Appendix
presented on the first morning and consisted of an A for diagrams of the complete patterns.) The
introductory briefing, an overview of the study, student was then "reset" to the same starting
and a short phase review of air-to-surface weapons point and allowed to practice what he had seen.
delivery. This part-task approach was selected to *ake
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advantage of the available advanced training Scoring Procedures
features such as problem tfreete, initialization/ Although the satne gene-ral approach was use 1,
reset, and record/playback. After several trials, the real-world occurrences naturally beyond ex ,
student again viewed the prerecorded demon- mental control made it necessary to use slightly
stration. This presentation was dynamic for all different scoring procedures for the aircraft
flight instruments, stick, rudder, and throttles, as criterion missions as opposed to the simulator
well as the visual scene. The student then flew the criterion nissions.
part-task pattern again with his own performance
recorded. When this was replayed, lie had instant F-5R Tests. Ordnance dropped on the Gila
feedback which he could use to analyze his own Bend Gunnery Range was scored by observers
erwors, The instructor pilots used t0e problem positioned in towers near the bombing target.
freeze feature frequently to stop the sequence and Upon impact, a small powder charge In each
to point out what dte student should have been practice bomb discharged a puff of white smoke
seeing and doing. Finally, the full pattern was which was easily visible, Observers In the two
demonstrated and taught in much the same towers used sighting transits to triangulate the
manner as the part-task pattern, location of the bomb impact. The triangulation

The second and third missions introduced the readings were used to compute the distance of the

15. and 30degree tasks using the same procedures. impact from the center of the target, These
R.einforcement of prevlously learned patterns was circular erro, scores were relayed via radio to the

accomplished at several points in the missions, The aircraft after each event. Maximum distance for

instructor pilots used mission guides in order to determining circular error was 300 feet, with any-
thing outside this limit being reported asfoliow the sequence exactly on each sortie. Thus, unscorable. These bombs were arbitrarily assigned

each student in the experimental groups received

the samo number of repetitions on each of the a score of 301 feet for purposes of analysis.

three bomb delivery tasks, Occasionally a malfunction prevented a bomb

For the first three missions simulated wind from releasing from the aircraft. These "no

conditions were calm, but starting with the fourth release" passes were rated by the instructor pilots
since the pattern was flown but no bomb scoremission, subjects recwlved instruction and practice was recorded, This was reflected in the analysis

with many various wind directions and speeds. with some subjects having fewer total opportu-
nities which were adjusted for mathematically, Of

Testing Procdtrira the total of eight malfunctions that occurred,
Criterion performance tests were administered there were seven in the Control Group, and one in

in the F-SB aircraft for all groups and in the ASPT the Motion Experimental Group.
for the two experimental groups. Simulator Test.,. The simulator had a

F-5B Tests. Each subject flew twu flights in theoretically uittmited number ot bombs. Each
the F-SB. The test profile wws identical for both time the pilot released a simulated bomb, the
flights and consisted of' a total of nine bombing instructor received a graphical display of the bomb
pattems on each flight. The F-SB carries six impact on a cathode-ray tube which depicted the
practice bombs; so, with three tasks, this resulted target circle. He also received a printout of the
in the delivery of two bombs per task per sortie. exact parameters so he could analyze and critique
One extra pattern was flown on each task so a the subjects' perlormance. Since the computer was
practice run could be flown prior to the two actual scoring the bombs, there w*ere none recorded
weapons deliveries. "unscorable." No relcase malfunctions occurred

Simulator Tests. The last two sorties in the during the simulator training.

simulator were designed to give the subject the
same profiles on the simulated range that he would
fly on his two aircraft sorties. Each delivery was Ill. RESULTS
graded using the same weapons delivery criterion
measure used on the aircraft data flights and The research m berfobrmped in this study addressed
instruction was minimal. For the scored portions three objectives which may be simplified into the
of these flights, the winds were set to represent following queations'
conditions typical of the Gila Bend Gunnery I , Does simulator training improve air-
Range. to-surface weapons delivery skills in novice pilots?

11



2. )ocs viiholalor plhtt,)mi motion contribottc Njuflber of rSY)rabh' A)mbs. Similar to the first
I( 11y degre t6) such traiirlhg? analysis; Chi--Square wv,, used to test for significant

differences in the nurober of scorable (circular
affect ntoice pilots of higaer versus lower ability error of 300 feet, or less) bombs delivered by the
levestot nvice pilotofhiger? vC and h groups. Again. the E groups were signifi.
levels to the same extent'? cantly better at the five pacsent level of

The hypotheses tested in the analyses of results confidence (x2 = 7.82). Table 2 lists the observed
were taken directly from the, questions: (The values and percentaes for the three groups,
source tables for these analyses are given in
Appendix I;.) Accordingly, thLs section is 7bble 2. Number of Scorable Bombs
organized to answer these questions in the order in (Training Effects Analysis)
which they appear.

The remaining dependent variable set, subject Scor-ble Mire,

questionnaire responses, is separately analyzed at Number Percentage Number Pereenhae

the end of the section. Because these data
consisted of' subjective opinions, a quantitative C 64 72 25 28

analysis was niot possible, but where substantial El 82 86 13 14
response concurrence occurred, it is identified and E, 82 85 14 15
reported.

Simulator Training Effects Bomb Deliver>, Orcular Errr. Using the
The analysis of the ASPT training effects was circular error on bomb delivery tasks In the F-SB

based on a series of contrasts between the Control aircraft as the dependent variable, a Undqulst
Group (C) and the Experimental Groups (El and Type I analysis of variance was conducted to
LE2 ), The data collected made possible four compare the C and F groups. The overall F value
comparisons. The dependent variables used for was significant at the five percent level of
these comparisons were: numnber of gunnery range confidence (F = 4.39) and a Tukey Multiple
qualifying bombs; number of gunnery range Comparison Test. proved both E groups to be
scorable bombs, gunnery range bomb circular superior to the C group at the same level of
error; and, instructor pilot ratings on F-5B flying confidence. There were no significant differences
performance. between the E, and E2 groups. Table 3 lists the

Number of Qtalifying Iombs. A Chi-Square observed ireans for each group on the three bomb
was perfornr'ed to test fhr significant differences in delivery tasks.
the n uber of qualityi nv bonmb deliveries made hy
the C and Fi gt(,loS. Using TAC criteria, Tbhk 3. Bomb Delivery Circular Error
qualification wa;. defined as a k ircular error of 105 Means (Training Effects Analysi)
feet, or less, for l0-dt'grec aid 15-degree dive
angles and 140 feet, or less, for the 30-degree dive 10" dive angle IS1 dive angle 30" dive ange

angle. Roth F groups were found to be signifi-
cantly better thain the C group at the Five percert C 200' Io0' 2014'
level of confidence (X (r.9)9). Table I lists the I,, 148' 138, 169'
observed values and percentages for the three I 138' 144' 159'
groups.

"Iiibh 1. Number of Qualifying Flying Perjoirnaance Ratings. The same
Bombs (Training Effects Analysis) lnndquist Type I design was employed to analyze

differences between the C and E groups where the
Qualifying Millet dependent measure was instructor pilot rating of

Number Pereentfle Number Percenleg, F.5B flying performance. Although the E groups'
ratings were superior to ti,,se auigned the C group

C 24 27 64 73 at the 20 percent level of confidence, the F value
L, 41 4. 54 57 was riot significant at the five percent level (F=

2.36). Table 4 lists the mean ratings received by
Fl 42 44 54 56 each group on the three bomb delivery tasks.
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Table 4. Flying Performance Rating The second analysis used the same dependent
Means (Training Effects Analysis) variable and was conducted to see if the groups

differed at the conclusion of their simulator
Ie° dive angle 130 dive Engle 30n dive antis training. The third and fourth analyses paralleled

these initial and final comparisons but used air-
C 44.6 48.9 49.4 craft delivery parameters (airspeed, heading,
E, 52.7 52.7 48,3 release altitude, G4oad, and dive angle) as the
E, 49.4 52.2 51.1 dependent variables in a multivariate analysis of

variance.

Platform Motion Effects Initial Bormb Delivery Orcular hrrr. A
Lindquist Type I analysis of variance was

Considerable effort was expended on the performed on the observed average bomb delivery
analyses of possible simulator platform motion circular error recorded for each subject on his
effects. The results may be summarized at the initial six attempts on each task (i.e., 10-, 15-, and
outset by stating that none were found. Howevor, 30-degree dive angles). The results showed no
since the issue is an important one for device significant difference at the five percent level of
configuration, the lack of significant differences confidence (F = .61). Table 5 lists the observed
and the extreme closeness of the two experimental means for each group on the three bomb delivery
groups on the dependent measures were of tasks.
interest.

In addition to the dependent variables Table 5. Inifial Bomb Delivery Circular
previously used for C and E group contruts, the Error Means (Motion Effects Analysis)
simulator data were also available for analysis. The .- d @Mie 150 dive angle 300 dive angle
approach taken followed this pattern, analyzing
F-5B data first and simulator data second. E 89 175' 1511

F.SB Data; Number of Qualifying Bombs. A FE, 151' 126' 159'
ChW-Square Test performed on the data given in
Table I found no significant differences between Final Bomb Delivery Circular nrror. The samne
the El and E2 groups (-:2 = .01). In fact, when the procedure was used to determine if the El and E2
hung bomb on one taqk is considered, the scores of groups' final performance (eighth simulator
the two groups are identical, mision) on these tasks differed significantly. At

F-SB Data: Number of Swrable Bombs, A Chi- the five percent level of confidence this was found

Square Test performed on the data given in Table not to be the case (F = .00), Table 6 lists the
I also showed no differences between the E, and observed means for each group on the three bomb
E2 groups (x' = .03). Again, allowing for the hung delivery tasks.
bomb in the El group, the numbers are identical. Table 6. Final Bomb Delivery Circular Ernor

F-SB Data: Bomb Delivery Crcular Error. The Means (Motion Effects Analysis)
LAndquist Type I analysis of variance resulted in
no significant differences (F = .06) between the 10' dive Engle 1s' dive angle 30" dive angle
means of the two experimental groups (see Table
3). L, to7' 104' 129'

F-.B Data: Instructor Riot Ratings of Flying 011 86, 133'

Performance. As before, the analysis of variance
produced no significant differences (F= .03) Inoupl Aircaft design ras thebetween the mean of the E, and E2 groups (see "groups by tasks" design was employed for the
Table 4). multivariate analysis of variance perrformed onaircraft delivery parameters observed for the initial

The analysis of' the simulator training data for three simulator missions. Unlike the univariate
the motion and no-motion experimental groups cues, there werefive dependent variables analyzed
also failed to yield significant differences. Four simultaneously. Rao's approximation of the
analyses were run on this data. The first analysis F-distribution provided the test of significance
used bomb delivery circular error as the dependent (Tatsuoka, 1971). The result was an R-value of .28
variable and was performed to determine if theae which Is not significant at the five percent level of
was an initial difference between the two groups.
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confidence. The observed mean differences from given in Table 7 for each experimental group and

the ideal value for each aixcrafl parameter are task.

Table 7. Initial Aircraft Delivery Parameters (Motion Effects Analymis)

100 d iv ange IS' dive angle 30° dive angle

Heading 1.570 Heading 2.520 Heading 4.650
Altitude 85,04' Altitude 55,10' Altitude 152.09'

EI Airspeed 5.63 kts Airspeed 5.95 kts Airspeed 6.06 kts
G-Load ,18# G-load .221 G-load .31
Dive Angle 1.39 Dive Angle 1:05 Dive Angle 1.46

Heading 1.500 Heading 1,660 Heading 3.200
Altitude 110.01' Altitude 67,08' Altitude I 11.50'

E2  Airspeed 4.51 kts Airspeed 7.55 kts Airspeed 5.11 kts
G-load .141 G-load .181 G-load .331
Dive Angle 1.63 Dive Angle ,83 Dive Angle 1.12

Rlnal Aircraft Delivery Parameters, The analysis Thi was not significant at the five percent level of
of the aixcraft delivery parameters observed on the confidence. The observed mean differences from
eighth simulator mission was identical to that used the ideal value for each aircraft parameter are
above. As before, the test for significant differ- listed in Table 8 for each experimental group and
ences was Rao's approximation of the F- task.
distribution, and the result was an R-value of 1.63.

Table 8. Final Aircraft Delivery Paramrtters (Motion Effects Analysis)

I GO dive angle I SO dive amooe I0e dive angle

Heading 1.390 Heading 1.850 Heading 3.21
Altitude 82.61' Altitude 98.71' Altitude 117.57'

E, Airspeed 3.37 kts Airspeed 4.24 kts Airspeed 7.16 kts
G-load .191 G-load .191 G-load .251
Dive Angle 2,02 Dive Angle .97 Dive Angle 1.05

Heading 1.180 Heading 1.400 Heading 4,440
Altitude 95.99' Altitude 73.11' Altitude 216.48'

E2  Airspeed 3.73 kts Airspeed 8.00 kta Airspeed 4.42 kts
G-load .071 G-load .15s G-load .261
Dive Angle 2.64 Dive Angle 1.09 Dive Angle 1,63

Subject Ability Levels performed to answer this question. The first four
and Simulator Training of these analyses were based on data collected in

It seemed reasonable to hypothesize that train- the simulator; the second four used data collected

big in the ASP'T would improve alr-to.surface during the aircraft sorties.

weapons delivery skills, but an interesting Simulator Data. Using the ULndquist Type I
corollary question is: Who profits most? Is such design, four univadate analyses of variance were
simulator training more advantageous for the conducted to determine whether ASPT training
novice pilot of superior ability or for the novice was more beneficial to the subjects rated as the
pilot ol inferior ability? Eight analyses were upper one-half or the lower one-half of the clan
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troiT, leati-iit tatliling. I.,• ll il the'sLe atilyst's, resultiing F-vail;e of I .1i S wa sigifiicant it tle
h tuib dcl 'I.iy '..itculat colto serve.d is tdie live percenlt level (f coifutidevn'' Wte lh the sanle
dependent variable. analy s was run on tihe lower )?ic-hall grloup, the

Tile l'i analy sis investigated te initial *F-value wat not signiticalnt at the live percent level

disparity in weapons delivery skills between the F 1 .95).

upper one-half and lower oie-half groups, It was Aircraft Data. Four analyses on tipper one-half
rather surprising it) find that the groups did not versus lower one-hall subjects were run using the
differ sif.uiticantly at the five percent level of' data 'rom the F-51i sorties as the dependent
confldence (F = .58). Table () gives the initial variables, The first analysis was a Chi-Square Test
attempts observed means otr cacti group on the on the number oIf ualifying bombs delivered by
three bomb delivery tasks stt.died. the two groups. The resulting ('hi-Square value of

1.57 was not significant at the five percent level of'
Ta'blh 9. Initial Bomb elfivery Circular confidence (Talbh 12).
Error Means (Student Ability Analysis) hblv 12. Number of Qualifying Bombs

10" dive angle IS" dive ingie 30" dive angle (Student Ability Analysis)

Ulppt r 12 1i7t ' I4 1.5 2' Quaiftying Misses

Lutwer 1/2 174' 187' 158' Number Percentase Number Percentage

At the conclusion of' the simulator training, tpiper 1/2 46 48 Sot 52
however, there was a definite difference in degree tower 1/2 37 31 58H 61
of skill shown by the two groups. The F-value
equaled 3.14 and was significant at the five per- Thie second analysis was essentially a repeat of'
cent level oft' confidence with a directional the first, except that numtber of scurable bombs
hypothesis. Table 10 gives the final attempt was used as the dependent variable. Again, the
observed means for cacti group on Ohe three bomb Chi-Square 'rest was not significant at the five
delivery tasks. percent level (%2= 1.16). Table 13 gives the

observed values and percentages fir the two
Tahh' 10. Final Bomb Dlilvery Circular Error groups,

Means (Student Ability Analysis)
Tablu, 13. Number of Scorable Bombs

10" dive angle IS" dive angle 30" dive angle (Student Ability Analysis)

Uppler I!2 MW' 96' 1 1(1 Scarable Miuer
t.,,Wet 1/2 132' 94' 153' Number Percentage Num bear Prces ntage

Tihe percentagei' of imiuproveltment detoinnstrated UpPer 112 85 8M It 12
itn each task was comn puted tor the two groups. Lower 1/2 791 83. I b 11
Table II presents these data. The "average"
iroprover.ent was 30 percent for the tipper one- When bomb dclivciy circular error was used as
hall' group and 26 percent for the lower otic-ltallf the dependent variable, the Lindquist Type I
group, analysis of variarnce resulted in an F-valie of .73

i'ble I1. Percent Improventent in Bomb which was not signiticamit tit the live percent level
Delivery Circular Error (Student of confidence. Table 14 gives the means for each

Ability Analysisj group ot tile thirme hotmnb delivery tasks.
tO" dive angle 11" dive angie 30" dive angle

________________________________ 'fTahl /4. Boiiub I)clivery ('ircular Error

tUppet 1/2 4(,,, 16% 2H% Means (Student Ability Analysis)
Lo/wer 1/2 24, sir. 1%

10" dive angle 15" dive anllie 30" dive angle
To see if tile improvenmenIt shown by the upper

one-half group was significanlt, Lindquist Type I Uhippei 112 1 I'' I1,2' 143'
analysis of' variance was perfirnied on the initial, tower 1/2 154' 1 k.1' 18K4'

as cotrta-ted I1) the final, circular error scores. The
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"11CScIre • dCSigl was uscd to eval,,atc instructor F-51B. Thiis is most prohably true, but study
pilot ratings oft F-S Ilying, porformarnce for the constraints could riot allow additional sorties.
two groups. lI'e resulting F-value of 1.22 was rot 4. "More would have' been learned if the
significant at the five percent level of confidence. simulater sortie were 1.5 hours in duration rather
Table 15 lists the means ratings received by each than 1 hour." Of the subjects who addressed this
group oin the three bomb delivery tasks. point, one-half favored the Iwiger training session,

but the other half desired shorter sessions with

Tab'l 15. Flying Performance Rating interspersed breaks.

Means (Student Ability Analysis) 5. -"Two F-SB rides were not enouigb to
demonstrate what was actually learned in ASPT."

10" dive angle 1S" dive angle 30" dive angle Due to the different flight characteristics between
the ASPT and the F.5B, some subjects believed

Imyet 1/2 S,2.7 51.1 52.7 their gunnery range performance was degraded
Ibwvr I/2 4,).4 53.M 40.7  because they had not fully readjusted to the air.

graft.

The end result ol' these four analyses was that 6. "The flight characteristics of ASPT should
although none individually reached the five more closely resemble those (of the F- 5B." This
percent level of' confidence, when viewed comninent is merely a restatement of the previous
collectively, they ofTered strong evidence that It point.
was the superior students who gained most front 7. "T'here should be more simulator rides with
the simulator training. The outcomes of all four
analyses were in the sanie direction. When tire higher winds." This desire for more simulator

actual probability levels of the Chi-Square tod t raining reflects favorably upon the perceived
F-Test were taken Into consideration, the level of value of the program.
confidence reached was far beyond the five per. 8. "The sight picture should be emphasized In
cent point. the simulator training." This observation should be

implemented In future ASPT resarch applications.
Questionnaire Analysis

The open-ended questtomiaires were naturally
not aniceiable to quantitative analysis but did IV. DISCUSSION
provide a valuable source for insights into tie
subjects' attitudes and opinions about the Because tie study was so basic, its method-
program. AlthOLugh the feelings expressed by the elegy so lit conl'ornatice with typical Air Force
subjects were somnetiones diametrically opposed it) training operations and the results so clearet,
one another, there was considerable consensu as tljere is little to li, added to that already
to the prograin components on which coimmletits presented. 'heretore, this section will consist of
were made. hiis result was interprewd as the only a few brief' statenlefits sumnnmarlizng the

significant fInditngs ieealed by the questhionmniie. effects of generalii.ed air-lo-surflace simulat or
The statements listed below comprised the cssence weapons training, simulator platforn mtotion, and
of the point (or counterpoint) reported by 25 student ability as a variable in sinulator training.
percent, or Inore, ft lthe subjects. Simimbtor Training

I. `In general, it was a good prograni and thetrai~igwi. hihlyhenlical' lis oinin ~The answer to thfe question, "l)oes generalizedtrainhig w", highly beneficial." This opinion wtri

expressed by nearly all subjects. None reported air-to-surface simiulator weapons delivery training
negative feelings, trailst'e t t a spec ific aircraft?" is ant unqualified""yys." Perhaps the mtost ittiortant aspect oft this

2. "Ilhe objectives of the program were well result. in terms of' its iimplitations for simulator
explained." Subjecit opinion was unanimous oil this and training pograir d esign, is tile aict that the
point. ASII' was coiligured as a 1-37 (with a sighting

3. "The oriental ion to the F-S5B was sparse." device) arid still there was significant tranfer of
Many subjects believed they could have perforlted training to the F-51l. Although the finding that a
better on I he gunnery range if there had been low flidelity device cun provide considerable
iore lime to fly and hecoume faitmiliar with the training when properly employed is nut new



(Prophet & lBoyd, IN;70), tile study was a rather Tie fact that the better student usually profits
striking confirmation of the point, more when given fixed amounts of practice and

There is little doubt that the training given by receives the greatest benefits from innovations in

the program was highly beneficial to the novice training and education is a fairly common observa-

pilots who served as subjects. Both the control and tion. The same general finding also occurs even

experimental groups gained valuable experience in when the content of the training program syllabus

air-to-surface weapons delivery with the expert- remains constant, but new media are introduced to

mental groups receiving the most. convey this subject matter. That the present study
was no exception to this general rule adds face

Platform Motion validity to the results obtained.

It is impossible to prove the null hypothesis,
but the results of the study show unequivocally v, PERSPECTIVE
that six-degree-of-freedom platfomi motion did
not enhance the training value of the simulator. The study was performed to answer three
Considering the aerial weapons delivery task, this questions dealing with the role and effects of
is not a su'prislng finding. The task is primarily simulation when applied to training the acquisition
visual, and motion (or movetrent) serves only as of air-to-surface weapons delivery skills in novice
an alerting stimulus to the pilot, pilots. Further, in order to produce results of

The fact has significant ramifications for strong generalization, the study was conducted in

simulator design. Thie deletion of platform motion a manner that was completely realistic from an

requirements for air-to-surface simulation would operational viewpoint,

have enormous cost-avoidance consequences. It is Although only 24 individuals were. used as
believed that a G-seat and G-suit (with appropriate subjects (eight each in a control and two experi-
stick and pedal "shakers") would provide all mental groups), the treatment effects were so
necessary "motion" cues needed for this simula- powerful that clear-cut results emerged.
tion Consequently, the findings of the study may be

briefly summarized in the following three
Student Ability statements:

In this study, it was the better novice pilot who I. Conventional air-to-surface weapons
profited the most from the ASP'T training. In delivery training, as accomplished using
respect to their demonstrated weapons delivery low-fidelity simulation, has significant transfer to a
skills, the upper one-half and lower one-half specific aircraft.
groups of student started statistically equal. At the 2. Six-degree.of-freedom platfornI motion
conclusion of the simulator training, however, the does not contribute to this highly effective
upper one-half had made significant improvement training.
(at the five percent levul of confidence) from its 3. Novice student pilots of greater (as con.
starting point. Although the average performance trasted to lesser) Initial ability Senefit most from
of the lower one-half had also improved, it was not such simulator training when a nininhd mm fixed
signtflknt at this level of confidence. number of trials is used.
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APPENDIX B: STUDENT QUESTIONNAIRES
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NAME: ID NUMBER:

DATE: GROUP:

1. Total number of flight hours:

a. A/C type: flight hours:

b.

C.

d.

2. Total number of simulator training hours:

a. Smulator type: training hours:

b.

C.

Za. Were the training objectives of this special program clear to you:

b. What, if anything, was not clear?

3a. Was the instruction well managed and presented?

b. If not, what areas would you change?

4a. Were there areas of instruction you felt were incomplete?

26



b. If so, what were they?_

5a. Would you add anything to this special program?

b. If so, what?

27



APPENDIX C: MANAGEMENT TRAINING SCHEDULE
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MANAGEMENT SCHEDULE

Tr& in ing Days
Academics T 2 3 4 5 6F 7

Control Group 1,2 2
Experimental Groups 1

Simulator Sorties
Experimental Groups 1,2 3,4 5,6 7,8

Aircraft Sorties
Control Group 1 2
Experimental Groups 1 2

CONTROL GROUP

MONDAY TUESDAY" WEDNESDAY '

0900 Bldg 558 0600 Pilot 1 GAl Pilot 2 GA2
Conf Rm IP 1 IP 3

1000 GA Review Pilot 2 GAl Pilot 1 GA2
IP 2 IP 2

1100 Hospital

Flt Surg

1200 Lunch

1300 F-5 Brief
Bldg 42

IP 1 Capt Seymour Pilot 1 Hargarten
IP 2 Capt Hukee Pilot 2 Hamilton
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APPENDIX D,, SIMULATOR TRAINING SCHEDULE
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ASUPT GA1

NAME: DATE:

IP NAME: TIME:

FAMILIARIZATION/10 0 HIGH DRAG

INIT 005 1 Free flight - acro, trim checks
100 knots to 300 knots

Demo I Part task 10 deg

Reset 4 Part task 10 deg

Demo 1 Part task 10 deg

Reset 1 Part task - Record

1 Playback

Reset 2 Part task 10 deg

Demo 1 Full pattern 10 deg

Reset 6 Full pattern 10 deg (Repeat Demo once.)
(One Record/Playback.)
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ASUPT GA2

NAME: DATE:

IP NAME: TIME:

150 HIGH DRAG

INIT 093 1 Part task 10 deg

Continue 5 Full pattern 10 deg

10--

Dmo 1 Part task 15 deg

Reset 4 Part task 15 deg - .-.

Demo 1 Part task 15 deg

Reset 1 Part task - Record

I Playback

Reset 2 Part task 15 deg

Demo 1 Full pattern 15 deg

Reset 6 Full pattern 15 deg (Repeat Demo once.)
(One Record/Playback.)

I"nt 091 2 Full pattern 10 deg - -

Continue 2 Full pattern 15 deg
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ASUPT GA3

NAME: DATE:

IP NAME: TIME:

300 DIVE

INIT 091 2 Full pattern 10 deg

Continue 4 Full pattern 15 deg

Demo 1 Part task 30 deg

Reset 4 Part task 30 deg

Demo 1 Part task 30 deg

Reset 1 Part task - Record

1 Playback

Reset 2 Part task 30 deg

Demo 1 Full pattern 30 deg

6 Full pattern 30 deg (Repeat Demo once.)
(One Record/Playback.)

INIT 091 2 Full pattern 10 deg

Continue 2 Full pattern 15 deg

Continue 2 Full pattern 30 deg
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ASUPT GA4

NAME: DATE:

IP NAME: TIME:

WIND ADJUSTMENTS

INIT 091 2 Full pattern 10 deg

Continue 2 Full pattern 15 deg

Continue 4 Full pattern 30 deg

Demo 1 10 deg - 090/10

Reset 4 Full pattern 10 deg, 090/10

4 Full pattern 10 deg, 360/10

4 Full pattern 10 deg, 045/10

4 Full pattern, 10 deg. 04/10

3 Full pattern, 15 deg, 090/10

3 Full pattern, 30 deg, 090/10
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ASUPT GA5

NAME: DATE:

IP NAME: TIME:

WIND ADJUSTMENTS

INIT 091 2 Full pattern 10 deg 270/10

2 Full pattern 15 deg 270/10

10_ 2 Full pattern 30 deg 270/10
10

3 Full pattern 10 deg

-3 Full pattern 15 deg

3I- Full pattern 30 deg

INIT 093 Full pattern 10 deg 225/20

-2 Full pattern 15 deg 225/20

2 Full pattern 30 deg 225/20

INIT 091 2 Full pattern 10 deg 315/10

2 Full pattern 15 deg 315/10

2 Full pattern 30 deg 315/10
50
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ASUPT 6

NAME: DATE:

IP NAME: TIME:

WIND ADJUSTMENTS

INIT 091 3 16 deg no wind

3 30 deg no wind

INIT 091 3 10 deg 290/5

3 15 deg 290/5

3 30 deg 290/5

INIT 091 3 10 deg 110/15

3 15 deg 110/15

3 30 deg 110/15
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ASUPT 7

NAME: DATE:

IP NAME: TIME:

BOMBING FOR QUALIFICATION

TEST
INIT 091 1 10 deg (dry) 310/10

2 10 deg 310/10

1 15 deg (dry) 310/10

2 15 deg 310/10

1 30 deg (dry) 310/10

2 30 deg 310/10

Practice
INIT 091 3 10 deg 135/25

3 15 deg 135/25

3 30 deg 135/25

INIT 091 3 10 deg 045/5

3 15 deg 060/12

3 30 deg 090/15
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ASUPT 8

NAME: DATE.,

IP NAME: TIME:

BOMBING FOR QUALIFICATION

TEST
INIT 091 1 '10 deg (dry) 030/8

2 10 deg 030/8

1 15 deg (dry) 030/8

2 15 deg 030/8

1 30 deg (dry) 030/8

2 30 deg 030/8

15
Practice
INIT 091 3 10 deg 110/10

3 15 deg 110/10

3 30 deg 110/10

30
Test
INIT 091 1 10 deg (dry) 240/10

2 10 deg 240/10

1 15 deg (dry) 240/10

2 15 deg 240/10

1 30 deg (dry)240/10

2 30 deg 240/10
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APPENDIX E." ANALYSIS OF VARIANCE SOURCE TABLES
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Training Effects Analysts
Bomb Delivery Ciruolar Error

Source Table

Source df SS MS F-valus

Between-Subjects 23 112893 4908

B 2 33264 16632 4.39

error (b) 21 79629 3791

Within-Subjects 48 134314 2798

A 2 6537 3268 1.09

AB 4 1884 471 .16

error (w) 42 125892 2997

Total 71 247208

Training Effects Analysis
Flying Pe,,fomance Pating

Source Table

Source df SS MS F-value

Between-Subjects 17 593 34

B 2 141 70 2.36

error (b) 15 451 30

Within-Subjects 36 1125 31

A 2 54 27 .86

AB 4 132 33 1.06

error (w) 30 939 31

Total 53 1718
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Motion Effects Analysis
Bomb Delivery Circular Error

Source Table

Sowree df SS MS F-value

Between-,Sbj'cte 15 66277 14418

B 1 261 261 .06

error (b) 14 66016 4715

Within-Subjecta 32 73287 2290

A 2 5054 2527 1.05

AB 2 748 374 .16

error (w) 28 67485 2410

Total 47 139565

Motion Effects Analysis
F•ying Performance Rating

Source Table

Source df 38 MS F-value

Between-Subjects 11 401 36

B 1 1 1 .03

error (b) 10 400 40

Within-SubjecOt 24 716 29

A 2 45 22 ,74

AS 2 55 27 .89

error (w) 20 616 30

Total 35 1118
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Motion Effects Analys4^
Initial Bomb Delvery Circular Error

Source Table

Source df SS HS F-value

Between-Subjects 15 196744 13116

B 1 8342 8242 .61

error (b) 14 188502 13464

WithLn-Subjects 32 203345 6354

A 2 3159 1579 .23

AB 2 7443 3721 .54

error (w) 28 192742 6883

Total 47 400089

Motion Effects Analysis
Final Bomb Delivery Circular Error

Source Table

Source df SS ,MS F-value

Between-Subjects 15 43853 2923

B 1 .5 .5 .00

error (b) 14 43852 3132

Within-Subjects 32 58274 1821.

A 2 10594 5297 3.-2?

AB 2 2237 1118 .69

error (w) 28 45442 1622

Total 47 102127
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Student Ability Analysis
Initial Bomb DelLvery Circular Error

Source Table

Source df SS MS F-value

Between-Subjeots 15 187840 12522

B 1 7425 7425 .58

error (b) 14 1W0415 12806

Within-Subjeote 32 205345 6417

A 2 5817 2908 .44

AB 2 14111 7055 1.07

error (w) 28 185416 6622

Total 47 393185

Student Ability Analysis
Final Bomb Delivery Circular Error

Source Table

Source df SS MS F-value

Between-Subjects 15 43853 2923

B 1 8034 aC.1 3.14

error (b) 14 35818 2558

Within-Subject. 32 58274 1821

A 2 10594 5297 3.45

AB 2 4725 2362 1.54

error (w) 28 42954 1534

Total 47 3.02127
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Student Ability Analysis
Upper 1/2 Initial Versus Final Circular Error

Source Table

Source df SS MS F-value

Between-Subjects 15 56202 3746

B 1 27217 17217 13.15

error (b) 14 28984 2070

Within-Subjects 32 65163 2036

A 2 9206 4603 2.70

AB 2 8293 4146 2.44

error (w) 28 47664 1702

Total 47 121366

Student Ability Analysis
Lower 1/2 Initial Versus Final Circular Error

Source Table

Source df SS MS F-value

Between-Subjects 15 213336 14222

B 1 26086 26086 1.95,

error (b) 14 187249 13374

Withir,-Subjecte 32 198455 6201

A 2 2023 1011 .16

AB 2 15726 7863 1.22

error (w) 28 180706 6453

Total 47 411792
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Student Ability Analysis
Bomb Delivery Ciroular vror

Sour.e Table

Source df 88 F-value

Between-Sub jeets 15 58544 3902

B 1 2914 29-14 .73

error (b) 14 55630 3973

Within-Subjoects 32 78221 2444

A 2 5966 2983 1.39

AB 2 12138 6069 2.83

error (w) 28 6016 2147

Total 47 136765

Student Ability Analysis
Flying Performance Rating

Source Table

Source df SS MS F-value

Between-8ub jecte 11 401 36

B 1 43 4.3 1U

error (b) 10 353 35

Within-Subjeote 24 716 29

A 2 45 22 .83

AV 2 121 60 2.20

error (w) 20 5510 27

Total 35 1118
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