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PREFACE

This research and development effort was conducted by the Operations Training )ivision of the Air Force
Human Resources Laboratory, Air Force Systems Command, in coordination with Headquarters. Tactical Air
Command and was supported by the 355th Tactical Training Wing and the 333rd. 357th and 358th Tactical Fighter
Training Squadrons at Davis-Monthan Air Force Base, Arizona. The effort was performed to satisfy requirements
of Air Force Human Resources Laboratory Technical Planning Objective 3, Air Combat Tactics arid Training. Work
Unit 11231115, A-10 Combat Scenario Development and Evaluation, addressed a portion of this objective.
namely, improved mission survival in combat training. Mr. James F. Smith was the project scientist.

The author extends his appreciation to the members of the 355th Tactical Training Wing and the 333rd, 357th,
and 358th Tactical Fighter Training Squadrons for their interest and cooperation throughout this effort and in
particular to Maj John Roulston, Maj James Cizek, and Capt Charles Stenner, without whose assistance the work
could not have been completed. The author would also like to thank Mr. Richard Greatorex and Mr. Tien Fu Sun
of the Operations Training Division for their advice and assistance in analyzing the data.
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.OW AI.TITIDE SIMULATOR TRAINING: A-10 AIRCRAFT

i. INTRODUCTION

This report is organized in the following manner. This section (Introduction) reviews background material, describes

thi experinntal task selection process, provides a description of these tasks, and presents the objectives of the effort.
Sc.tion II describes the experimental training apparatus and presents the general approach used for studs. To facilitate
,operational scheduling and experimental design requirements, the effort was separated into two phases. Each phase is

reported as a separate unit. Phase I described in Section III, focuses on experimental issues concerning training of
elementary basic attack maneuvers (HAMs. Phase 11 deals exclusively with low level navigation (LLN) training issues
and is described in Section IV. Subjects, experimental training procedures, dependent measures, data analysis
procedures, and results are explained for each phase separately in their respective sections. Sectln V presents discussion
of the results obtained from both phases. Finally, conclusions and recommendations are presented in Section VI.

Background

Tactical requirements to fly low altitude operations in any terrain and in any geographical area have been difficult
Io ,atisk The A- 10 aircraft evaluation reports from Bentwaters AFB and Myrtle Beach AFB have shown that transition
training B-course graduates typically have a minimum 6-month orientation period tb-fore they arv considered ready to
11N i-ad on low altitude operations. Data from actual combat situations suggest that orientation to novel low altitude
environmeits may be a persistent problem for the first 10 sorties (Joss, 1978). The use of simulators for training low
altitude operations represents an attractive possibility as a means for reducing these lengthy orientation periods.

imnulator research and development involving low altitude operations has focused primarily on visual cu,

requirements. Current computer-generated imagery (CGI) capabilities preclude simulation of highly detailed low altitude
en% ironnients. Various coplanar and vertical pattern configurations have been evaluated in an attempt to optimize existing
C(,I capabilities. Revicws of this work can be found in Edwards, Pohlman, Buckland. and Stephens (1981) and Martin
and Rinalducci (in press). The use of existing CGI capabilities in the development of operational scenarios for training
low altitude procedures is an area of research not previously addressed. Whether simulator to aircraft transfer benefits
can be derived from such scenarios is an issue of major interest to operational program managers. The current effort
addressed this issue by examining the effectiveness of simulator scenarios developed to train elementary BAM and L.LN
tasks. The effort was conducted in conjunction with an ongoing A-10 Advanced Simulator for Pilot Training (ASPTI
conversion and surface attack training program designed for initial entry students transitioning to the A-10 aircraft. The
experiment was designed to have minimal impact on regular operations of the A-10 training program.

Experimental Tasks Selection

The s,-h-ction of experimental tasks was based on two requirements. First. the tasks had to be normally trained
in the aircraft at low to medium altitudes. The rationale supporting this requirement was the research need to address
transfer effectiveness issues of tactical low altitude training in the simulator. Second. to properly evaluate the training
-ffectiveness of the ASI5T while minimizing scheduling conflicts with regular squadron operations. it was necessary to
select tasks which were initially practiced in the aircraft shortly after scheduled ASPT sessions. Elementar BAM and
I.N task., fulfilled these requirements. Both tasks offered operations in the low to medium altitude regime and both

tasks were initially trained in the A-I 0 aircraft shortly after the scheduled ASI'I' training sessions.

Fxperimental Tasks Description

I<i'lrient(r) 1f4 1. Elementarv BAMs are the building blocks used in practically all surface attack maneuvers.
i-mivitar,, BAMs consist of 'X/1800 low altitude turns, 30' and 200 dive, roll-in and recern r-lRRI tasks, and target

tracking exrciscs. The purlpose (if elementary BAMs is to familiarize the student pilot with the use of the head-up display



I I I) and pro,.ide experience in surface attack procedures. Specifically, A)'/180 ° turns are designed to train the pilot
it, execute a turn at a prescribed angle of attack (AOA), to maintain a prescri.d ultitude, to roll out approximately the
prescribed number of degrees from the initial heading, and to maintain situation awaren-ss. The 20 and 30 DRR tasks
are designed to acquaint the pilot with techniques required for surface attack mancu 'rs. Additionally, the pilot is taught
to establish a cross check of HUD data to include dive angle, airspeed, and altitudc. Target tracking is required for
gun employment. The objective of this exercise is to track the gun cross up to a target, hold it there momentarily, and
be aware of parameters displayed in the HUD.

LLN. The objective of the LLN training mission is to develop the basic skills necessary to perform tactical navigation.
Each LLN mission involves the review and execution of a predetermined navigation exercise to a target or practice area.
The LN route consists of a number of sections or legs. The student is provided topographic maps of each leg with
headings, times, and distances clearly indicated. The LLN training mission is designed to instruct the student in the
fundamentals of low level operations and dead reckoning navigation. Low-level fundamentals include route study, route
timing, route entry, flight formation, radio procedures, navigation error analysis, and aircraft control techniques. Dead
reckoning consists of flying from one point to another relying solely on time, speed, and direction. To successfully master
dead-reckoning procedures, the pilot must be proficient at map reading, identifying visual checkpoint features, and
determining the effect wind has on the aircraft ground track. LI.N training given to the A-1O B-course pilot focuses on
those aspects of the mission peculiar to the A-10 weapon system. After completion of this training, the pilot is taught
more advanced operations involving low altitude tactical navigation and low altitude tactical formation.

Objectives

There were two primary objectives of this effort: (a) to evaluate the effective-ness of ASPT scenarios to train
elementary BAMs, and (bI to evaluate the effectiveness of ASPT scenarios to train 1LN. A transfer-of-training paradigm
was used to address these objectives. Training effectiveness was operationally evaluated b examining trends in simulator
performance data and by examining differences between experimental and control group performances on tasks performed
in the aircraft.

A secondary objective to the experiment was to evaluate the sensitivity of the aircraft analysis variables in the
detection of performance differences between experimental and control groups. IP evaluations were the only metrics
available for assessing HAM and [I.N student aircraft performances. Objective measures, such as bomb scores, were
not obtainable by the very nature of these tasks. All aircraft performance analysis variables used in this effort were,
therefore, ba. ed on IP evaluation data. The sensitivity of IP evaluations to betwecn group performance variations has
been shown to be much less than the sensitivity of more objective measures of performance for weapons delivery tasks
(Gray & Fuller. 1977). Since this was seen as a potential problem, post hoc cvaluatiois of statistical power were used

to operationally evaluate the sensitivity of aircraft performance variables used in the analses.

I1. GENERAl. APPROACH

The apparatus and methodology descriptions presented in this section arc geneiic to both BAM and LLN phases.
The methodology concerns that are specific to the individual phases are presented ini their respective sections.

Training Apparatus

The A-10 ASPT' was used in this experiment to train experimental group subtects RAM and L.L.N exercises. A
complete description of the A-I0 ASPT system can be found in (;ray. (:hun. A arner, and Fuhanks (1981) and a summary
of recent modifications is included in Brooks and Lyon tin press). The g-smat and g-suit force cueing systems on the
ASPT were used in this effort; however, the ASP'" platform motion system was not. The g-suit used in the experiment
was the standard g-suit used in the A-10 aircraft. Inflation/deflation of the suit was computer controlled and simulated
the suit pressures present during actual aircraft maneuvers. The visual system on the ASPT consisted of seven 36-inch
monoc.hromatic cathode ray tubes (CRTs) placed around the cockpit to allow the pilot + 110* to -40* vertical cueing

6



aIr - 150' horizontal cteing. 11AM and ILLN visual environnients were developed applying experience, research
birliigs ati rit-riies rt'ireviois ASV!' C(;l development efforts.

Mlethod

i.. pait of thie rtegular training syllabus, A.-10 B-course stuident pilots received two training sessionis in the ASP'!'.
I Ie t-Iirst t-ssioin. consistinig of two I.5z-hour sorties, was used t o train conversion tasks, suiface at tack maneuvers were
tItIrl vdiI I the Second session, which consisted of three 1.5-hour sorties. A ppendix A coritains the A -10 ASK'! syllabi
used ait the time of this experiment. The two training sessions were scheduled approximately 3 weeks apart. During this
3-week period, students received conversion phase training in the aircraft, along with scheduled academics. Students
typicall~ ti few their first BAM aircraft sortie within I week following ASKT conversion training. It took approximatel '
ID day' s for all students within a class to complete the three required BAM aircraft sorties. Two aircraft sorties containing
LLN exercises were scheduled within I week following ASK'! surface attack training. The delay between training in the
ASKT aiid the first of the two LLN aircraft sorties was typically 3 to 4 days. The separation of BAM and LLN operations
inito two phases allowed independent group assignment and data analysis procedures. This design had minimal impact
onf training operations and was acceptable to operational training personnel. Briefings for both BAM and LLN ASP'K
sorties were delivered by A-I0 INs. The same three A-10 INs alternated briefing and instructing students on rest-arch
sorties throughout the effort. On each sortie, students received conventional instruction and feedback from the (P. Except
for the students themselves and the research INs, student group assignments were unknown to squadron personnel.

Ill. PHASE [-RAM

Sttbjects

The subjects were Q2 A-1I0 B-course student pilots assigned to the 355th Tactical T'raining Wing. Davis-Monthan
A FB. served as subjects. All subjects were recient Vindergraduate Pilot Training (L PfT1 graduates and had c-ompleted
igbttr lead-in trai ning, hut had nut been qualified in any other operational ai rcraft. As part of the normal syllabus, each

-object was a participant in the A- 10 ASP'! training program. For study purposes. these student pilots were randomly
a-sigiied ito either an experimental or a control group; 22 were assigned to the experimental group, and the remaining
20 serv --d as c ontrols.

Expt rine ntal Training

L pon comptletion tif .ASKP conversion training. texperimen-ttal grouip oubjects rtcr'i~ et a briclinrg that co~ ered the
% soal t n% i ron nient - task reqti i renientts, and procedures for t hi B AM ex peri mental sort it. A fter tfui briefin1g. su bjets

flew thi- I - our I1AM soie t onf the ASK'! with an A-) 101P provid inrg i nstrut'tion from the main console. The sortit % as
rde~eloptil with the- help of Ils from the A- 10 operational traiintletvtelopnieiit section at lDavis-Monthan AFB. The sortit-
laegaln with a takeoff followed by a 5-minute area orientation petritod. Subjects then pterformed each task a set number
of trials. A dt-tai led syllabus of the B AM sortie is provided in Table I1. Due to the iralt uri of the tasks beinrg trained,
thle ixpe-rimnital sortie was flown if) d continuouts fashion; ait nto tine during tilt traininig pteriod were tire simulator freeze
ir rest ftinctimns iist-t All ctontrorl group subjects received a I -horur ASKP'! contrri" stortie following ASP'K conversion
rin0ing to equtate tIli- grioups with respect tot total timnit iii thi- si mulator. The cimntrotl ortit- was simpl% a I - hour re-peat
oftlit last stirtit- flowni uiuring ASff1conversion training (Appendix Ai.

Lb



'adle 1. Detailed ASPT BAM Syllabus

I a Takeoff; Climb; Level off(a 00'X)Jee A(,I. 1wx:21XX)/3

lb Area Orientation (5 minttes)
2a 90°/180°Turns (17.5 units AOA - O1313I repetitions
2b 90°/180° Turns j21.5 units AOA) - (31J3R repetitions

3 300 Dive, Roll-In and Recovery (7 repetitions)
4 200 )ive, Roll-In and Recovery (7 repetitionsI
5 Target Tracking (5 repetitions)

The cornputer-generated visual environment used for AStf" BAM training during phase I was an area approximately

') miles by 9 miles (Figure 1). In this area were placed several mountain ranges, ranging in height from 3500 feet to

5500 feet abonve ground level (AGlE). with scattered 2(0O-foot-AGl. pinnacles. These mountains surrounded a gaming

area approximately 3 miles by 3 miles in size. Within this gaming area were SO-foot inverted, trahedrons used to provide

vertical development cues at low atitudes. These cues covered the entire gaming area with 1000-foot separation. All

BAM tasks were practiced within this gaming area. For the target tracking task, one of several tank-shaped targets in

the area was made twice its normal size and placed upon a 10-foot-square white background. This was done to guarantee

ease in lwating the correct target. None of the other targets located in the area had any special purpose in this sortie.

A ninwav that was inserted into the environment at the beginning of the sortie was used for takeoffs. After the simulator

indicated airborne at 2000 feet AGI., the visibility of the gaming area was reduced to 3, miles. and the runway was

rcniim ed. At (,AX) feet AGL., unlimited visibility was restored o, er the gaming area, and the exercise began.

A~

-7-

/\ (I \ '

S/ N

\ tA'OUNTA'rl , ) , .

./ - GAANI -- N- 4

/ -

Fi#r,"I. aprepreientatiun of the ASPT AMvisual environment."



D 4jependenit Meairurtr'

.1,147i J'rfrinre W~easurrerneflI. lBt4 M sirriolatiir prrriranre udata %ere iillected ,it all experimenrtal subjects

iig Lit-ii rnilartors aritonirterl periorirance trcaso renrent systen W MS). A dlescri ptio (it the ANIautomnated PMS

Irt e f ind ini Gi ray et alI. I 1981. The rrreasures col lected for each HiBAM task. along with the start/stop Iparanieters

iil oieiiedt uilrio iirs are listed iiil'alli'2.

Tule 2. ASPI' BAM Perfo~rmance Meainureis

Scorng Loic
Training Excer.w Start Stop P.'rfrrrmance.Mrapurr*

')0 / I 8( fO in ri A US Bank A US Bank H MS dtci. at ioit tronj thi red A( )A

i -%=17,38-21.3) GT 200 IT11,3
A titude St 5M) jeer U MS uleviatioris fran desired Altitude

30' an~d 20' 1) R 30 evenit: R MS deviations, fromn desired
ABS Hank N ertical IDire Angle on Vinal

1 '1, 10': t choi v RIMS G-loading on Final

[five Angle (;, o P'itkle- Paramneters (captured (ai

(;T 20' 25WX feet AGI. for 300 and
20' ven~rt: I HWM fet AGd. for 20'):
A US Bank NVertical Bank Angle

1 :110: % elocitv Dii.e Angiv
D)ii Aigle GT 0 Knrots I odimater A i rsieed
(;T 15' ( loading

la rge t 'lrki itkig Within 18(X fet Altitude H-it/Miss on target (captured
offarget: I3 1lUX) eet between 16WM feet & 1400 feet AGLI
Heading Between AGI RIS mniss dlistanrce front target feet

+ 100 & - I 54
0

. (be-tA evo I ONX) feet & 1400 feet AGI.)
A US Bank
LT1 20'

.4in rca/i 'ertOrrniruw Mleaisurenr',. S-'tudrvnt perfonriatrce ti thIe m ncralt % as ci.a) oatv sinmirg data ob tai nedl fronto

stuorent mniss inn gradesheets arid HANM perforirranre iust ii riis rdeveIo pedl f irtIlia eff,i (Appendix B. Table B1-1),

Flighrt It's crmpleted studenir t grarnsliects and 1icrfurirrar ice quest ionrnairies atl the idebriefi ng of ra(Ii flight. BothI

rneasri riert i ristruicteits used a .5-po'nt ratinig sc ale. This rat inrg scale was the standrardl 0 toi 4 srcale used with in T AC

for esaunat iigsturilirt perfuirriuuies: 0 ratings id icated lack of alil ity rrnow ledge: I ratinrgs inodirate safe liut li mitedl

prrificrierrrv : 2 rat inrgs indrlirated perforinance was essentiall coirrrect with errr rs irhintified ani coirrectedl; 3 ratinrgs

iii fiate p irfrnriarrii was corrrect . effircient. skillful and w ithourt hesitation; and rat inrgs of I reflecterd per-forrance oif

an ir nrimalI hi ghl degree rif abrility. Rat inrg c riteria for i niid ual tasks wire specifireI i rOli A -1 Fl Highit I ljeci es

P'airphlet. All B-morrv icinversioin phlase srrtiers were fliwnit s twir-slili fights ionioiiisI (it Will strident with rifle 11'.

Iic :o it)re iiratioinal yi-tiroroient and non- iterfirernce statris oif t he effuort, IRPstrdentl iussigrrmrrts coiulid ni t bei

'extri merit all conroil led. Ass i gnirrrrt .4 were rusual l~v bIviaen i I I' av ailahi I i ty ann si rient proiigress.

Thei t oirhvnl t ori-siri graridshl wire rused to assigo ar rierul Ini raing tio ritch tarsk piufrfi ne 1 on at flight. The A- 10

R-crirrsi- svllalris couiinied three soirt ies on whrich 1HAM tarsks were practicedl. I radvislt ratirngs assigned1 toi HAM tasks

prfriniil ott these sorties were recrdedlri for later analysis. lnirivrial relretitmins imta wire ribtainedi rising the B AM

vrrirrmo r qitfioiiirir. Ilirs queistioninraire was designedl tii riltairi ineirtsurcs similar it) tlrron obltainred fromn the AS1VT

atintiINPS. I suing the rlioestiiiiriairv. If'% proivirded oiveraull rartinig, ion eirh B,%M task relpetitionir perfiurnied. In



alition, iaxinurn altitode deviations from desiretd altitude were recalled for 'ach 17.5 and 21.5 unit AOA turn
iterforrmd. fPs also assigned AOA control ratings to each turn repetition. For 200 and 30' DRIR tasks, fPs recalled
deviations in airslpeed and dive angle from desired parameters at pickle altitude for each repetition. Not all BAM tasks
were pvrfinted on each (if tie three AM aircrat srtics. Table : lists the tasks that were practicd during each flight.

Table3. Distribution of BAM Tasks

TASK
Sortie Turns 20 ° DRR 30' DRR TwletTrsekiLf

(tV-4 Yes No Yes Yes
(-5 Yes Yes No No
(V-6 Yes Yes Yes No

Squadron instructor pilots (IPs) we'e briefed on the purpose and requirements of Phase I of the program.
Additionally. a letter outlining the data collection requirements was circulated among the participating squadrons prior
to each data collection period. During these periods, a researcher was on site to administer questionnaires, collect
Completed data collection materials, and answer questions pertaining to the effort. Despite these efforts, aircraft
performance data for two experimental subjects were removed from final analysis due to IP misunderstandings of data
requirements. No problems were encountered with the aircraft performance data collected for the 20 control subjects
and all of these subjects were used in the final analyses.

Data Analysis Procedures

Simulator performance data analyses focused on identifying and describing significant changes in performance as
a function of training. Single factor with repeated measures (A x S) Analysis of Variance tAN()VAI procedures (Keppel.
19731 were used to analyze all intratrial RMS deviation data obtained for each task. The same ANOVA procedures were
used to analyze transformed values of release altitude parameters for 20 and 30 ° (DRR) exercises. Post hoe comparisons
on trial means were made using linear trend analyses procedures (Keppel, 1973) for variables whose ANOVAs were
found to be significant at the p < .05 level.

Aircraft performance data analyses examined between group differences anid identified those variables most
sensitive to group performance variations. Aircraft performance data obtained from BAM performance questionnaire and
student mission gradesheets were sorted into individual analysis variables for statistical examination. Selection of
analysis variables for the various tasks was based on a requirement to achieve compatibility with the simulator
performance analysis variables. In addition, it was desirable that these aircraft performance variables be similar to those
outlined in test plans for the test and evaluation of future Tactical Air Command (TAC) weapon system trainers. Single
factor A NOVA procedures (Keppel, 1973) were used to test between group differences of each analysis variable. Because
the t, c of parametric procedures to analyze subjective evaluations might be debated, analysis variables were also tested
using the ion-parametric Mann-Whitney U-statistic (Siegel, 1956). Finally, post hoe determinations of statistical power
iKeppel. 1973) were computed for each variable to assess the sensitivity of the measures to group performance variations.

Phase I Results

Results of the analyses of simulator and aircraft performance data are presented separately, with simulator data
analyse. reported first.

t
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ANPT Trend A4nalyses

I7.5 andc 2b..; I ,ccf A04 Tcirn.i. Two mreasures of training perlOrmacc were derived from the data for both 17.5
atid 21 L.ci t ).A I turn,,; thus~. a total ol four measures were extracted. F'or each event, the two measures were intratrial
101M; At)A divli". ca nd Sol iralrial HVMS altitude deviation.

Poset hoc examcination if the data revealed thlat thre startlstop logic used] to determine data collection "window" periods
hcad bi csc'c the Ac IA viat ion calculat ions toward higher H MS valu es. At roll - c and roll-out, when AOA is typicallIy
im Ice ci the drie~red taloe. A0)A deviations were erroneouslyv collected for a ir u ndetermn ed nurnhcr of iteration s and
ii orp orate ci inictnatrial RIS s alt-tilat ions I reviewr scoring logic icc Table 2). The effect this ha~d on resulting At)A K MS

iii,. ijticil t~alucs was nlot consistent; therefore, these cdata were niot analyzed. To the ( tecit that the most critical periods
toc ccntrol aIt it ude' (hiring a torn are at roll-in and] nilI-on t, the( window logic was deemed appropriate for examncin rg altitude
control, Thce analyses of the training perforniances for 17.5 and 21.5 unit AOA turns was therefore restricted to intratrial
R Nis altitude dcv I at ion data.

A5NON As were c'omputed on intratrial RMS altitude cle'iatioc data for the 17.5 and 21.5S unit AOA turn events.'
Re'sults For the- 17.5 unit AOA event were significant (F.~ 1w, 2.22; p <.05). Linear trend comparisons on trial means
also produced significant results )Fc.2ot,, 9. 1; p < .001); all other orthogonal trend components were ot significant.

These results, combined with an examination of trial means (Appendix B, Table B-I)l, show a linear decrease in altitude
deviation as a functiocn of trials.

The A~NON A coniputed for 21.5 AOA turns data was not significant. Examination of Appendix C, Table C- I shows
less than a 00-f not range among trial mean deviations. Additionally, trial means fall far below those initially obtained
for the 17.5 AOA evcnt even though the 21.5 AOA event is c'onsidered by pilots to be more demanding. The 21.5 AGA
event was t ra ined'c imiicdi ately follccwing the 17.5 AOA (event; therefore carry-over effects may' he partly responsible for
the inabilitN tic dcemonstrate improved pierformances as a function of trials.

30 DRR. Two scets of variables were extracted from data for the 30' 1)111 exercise. Thre first set consisted of RMS
dive angle di". iction and RMS g values computed for "on-final" parameters. On-final for a l)RR task was defined as
the' period from rolI-icutlwings-level to when the aircraft achieves weapons release altitude. The second set of variables
Conisistedl of release altituide (pickle) values of dive angle, airspeed, g, and banik angle transformed to estimated bombing
impact erroir distances. These transformations ignored pipper placement error because specific pipper placement was
riot a task reqiuircement. In addition, the trarcisformatimns were based on the trajectory of a low drag bomb.

A N0N*As were '(impucted for both oif the on-final paramceter values from the first sc't of '.ariables. Results for dive
angle dc'viaticcn valores shoiweid significant differences across trials (F, 97 = 2.26. p < .051. The linear component of
the' trendl comparisons computed for trials was significant tFicj,, I= 9. 11; p < .001); all other orthogonal trc'nd
ciimponc'nts were not signcificant. These results combined with ar uXaMinatiuin of trial means (Appendix C. Table C-1I
show signiicarit decreases in HVMS dive angle erriira a function of trials. The results of the A NOV A computed for on-final
RMS g valuecs we're' riot significant. The RMS g vahlu' trial means (Appendix C, Table (.,1I) showed fairly good control
ocf gover all trials. Thus, littie improve'mc'nt could bt' expected.

Pcickle. parainitcr %alicis wc'rc' transformed tic c'quiv.ale'nt miss distane's. tin fc'et, tci enablc' arithmetical c'ompultationis
anod cciriparisiccis amocng the' four variables, In dive' bomb c'xerc'ises. errcr-, can cancel cach othe'r. thus mninimizing overall
bombchincg e'rror. For ttc' D)R tasks. howc'ver. the obijective' was riot tip comncsate but tic minimize all parameter errors.
Ndlsicliti. %alucs cof the' trancsfocrmationrs were therefore cused in deriving anal 'ysis variable's. ANOV'As were computed for

tranisfrmed'c valuecs oii ach paramc'ter with adlditiconal ANOX As cocmputi'd ccc twio ecmbircat ions oif the transformed values.
Thc' first icimbincationi was a sumrcmatior ofl dive angle, airspeed, and g erroir transformnations to)cibtain a total longitudinal

derascralue.st l'hc S'cond c'ombiniation was a sucmmatio oifcdive angle, arsp'c'd. g. an akanl ro

It'Die t,, tnimming, lcsericiriicri. tritils It and 12 were deleted from the aiinclseci ,f 17.5 snd 21.5 At)A clata. Reimaining missing
1,,ier ii~l Ithis ami tolliwicig arnia)'.-i' were cacliculate'd tising the- prtdrciccir dic'rilbed tit Kirk t 96i$, p, 1W

M6;



d*tati at t i aits (F., 1.83, 1 ) .I AM and total system deviation vaii es Ft, - 5.6; p < .001). Trend

olit iprisotis of the transfOrmed values tor each of these variables produced significant linear component results for trials;

no other orthogonal trend compolent was found to be significant. The F values and probability levels of the linear

olrnponent in the trend analyses are- as follows: dive angle deviation F . 15.1 p < .01 ); airspeed deviations (F,.,, 1

= 13.0: 1 -
.-_ .1: sunmed longitudinal deviatiou values (F .17.5 = 27.9; p) < .AM ); and total pickle deviation values

(F I 7 ,. 19.2: p < .001 1. These results combined with an examination of the trial means data (Appendix C. Table

C- I show decreases in error transformation values as a function of trials for dive angle, airspeed. longitudinal, and total

pickle paraneter de jations.

The results of the ANOVAs for g and bank angle transformed valnes were not significant. Examination of tt

transformed g mean values in Appendix C. Table C-I shows results similar to those obtained from analysis of the 30 °

DRR on-final g data. Transformed mean values for g were small and remained consistent over the training period.

Examination .f bank angle transformed mcan values in Appendix C-I also shows little impro,,enent over training. Doring

the course of this effort, there existed a slight left to right drift on the AS|Xl visual system which might have influenced

the bank angle deviation tesuts. The extent to which this drift prohlem confounded the data, however, was unknown.

2(f DRR. The same- two variable sets derived from the 30' DRR data were used to examine 20' DRR performances.

Similar ANOVAs were computed for both sets of variables. The only significant finding was for transformed values of

pickle bank angle data from variable set two IF6, I7 I -  2.25; p < .051. Trend analysis of these data revealed a non-
significant linear component. but did show a significant quadratic component (Fl. ,-, = .09: p < .0251. The trial means

of the transformed bank angle pickle values are presented in Appendix C. Table C-I. These results are not consistent

with perfomniance trends usually obtained for training tasks of this nature. It is possible that the visual drift problem.
identified earlier, may have influenced training performances enough to produce these findings,

T,.. possible explanations exist for the overall inability to detect performance improvements during the course of
training the 20' )RR task. First. since the task was trained immediately following the 30' DRR task, carry-over effects
may be responsible. Although parameter deviations for 200 bombing events have greater effect on bombing impact error
than they do for 300 bombing events, the 200 DRR task was highly similar and mechanically was no more difficult to
perform than the 300 DRR task. Comparison between the on-final parameter trial means for the two tasks (Appendix
C. Table C-i) shows initial deviation values for the 200 DRR task are below those initially obtained for the 300 DRR
task: thus, this explanation seems ilasible. An alternative explanation concerns the amount of training devoted to this
task. Given the operational constraints imposed upon this effort, simulator training time had to be minimized. Perhaps
additional training in the simulator would have resulted in task performance improvements that were more observable.

Target Tracking. Two analysis variables were derived to examine training perforncatIes for the target tracking
exercise. Both concentrated on pipper placement error as the pilot passed through firing altitude. The first variable
consisted of intratrial RMS aiming error in feet. Aiming error data used to compute these values were collected during
the period that the pilot passed through a 1600-foot to 140-foot AGL firing altitude window. Aiming error was defined

as the distance between the target and actual pipper placement. The second variable was derived from a hit/miss register
of pipper placement accura( %. A hit was obtained for a given trial whenever the pipper passed through the target during
the firing altitude window period.

The HMS aiming error was analkzed using the same ANOVA procedure. Results of this test were not significant
for trials. RMS aiming error trial means are presented in Appendix C. Table C-I. Performance variations across trials
for the hit/miss measures were tested using the nonparametric Cochran Q statistic (Siegel. 1956L2 Results of this test
were significant IQ = 13.55; df = 4: p < .01 ). Percentages of actual hit versus miss data are presented by trial in
Appendix C. Table C-2. These data show that the significance of the Cochran Q statistic was due to improved
performances as a funetion of trials.

2 I perfoirmtig this lest. missing i|beratioins were countet as misses- Trial 4 itiined .it i sit, h inl isitig lisenationi, atid trial

,.,,ritilitied three. Thi. w as de"enedl the mot conservat ive approah i handling the rn sio, in .hIsr, ation proiblem.
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One possible explanation for the disorepAnc-. between these test results is that, once the subject placed the aiming
pipper on the target at proper altitude, there was no real attempt to hold it there throughout the entire firing altitude

ieritd. In other w.rds. the subjecls, while still within the firing altitude window, may have pulled off target after achieving
what they iconsidered a hit. This would explain tie increase in the number of hits, with no apparent improvement in
RMS aiming errors as a function of trials.

Aircraft Performance Group Comparisons

17.5 & 21.5 Unit AOA Turns. Student mission gradesheets did not differentiate between 17.5 and 21.5 unit AOA
tunts: therefore, separate analyses of gradesheet ratings for the two events were not possible. RAM student performance
questionnaires did differentiate between the two events and separate analysis variables for each event were analyzed
(see Appendix C, Table C-3). Better experimental group performance means were obtained for 27 of the 31 analysis
% ariables. Results indicated none of the differences obtained for the four variables showing poorer experimental group
performaices were significant (p > .05). Of the 27 analysis variables whose group means indicated better experimental
group performances, two resulted in significant findings. These were (a) V , - Mean AOA control ratings over CV-5
repetitions for 17.5 AOA turns (F1 .38 = 13.68: p < .001; U2 0 .20 = 298; p < .01 (two-tailedi); and (b) V21 - Mean
AOA control ratings over CV-5 repetitions for 21.5 AOA turns (FI.38 = 5.25; p < .02: UL2.2o = 271; p < .05 (two-
tailed). Power estimates for each of the analysis variables are presented in Appendix C, Table C-3. Aside from the two
variables associated with significant ANOVA results and the four variables with negative group mean differences, power
estimates ranged from Oto.24.

30' DRR. Twelve analysis variables were derived from the 30' DRR data (see Appendix C. Table C-4). Group mean
differences for 10 of the analysis variables showed better experimental group performances relative to the control group.
ANOVA results of the two variables showing poorer experimental group performances aere not significant (p > .05).
Of the 10 other analysis variables whose group means indicated better experimental group performances, one resulted
in significant findings. This analysis variable was V2 - number of repetitions to proficiency (Fi,:m = 5.07; p < .03:
1.2021 = 136; p < .07 (two-tailed)). Power estimates for the analysis variables showing better experimental group
performances, but which resulted in nonsignificant ANOVAs, ranged from 0 to.21.

20' DRR. Twelve analysis variables, similar to those derived from the 30 DRR data. were derived from the 20
DRR data (see Appendix C. Table C-51. Group mean differences for eight of the analysis variables showed better
experimental group performances relative to the control group. One analysis variable showed no difference between
groups IV., - number of repetitions to proficiency). ANOVA results for the three variables which showed better control
group perforima nce were not significant q) > .05). Test results of all other 20' DRR variables finund one to be significant.
This finding came from anal'sis of variable V,, - mean of the overall repetitions ratings on (A -5 repetitions iFl1. =
4.29: p < .04: L 2o.2,, = 269; 1 < .A): (two-tailed)). Power estimate- for those non-significant differences showing better
experimental group performances ranged from 0 to .24.

Target Trarking. Five analysis variables were derived front the aircraft target tracking training data (.set Appendix
Table (:-61. Group mean differences for all variables showed better experimental group performances relative to the

contriol group. Although nione of the variables produced significant A NOVA results at the p = .05 level, two approached
significance. One of these two variables produced significant Mann-Whitnev IU results. These two variables were )al N.4
- %lean of the Overall Repetition Ratings iFl. to 3.13: p < .(): L2o.2 = 260; p, < . 10 (two-tailedll; and (bi N.

- Gradeslip Ratings (F l.t = 3.3; It < .08: L'20.2o = 206; p < .03 (two-tailed)l. Power estimates over all variables
ranged from O to 32.

The evidence fir training transfer of the target tracking task seems stronger than that obtained for the three previous
exercises. With the number of analyses conducted for each of the experimental tasks, however, conclusions should be
based on trends in the results rather than or. individual findings of a few analyses which reach significant levels of
probability. This issue is presented in greater detail in the discussion section.

- - -
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IV. PHASE II - II.N

Subjects

Thcv ol'ject. for Phase II were 36 A-10 B-course studeiit pilots assigned to the 355th Ta('tical Training ,'ing, I)avis-
Monthan A FI. All stldents had participated as either an experimental or a control group subject in Phase I of this effort.

Iall subljet wa, a participant in the A-10 ASPT surface attack phase training program. Student pilits from Phase I
,.,itrol and expelrinenital groups were assigned to one of two groups. Although squadron scheduling conflicts prohibited
the use of strict counterbalancing procedures, each Phase I1 group was composed of an approximately equal number
of subjects fnm each of the two Phase I groups. Sample size differences resulted due to the scheduling conflicts and

Asir" timc constraints. Fifteen subjects were assigned to the Phase 1i experimental group. The remaining 21 subjects
served as controls. Time constraints also prohibited a control sortie being given to control group subjects as was done
in Phase I.

Experimental Training

L.LN simulator profiles were developed with the help of IPs from the A-1O operational training development section
at Davis-Mnithan AFB. Upon completion of ASP' surface attack training, experimental group subjects received a LLN
briefing which covered the visual environment, task requirements, maps of the LLN routes, and procedures for the
experimental sortie. After receiving this briefing, subjects flew two LLN routes on the ASP with an A-IO IP providing
instruction from the main console.

limitations in the image generation capabilities of the ASPT prohibited development of a highly detailed visual
environment. in addition, development of a visual environment which simulated the actual routes used for training in

the aircraft was prohibited due to time and resource constraints. The LLN simulator profiles therefore emphasized
procedural training of tasks relevant to LLN operations. The visual environment used in these profiles was selected on
the basis of area size and visual cue requirements of the L.LN exercise. The visual environment selected was an accurately
scaled representation of the Fulda, West Germany area. The main area of use was approximately 150 miles X 150 miles.
Actual maps of the Fulda, West Germany. area were used to place mountains, roads, towns, and other major landmarks

throughout the simulated environment. Elevations deviated from those indicated on the real maps of the area. but
distances between landmarks were to scale. The ground level was IOW0 feet above mean sea level (MSIA throughout
the simulated environment except for mountain terrain areas.

A highly detailed runwav was developed at Fulda antd used as home base. Two route entry points were positioned

close to this homte base-. From eath i-ntri, ioint, low level corridors were constnicted txtcnding into the target area. One
of these icorridor, irnsisted of threci legs; the other corridor consisted of four legs. Routes I and 2 were mirror images
of each other; i.-.. ingress legs for route I served as egress legs for route 2 and vice versa. The average length of each
leg %as about 25 miles. Numerous trees. buildings. grain silos, arid towns were used for low altitude visual cues within
the low Ivel corridors. The densit'. of these cues was satisfactory for sustained flight at or above 300 feet AGI.. The
%isual ree w,-ri- scattered within 2 miles either side of the cetterline of each leg, giving the corridors a width of
apptr,,xiniat-,.I ? % mils. Towns, fatories, road intersections, towers, and mountains were used as checkpoints.
Ri-pr-sntationrr of taiiks wi-r- tisied as targets in Ihic target area. The total flying distance from home base to the target
area was atbout I 10 miles on either rnorridor.

Silrd-nts navigat,-d the rote using tonpographic maps d-tailing the CGI environment displayed on the ASP visual

s, inem. The niaps were color copir reprodctins of photographic maps detailing the low level corridors. The
photgraphic maps w,'ri devehoped from an original artwork mapping all landmarks generated within the environment.

are %as taken to oiain crorrtt coliriog and scaling tf ihe final map reproductions. The maps were bound together
i,, f,,rit c.parati" Iot, Ivel niap Isitokhets of eacih route with parameter information displayed in a format identical to what

j- ii- t' m , irtraft I.I N ,rp, ratimiis.
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Each (iLri' bt-gana Willi a takeoiff frrom the- Fulda airport. The student %as '.ectored to the LLN route entry p>oint
that marked the beginniing of the irav igation exercise. The student flew the low level route to the target area, where strafe.
t,.,.k. wi-re pt-rforored t.iilg taiik, a., targets. Uponl completion (of thie strafe Iaskh, (lie student flew to the egress entry

point adt fotllowed alot% letel root.' back it) Fulda, The only real differences between the twot routes were the leg headings
Iltwit to laid'igalt. thIe ri tntt' anit the st rai apipro aches 1rerforrrred ii the target area ion route 1. sobjects% performned
cionventional apitroachtes to strafe; ion route 2. subjects pe'~rtfed liyil) dftprotathei'. D~etailed syllabi of the two sorties

arvpro, ied n Tblvt.Table 
4. Detailed LLN ASPT Syilabus

Route 1

I. Taketoff; Climrb; Level tffU (a6XX) feet AGL OWX: 27.(0)fect; Winds. 25 knots gusting to 30 knots@( 360O)

2. V ei ttr to Check point A
31. I.I.N Ingress: (Altlide -. WX)feet AGL. Airspeed -300 knotsl

a. (AteckpcotritA: Intersectioii of Three Roads (Heading -0910

1). Checkpoiiit B: Railro~ad Depot(IHeadinig-1.51 O

c. Clicckpxint C: Town W Heading -039)

d. (:iteckpoint i): Faictors; Target Idenitific-ation Point

V. [Iong Range Strafe (Conventional -3 repetitions)
5. Two Target Strafe (Coriventional -3 repetitiotns)
1). I.1N Egress: I Altitude -500 feet AGI.; Airspwed -300 knotsI

a. (:it~kpt in): Factory Heading -2240)

It. CheckpointE1: Town W (Heading -274

c. Cheekpoint F: Town X (Headinig- 22201
d. Checkpoint 17: Town Y (Heading-3110 )
c. Chec(kpo~iitH: lownZ

7. Return to Fiilda AAM

Route 2

1 (aeof Climt: IAi-% el off (a (t(XX) feet A(;l. ('%'X: 27.000O feet. Winds; 25 knot., gusting to31) knots 0-1 3600't
2. % ector ttt( Lhiekpoiit A
3. 1.1N I ogress I AItil tode - 5(X) feet AGL . A irspewed - MX) k hts I

a. C heckpoint A: Totwn Z1. Heaing - 11701
Ih. Checkpotiiit IB: Town ) Heading -- 039')
c. I heckpoint C: Town XlHeading -0f94')

d. (;lickpirt): lown lA Heading -0420t

v. tt't'kjaiirtt : Factory: Target identification Point

5.i twoTarget Strafe I Pop- tip - 3 repretitions)
t.1.1 N Kgress: I Alituiide . 5(Kfeet AGI.; Airspeed - AI)kntts

,i. :h..ckpoint V.: Factor 'I, eading - 224')
It. t hcot- FittF: Town W ( Heading -- 3320)

(. ;heckpoint (: Railroad Depolt ivading - 209')

. (ttri itck oitl AX I' -~~-i~iif bf(R a

It



For both routes, winds were set at 20 knots, gusting to 30 knots, with delays of 15 to .30 seconds between gusts.
.A 5-second buildup time to maximum gust was programmed, and the duration of the gusts varied from 15 to 30 seconds.
Wind direction varied ± l0degreesfront true north. Direction variations were made. on average, every 20 seconds.
Turbulence was simulated at a moderate level and visibility was set at 4 1/2 miles.

Dependent Measures

4SPT Perf)urc.ne Measurement. Difficulties with the software logic used to capture ASPT performance measures
were encountered throughout Phase I. This problem made questionable the validity of all ASPT ILN performance data,
and analyses of these data are not reported. The measurement difficulties did not affect the quality of the actual LLN
simulation flown by subjects. All experimental group subjects flew the entire LLN simulator profile. The training transfer
issue for this exercise was addressed solely by between group aircraft performance analyses.

firrrft Performance AMeasurement. Student data on ILN aircraft performances were obtained using procedures
similar to those used for collecting BAM aircraft performance data in Phase I of this effort. The procedure incorporated
both LLN performance questionnaires developed for this effort and student gradesheets. Both measurement instruments
were completed by flight IPs at the debriefing of each flight. All ILN missions were flown with the student flying lead
and the lP flying chase. As in Phase 1, IP/student assignments were usually based on IPavailability and student progress.
Fach student was scheduled to fly two aircraft sorties containing ILN exercises (BAM-l and SA-1. Not all subjects,
however, performed the scheduled number of LLN missions. Three subjects from the experimental group and four
subjects from the control group had missing data for one LLN exercise due to weather restrictions on the day of flight.
Complete sets of LIN aircraft performance data were collected for the remaining 29 subjects. All data obtained were
used in the final analyses.

The student mission gradesheets used for 1.LN missions differed from the conversion phase gradesheets only on
the tasks listed for rating. The procedures and the rating scale used were identical. IPs also completed the L.IN student
performance questionnaire presented in Appendix B. Table B-2 for each exercise performed. Using this questionnaire,
It's provided the following data for each leg of the exercise: (a) number of times lost or disoriented, (bl time deviation
oc checkpoint, (c) average altitude deviation, (d) average airspeed deviation, and (e) rating on course control. Based
cil IP interviews and review of mission objectives, these measures were determined to reflect the most important
performance aspects of the LIN mission. The same procedures used to brief IPs on experiment requirements in Phase
I of this cxperiment were also used in the LLN phase. Likewise, a researcher was on site during the data collection period
to administer questionnaires. to collect completed measurement materials, and to answer questions pertaining to the
effort.

Data Analysis Procedures

As previusl y noted. due to questionable validity, analyses of the LIN ASPT performance data are not reported.
Aircraft performanc data were analyzed in the following manner. The seven analysis variables presented in Appendixes
I), Tables D-I and )-2 were derivecd for each of the two LLN sorties. Selection of analysis variables was based on a
desire to derive' variables most reflective of mission performance and to achieve compatibility with simulator performance
analy sis variables planned for in the original design. For five of these variables, means were computed over data obtained
for each route leg in crder tcc make compatible data from different routes with varying number of legs. Single factor
ANOVA and unequal sample size procedures IKeppel. 19731 werc used to test betwecc group differences for each
variable. Post hoa determination of statistical power (Keppel, 19731 was also computed for each variable to assess the
sensitivitv of the dal.a to group performance variatcons.

Phase II Results

(roup mean differences for three of the seven BAM-I sortie, analysis variables showed better experimental group
pe.rf, rmanccs rcatliwv ic the control group (see Appendix 1). Tabl I)-I ). Ncne of thesc differences were significant (p

to~



> .05). Four variables showed better control group performances. Statistical analysis of these data found group
differences for mean airspeed deviations (V.,) to be significant 1F1_11 = 10.25; p < .01); the results of the analyses for
the remaining three variables were not significant (p > .05). Group means for all SA- I sortie variables indicated better
control group performances (see Appendix D. Table D-2). Results of the statistical analyses of these data found none
,f these differenccs to le statistically significant.

V. DISCUSSION

Significant task improvements over BAM simulator periods were demoustrated for three of the five tasks trained.
Analyses of the aircraft performance data for these three tasks resulted in significant positive findings for one of the 17
analyses computed for the 17.5 AOA turns task, one of the 12 analyses computed for the 300 DRR task, and two of
the five analyses computed for the target tracking task. Similar results were obtained from aircraft performance analyses
of the remaining HAM tasks: one of 17 analyses for 21.5 AOA turns data was signifcant. and one of 12 analyses for
20" DRR data was significant. Although few of the aircraft data analyses resulted in significant findings, group means
obtained for these data showed an overall trend indicative of better performance by the simulator trained group. Simulator
task performances could not be examined over the course of LLN training due to apparatus failure. Analyses if the LLN
aircraft performance variables were not indicative of positive simulator to aircraft transfer of training.

Two factors which may have influenced the results of this effort are presented for consideration. The first factor
concerns the adequacy of the training procedures. There are three components to this factor. The first component concerns
the fact that the simulator scenarios for all tasks were, by necessity, restricted. The scope of the effort did not allow
the determination of performance ceiling effects for task training in the simulator. Even for RAM tasks whose simulator
performance data showed significant improvement as a function of training, the effect of additional training in the
simulator on either simulator or aircraft task performances is unknown. The second component concerns the period
between training in the simulator and aircraft testing. This period was not immediate: approximately I week elapsed
between RAM training in the ASPT and the first RAM aircraft sortie: 3 to 5 days typically elapsed between the ASPT
I.LN sorties and the first 1.LN aircraft sortie. The third component is concerned primarily with LLN training operations.
The ASPT's LL.N visual environment was rather impoverished due to limitations of the ASPT CGI capability. None of
the experimental pilots became lost during the course of performing LLN simulator scenarios. Additionally, the ASPT
LI.N visual environment was a representation of an area dissimilar to the real environment used for training in the aircraft.
As a result, the ASPT LLN scenarios provided what might bie termed generic procedural training; by no means were
they intended to provide visual familarization of the test environment used for training in the aircraft. Although these
issues may have negatively influenced the results of this effort, lack of complete control over training operations is
commonplace in operational settings. The effort was designed to provide results based on anticipated usage of such
training programs by the operational command. As such, the effort succeeded in accomplishing this objective while still
maintaining the control over experimental procedures required by the methodology and analysis procedures used.

The sec.ond factor to be considered involves the sensitivity of the dependent variables used to detect aircraft task
performance variations. Previous ASPT experiments involving weapons delivery training have demonstrated significant
transfer to the aircraft when the dependent variables are based on objective measures of aircraft performance. Gray et
al. ( 1981) used bombing error and percent strafe hits to demonstrate that, for five of six weapons delivery tasks tested,
A-I10 B-course pilots trained on the ASPT performed significantly better on initial A-10 surface attack aircraft sorties
than did control counterparts. Similar results were obtained by (;ray and Fuller (1977). In this experiment, fighter lead-in
student pilots were trained on weapons delivery tasks in the ASI]' and tested against control pilots in the F-5B aircraft.
'hi. aircraft performance variables used in this effort were derived from bombing error and IP evaluations of performances.
Bombing error variables showed significantly better experimental group performances for all weapons delivery tasks
tested: however. noe of the group differences obtained for the IP evaluation variables were significant. As target tracking,

200 I)RR and 30' DRR tasks are all similar in nature to their corresponding weapons delivery tasks, these previous efforts
suggest that stronger evidence supporting transfer of training may have resulted if more objective aircraft performances
metrics were available. The measurement sensitivity issue cannot be conclusively resolved here; however, power values
detnnmined for aircraft performance data analyses and inferences made on the basis of results from previous efforts make
questionable the use of conventional ]P evaluation pro)cedures for test and evaluation purposes.
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IP evaluations of student performances have long been used by TAC in determining individual pilot proficiency
od. in geneal, the Command's overall combat readiness. The standardization/evaluation (STAN/EVAL) program serves

the function of providing commanders with meaningful indicators that reflect aircrew training and capability to perform
the unit mission. To achieve these ends, the STAN/EVAL program attempts to control the evaluation process and ensure
standardization among the training units. In addition, criteria for IP assignment of student performance ratings are
specified by criterion referenced objectives (CROs). One inherent problem is that, even by specifying the rating criteria,
this evaluation process has no provision for verifying the subjective values produced. Additionally, the effect that
confounding factors have on the final evaluations is difficult to ascertain. A student's previous performance history,
attitude, and intentions may all significantly influence the subjective performance values assigned. As part of the STAN/
EVAI. program, students are measured against expected competence levels annotated in course syllabi. To this extent,
the STAN/EV AL program itself may influence IP evaluations with factors unrelated to student performance.

On-going and planned procurements of new weapon system operational flight trainers (OFTs) for TAC pilot training
have highlighted the need for evaluating these trainers in terms of their contribution to flying training programs. Test
and evaluations are planned for these trainers using methodologies and subjective performance metrics similar to those
used in the current effort. Examination of the power estimates presented in the appendixes provide insight to the kind
of results to be expected unless another approach is taken. Power estimates can be interpreted in the following manner.
Given the sample size and variability of the data between and within groups for a given measure, the probability of
obtaining significant differences between groups is equal to the obtained power value. The power estimates presented
in the appendixes were derived from mean squared data from the computed ANOVAs and used the F distribution in
determining the power values. As a result, the power estimates are conservative, by nature of the F distribution. Even
when more liberal methods are used, however, the resulting power estimates are quite moderate. Power increases as

sample sizes increase, between group variability increases or the within group variability decreases. Large sample sizes
are difficult to obtain for operational testing purposes. A desirable alternative to increasing sample sizes for purposes
of increasing power would be to use measurement techniques that minimize sources of unwanted variability. The
feasibility of adapting alternative measurement systems for aircraft performance assessments needs to be evaluated and,
if suitable, incorporated into future simulator test and evaluation programs.

VI. CONCLUSIONS AND RECOMMENDATIONS

Two factors have been considered that may have negatively affected the outcome of this effort. First, training in
the simulator was too restricted to ensure adequate transfer effects. Second, conventional IP evaluation procedures were
not sufficiently sensitive for detecting group performance differences in the aircraft. Whether the obtained results were
due to one, neither, or a combination of these proposals is unknown. The implications of these results form the basis
of the following recommendations for both current and future training evaluation programs.

I. Ensure the optimal amount of benefit is derived from the similator if transfer of training is an issue. This can
be accomplished by pretesting pilots in the simulator for performance ceiling effects, then programming enough simulator
time to train pilots to optimal proficiency during the test period.

2. Evaluate the metrics used to assess task performances in terms of suitability and possible effects of unwanted
sources of variance. When available, use objective performance measures. If subjective performance evaluations are
ne'essarv, rater instruction sessions and pretest procedures should be used to help ensure interrater reliability.
Minimizing the number of raters used in the test and counterbalancing raters with ratees are also recommended.

It
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APPENDIX A: A-10 ASPT SYLLABUS
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Table A- 1. A. 10 ASPT Detailed Conversion Phase Syllabus

1: 1 Ratio

Simulator 1.5 Hours

I. Takeoff; Climb; Level Off
2. Stall Recovery Procedures (Familiarization Only)

a. Vertical Confidence Maneuver
!). Power on Stalls (Straight Ahead and Turning)
c. Traffic Pattern Stall Series
d. Slow Flight

3. Lazy Eight- Aileron Rolls (Speed Brakes Closed and Speed Brakes Open - Familiarization Only)

. l AHp. Cuban Eight; Split S

3. I)etcent, Straight-In Approach; Go Around
6. Re-Entry; Normal Overhead Pattern and Approach; Go Around

7. Closed Pattern. Normal Approach; Touch and Go (Familiarization Only)

8. Closed Pattern; Normal Approach; Touch and Go (Familiarization Only)
9. (osed Pattern; Normal Approach; Touch and Go (Familiarization Only)

10. Closed Pattern; Normal Approach; Touch and Go (Familiarization Only)
II. Closed Pattern; Normal Approach; Touch and Go (Familiarization Only)

12. Re-Entry; Normal Overhead Pattern and Approach; Full Stop Landing

AS-2 1:1 Ratio

Simulator 1.5 Hours

I. Takeoff: Climb; Level Off
2. Steep Turns
3. Re-Entry; Straight-In Approach (GCA); Go Around
4. Closed Pattern; Normal Approach; Touch and Go (Familiarization Only)

5. Closed Pattern; No Flap Approach; Touch and Go (Familiarization Only)
6. Closed Pattern; No Flap Approach; Touch and Go (Familiarization Only)
7. Straight-in Approach (Simulated Single Engine); Simulated Single Engine Go Around
8. Straight-in Approach (Simulated Single Engine); Touch and Go (Familiarization Onlyl
9. Closed Pattern; Normal Approach; Full Stop Landing

I0. Takeoff(30); Departure
I 1. 30 Re-Entry"
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Table A-2. A. 10 ASPT Detailed Surface Attack Sylabus

1:1 Ratio

Simulator 1.5 Hours

I. Takeoff; Climb; I evel Off
2. Range Orientation and Dive Bomb Demonstration (Familiarization Only)
3. 30' Dive Bomb (HOT)- 3 repetitions
t.1 45 High Angle Dive Bomb (HOT) -3 repetitions
5. Low Angle Low Drag (HOT)- 3 repetitions
6. Low Angle Bomb (HOT)- 3 repetitions
7. I oAw Angle Strafe (HOT)- 5 repetitions
8. Range Departure

14. Hung Ordnance Pattern (Runway 12); Full Stop Landing

AS-4 1: 1 Ratio
Simulator 1.5 Hours

I. Takeoff, Climb, Level Off
2. Range Entry
3. 30 °' Dive Bomb (HOT)- 3 repetitions
I. t5' High Angle Dive Bomb (HOT) -3 repetitions

3. LAow Angle Low Drag (HOT)- 3 repetitions
0. IA)w Angle Bomb (HOT) - 3 repetitions
7. Low Angle Strafe (HOT)- 5 repetitions
8. High Angle Strafe (HOT) - 5 repetitions
9. Range Departure

10. Hung Ordnance Pattern (Runway 30); Full Stop Landing

AS-5 1:] Ratio

Simulator 1.5 Hours

I. Takeoff; Climb; Level Off
2. Range Entry
3. I.ow Angle Bomb Curvilinear (HOT) - 2 repetitions
1. Low Angle Bomb Pop-Up Demonstration - I repetition (Familiarization Only)

5. LoAw Angle Bomb Pop-Up (DRY) - 1 repetition
6. Low Angle Bomb Pop-Up (HOT) -6 repetitions
7. LOw Angle Strafe Pop-Up Demonstration - 1 repetition (Familiarization Only)
8. I w .Angle Strafe Pop-Up (DRY) - 1 repetition
9. Low Angle Strafe Pop-Up (HOT) - 5 repetitions

10. Range Departure
II. Normal Overhead Pattern and Approach; Full Stop Landing
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APPENDIX 2: AIRCRAFT STUDENT PERFORMANCE QUESTIONNAIRES
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Table B-1. Elementary BAM Evaluation Form
(to be completed for sorties CV4 through CV6)

Sqoadron Date Mission-

Pilot Nane IP Name

Event: Results by Trial

1 2 3 4

I.30 Dive. Roll and Recovery

A/S Deviation (a 2.500 ft (- or -_
l)ive Angle Deviation (a, 2500 ft (- or-)

Overall Rating (0- 4 )

2. 20° Dive, Roll and Recovery

A/S Deviation (1800 ft(-or- -
Dive Angle Deviation @ 18OOft )- or -_

Overall Rating (0-4)

3. Target Tracking

Overall Rating

1. 17.5 A(A Turns (90/180)

Wax A ltitude Deviationl- or-)

AOA Control (0-4 Rating)

Overall Rating (0-4 Rating)

5. 21.5 AOA Turns (90/180

Max Altitude Deviation (- or-)

A()A Control 10-41 Rating)

(verall Rating (0 -4 Rating)
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Table B-2. A.lO Low Level Navigation Evaluation Form
(to be completed at debriefing for sorties BAM- 1 and SA- 1)

Stuadron Date Mission #

'ilol Name IP Name

Route # Entry Point Exit Point

Leg: 2 3 4

I. Number of Times Lost (disoriented)

2. Time Deviation on Checkpoint (Secs - or -)

3. Average Altitude Deviation (- or -)

4. Maximum Airspeed Deviation (- or -)

5. Course Control (0 - 4 Rating)
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APPENDIX C: PHASE I TASK VARIABLES, GROUP MEANS AND
AIRCRAFT DATA F VALUES WITH STATISTICAL POWER ESTIMATES
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Table C- I. ASPT BAM Variable Trial Means

Trial Meanm

Maneuver Variable I 2 3 4 5 6 7 8 9 10

1. 17.5 1. nit RMS Altitude
AOATurns Deviation 228.2 214.9 195.8 183.0 180.3 205.0 113.2 152.0 143.7 108.7

2. 21.51 nit RMS Altitude
A()ATurs Deviation 137.7 150.0 165.4 144.9 131.3 1.36.0 111.6 107.9 131.4 14). I

3. 30 ° DRR On Final Parameters:
RMS Dive Angle

Deviation 3.76 4.02 3.20 2.80 3.00 2.34 2.20
RMSG Values

tdesired:.88) 1.12 1.06 1.00 1.05 1.06 1.05 1.01
Pickle Parameters:
Dive Angle

Deviation 108.9 94.5 64.4 69.7 72.9 48.0 41.4
Airspeed

Deviation 81.0 85.7 62.4 57.3 58.4 61.4 59.4
G-Value

Deviation 49.4 46.1 49.0 55.7 43.3 38.6 35.2
Longitudinal

Total Error 239.3 226.3 175.8 182.7 174.6 148.0 136.0
Bank Angle

Deviation 6.3.0 73.0 53.4 57.4 44.2 .36.1 46.7
Total System

Error 302.3 299.3 229.2 240.1 218.8 184.1 182.7
1. 200 DRR On Final Parameters:

RMS Dive Angle
Deviation 2.81 2.47 2.23 2.88 2.76 2.12 2.44

RMS G Values
(desired:.94) 1.13 1.12 1.24 1.13 1.14 1.12 1.06

Pickle Parameters:
Dive Angle

Deviation 81.4 72.6 4,3.0 79.9 84.1 57.2 76.5
Airspeed

Deviation 90.0 93.4 68.6 67.9 55.9 79.7 79.5
G Value

Deviation 42.0 45.5 66.8 76.8 79.3 41.1 64.8
Longitudinal

TotalError 213.4 211.5 178.4 224.6 219.3 178.0 220.8

Bank Angle
Deviation 44.7 44.2 74.0 79.1 54.4 49.5 36.7

Total System
Error 258.1 255.7 254.4 303.7 273.7 227.5 257.5

5. Target RMS Aiming
Tracking Error 135.1 153.4 144.8 215.0 131.6
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Table C-2. Percentage of Hits by Trial for Target Tracking Task

Trial
1 2 3 4 5

Hits, Percent .45 .55 .64 .76 .84
Numberof

Observations' 22 22 22 21 19
'Fluctuations in numbers of observations are due to performance

measurement system failures.
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/hb',d (3. Variables. Irviup Means and Statiatical Power Eatimates (alpha .05)

for Aircraft Turns Data

F Value PowerVariblee (df 1.38) F.lwOate

%'t- |(I1h,, RIi liion |Rating

,liitaind i, A/C 17.5Turns) 3 .1 3.05 .20

2 Hight-sl Relwtition Rating
obtained in A/C (21.5 Turns) 3.25 3.05 2.27 .21

- Number of Repetitions to
Proficiencv ( 17.5Turns) 1.45 1.1 3.65 **

' - Number of Repetitions to

Proficiency (2 .5 Turns) 1.35 1.45 .15

"- l' Repetition Overall
Rating on CV-4 (17.5 Turns) 2.0 2.06 .23

%',- Mean of Altitude Deviations
oi CV-4 Repetitions (17.5 Turns) 108.04 123.14 .50

V - Mean of AOA Control Ratings
tn CV-I Repetitions (17.5 Turns) 2.49 2.41 .25

% s- Mean of Overall Ratings
on CV-4 Repetitions ( 17.5 Turns) 2.41 2.36 .10 *

,,-(A -(;radeslip Ratings + 2.25 2.11 .64

l - I Repetition (verall
Ratingon C-4t21.5Turns) 2.1 2.11 .O1 **

V I - Mean of Altitude Deviations
on CV-4 Repetitions (21.5 Turns) 113.95 164.77 2.73 .24

N 1, Mean of AOA Control
Ratings on CV-4 (21.5 Turns) 2.63 2.53 .39

V It - Mean of Overall Ratings

o, iL-4 Helmfilions 121.5Turns) 2.47 2.35 .43

%'I,- I Repelition (verall
Rating on CV-5(17.5Turns) 2.28 2.11 .9)

V "-- Mean of Altilude I)eviation%

,,n C -5 17.5 Turnsl 97.02 114.35 .35
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Table C-3. (Continued)

'riaaht. Mean Mean 1 t Value Power
(dr - 1,38) F tlmaet

,, -%d, A(A (ontrol liatings
, .- .,r 2.96 2.16 13.68*** .93

\ - v. i it % ,.rall Repwtition
Ratinig, rin ( %- 5l17.5 Turns 2.59 2.44 1.6i .12

- ( :-.-) (;rddhslip Ratings + 2.6 2.4 1.58 .11

- " Reltition Overall

Rating o. CV-521.5 Turns, 2.5 2.26 1.63 .12

'" \|,al of Altitude l)eviations
on CV-5t21.5Turns) 82.98 115.2 1.44 .09

j - Mean of A() A Control
Ratingson Ci(-5 21.5Trns) 2.9 2.52 5.25*** .52

I- \van of ( ,ral I Reret itI ion
Ratings on CA-5 2l.5 Tursl 2. h4 2.59 .21

z - 1 i'Relpetition ()verall

Rating on (-6 ( 17.5 Turns) 2.65 2.64 .01

2 -" Mevan of A ltitude Deviations
on (V-6 117.5 Turns) 63.24 94.0 2.65 .23

V - M -an of AO A (ontrol

Ra ti ngs ,o CV-6( 17.5 Tums) 2.91 2.86 .15

V2"- Mc'im of Overall Repetition
Rat ings on CV-617.5 Turns) 2.84 2.75 .28

\ 2 :-CV-)(;radeslip Ratings + 2.5 2.58 .20 **

\ 28 - I" 1R epetition Overall
Rating o n C V-6 (21. 5 Turns) 2.85 2.59 1.79 .14

'V -," Mean of A It itude Devi at ions
,n C \ -6 (21.5 Turns) 59.2 78.1 1.03 .02
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'sarmal& V . "feacn F 'sauP Power
C~ rnt f I .38p Estimate

- i~iof AO A Control Ratings
on CV-O (21 .5Turns) 2.97 2.8 1.47 .10

jI- Mean ofi verall Repe-tition
Rating.,on CV-0 (21.5 Tuns) 2.95 2.77 l.30) .08

+ D enotes variables derived from student miasion gradealip data; all other variables derived from BAM student
pierformance questionnaire dataS.

* D enotes variables for which between group variances too small to compute power estimate.
** lDenotes variables for which power estimate not computed due to better control group performances.

< .5
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b/h C-4, Varialac, 4;r-mail Mrtin and Statisti(a Ptik,,r Ejlimaten I alpan .05)
fur Aircraft 30 ' DRK Data

VariAple Mean Mean F Value Power(df 1,38) Estimate

H " Highest Repetition Rating

obtained in A/C 3.25 3.05 1.03 .03

2- NuIlwr ofe fRWtitions to
Proficienv 1.55 2.25 5.07*** .50

\a - I.,I Repetition Overall

Ratingon CV-4 1.5 1.25 1.27 .08

- Melhan of Airspeed Deviations
on (V- t Repetitions 9.94 13.1 .89

e- 'an of I)ive Angle Deviations

,n (A- I Repetitions 2.55 3.47 2.36 .21

t \ ,,- ',., of()verall Repetition

Hatings on CV-4 Repet.itions 2.19 1.96 2.01 .16

' t- (;radthslips Ratings + 1.9 1.8 .29 *

' "- I st Repetition Ov.erall

Hirtigon CV-6 2.2 2. 13 .08

V., - \|ran of Airsped Deviations

on C\ -0 Repetitions 3.62 3.14 .01

it" Mean ,f Dive Angle Deviations
n (A -0 Relpt.ilions 1.83 1.39 .()

' , - 'a!n of 0i e'ralI Repetition

Rating, on (V-6 Repetitions 2.62 2.59 .03

' 2-(:V-()(;radeslipRRatings + 2.35 2.35 .M0)

+ I in,, variables derived from stodent mission gradeslip dataz all other vartables deried trom AM student
i *er1. rlll.e (Wt jotllalre ilatal.

i )..j, ,t, ,arisllhe for which between group variahces ttmisnmall to compkite 1ower est iroate.
eI n)ert ote. variables for whic ii power estimate riot computed tloe to better i'ontrol group 1wriivrinant's.

• * .05.
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T/hle ( 5. Variabhle, Grouip Meanx and Statistical Power Estimates (alph" .05)
for Aircraft 20* I)RR I)ata

Variable Mean Mean FValue Power
heP M t f (d= 1,38) Estimate

- tligh i f Iel.'tition Rating

oblai,,,d iii A/(: 3.4 3.15 1.55 .11

'2 - N umber of Repetitions to
Proficiency 1.35 1.35 .00

%'.,- Ist Repetition Overall
Rating on CV-5 2.05 1.84 .84

Vt- Mean of Airspeed Deviations
on C%-5 Repetitions 5.5 8.29 2.69 .24

V-,- Mean of Dive Angle Deviations
on CV-5 Repetitions 1.71 1.49 .45 **

%,b-Mean of Overall Repetition
Ratings on CV-5 Repetitions 2.59 2.29 4.29*** .44

%"-CV-5 Gradeslips Ratings + 2.3 2.11 1.21 .07

%,- Ist Repetition Overall
Ratingon CV-6 2.4 2.24 .46

1 1 - Mean of Airspeed Deviation
,,I)\-6 Repetitions 4.93 4.91 .01 **

V ,,4- Mean of Dike Angle Deviations
on CV-6 Repetitions 1.45 1.04 .63 **

V I - Mean of Overall Repetition
Ratings on CV-6 Repetitions 2.77 2.61 .94 *

V12 -C(V-bGradeslip Ratings + 2.45 2.26 1.53 .11

+ Denotes variables derived from student mission gradealip data; all other variables derived from BAM student
perhormance questionnaire data.

• |e.nolest variables for which bwtween group varianves lou s.mall to compute power estimate.
omI )ens variables ftir which imower eslimale not violultulled due to better contnil group performances.

405.
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Table C-6. Variables, Groun Means and Statistical Power Estimates (alpha .05)
for Aircraft Target Tracking Data

Variable Mean.. Meanon! F Value Power
(df = 1,38) Estimate

%'I - Highest Repetition Rating

obtained in A/C 2.7 2.53 .67

V2- Number of Repetitions to
Proficiency 1.1 1.32 1.49 .10

.1- Ist Repetition Overall

Rating 2.3 2.0 2.41 .21

V - Mean of Overall Repetition
Ratings 2.48 2.]8 3.13 .30

V-radeslip Ratings + 2.21 1.95 3.31 .32

+ Denotes variables derived from student mission gradeslip data; all other variables derived from BAM student
performance questionnaire data.

* Denotes variables for which between group variances too small to compute power estimate.
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.4PPEbAI)IlX ): PHASE If TASK VARIABLES. GROUP MEANS. AND
AIRCRAFT DATA F VALUES WITH STATISTICAl. POWER ESTIMATES
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