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ABSTRACT
A study was conducted to investil-ate and

statistically validate a performance Measuring system (the GOod Stick
Index) in theTactical Air Command Combat Engagement Simulator I (TAC
ACES .I)-Air Combat Maneuvering- (ACM) training program. The study

twelve-w-eak_saMple of eighty-'nine student pilots,to..
statistically validate.the Good Stick Index (GSI), as an obfective-
measure ofWilot air combat,skill, to,compare.GSI measures to the
subjective judgment of ACM skill made by instructor pilot's, to
investigate improvement-4 as a measure of ACM skill, and to evaluate
.GSI,s-utility. as a 'training aid. (GSI utilizes four parameters as
indicators of air combat. skill: time in qunfiring envelope, average-
mil -error, 'offensive/ defensive _time, and time'to first -kin.) It was

.sconcluded. from analysis of the data that the GSI was a measure of ACMskill with contributory ' parameters consistent with intalitive etpert
opinion and with an acceptable level of adodrate assesSmeP1-. of skill
is theiwimulator. The GSI scare,wasjudged tobe .useful in evaluating
indiV4.dual and group 3<earnin4 within training programs iP ACM. The
individual parameterscomprising the GSI were fodnd usable as
teaching guides. (JH)
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-SUMN_ARY

validate performance meastring syst

.A, study was conducted to investigate and statistically

in the Tactical Air

,Command Air Combat Engagement Simu or I air combat maneu-.

vering (ACM) training program at Vought Corpo?ration, Dallas,

Texas. The study utilized a 12 week sample o -89 student;

pilots in an experiment tc statistically validate an objec-

tive performance measure of air combat skill, compare the.

arjective measure to the subjective judgement of ACM skill

made by instructor pilots, to investigate improvements as a

measure of ACM skill, and toevaluate.its utility as rain-

ing aid.

Statistioalftethodologies of ridqe'regiession and dis7

criminant analyses'were employed-to assess the quantitative

4 and. qualitative characteristics of the Mbasureof ACM skill

in the simulator. 1

illiAckground

A scoring system termed the Good Stick Index (GSI)

Used as an indicator' of pilot air combat skill .in the TAC

ACES I simulator training progrdM." The GSI was developed dip

jointly, by the'Tactical Air Command and the Vought Corpora-
,

ti.on utilizing, four subjectivelli.chogen and eqdally.Weighted
,

parameters which to the experienced
Q

pilot are intuitive in

dicators of air combat skill. Thpfour parameters are 1)

time in gun firing.envelope, 2), average mil error, 3) offen-

Siv'e/defensive time, and. 4) t4.me to'first kill - objective \

Measures obtained iduring'student pilot scoring sessions

against programmpd'target-maneuvers. The TAC ACESI



training pr rar LE :on

ment tourna.t. Kh =e 7

_ano*er. Tn. irk= zi.

tion event :_lcts

tedY'result:_.

The GS, :tre,

.placement, at 1:7-F

random frequen-..-zy.

IP'

Specifics

The GS:

validate the =I as

one-on 7c_le- Tree-enga,qe-

,*tIC:,,_.nt pilot is.matched'aga......

tcarnailientis a dc,..zble

twc engagehents mo'be

. -

as a predictor c: turkey shc_o- ,

_he winner at =meter than

wasconducted to statists :ELL_
I

pror 6feturkey shoct winner, in --
vestigate imp--

of each.of the fou-..

parameters aE candid ates

GSI by varkIng the weighting

7rs, and introducingadditional

-/an :mproved predictcr of

shoot wiriner- Jhe alidat=. GSI was compared with the t

key shoot st.ident.T=.aceme:'

pilot to .assess

In ordef

..the'GSI;

class of

?red_ction -instructcL

i=eemen7t wig expert -opin.lon.--

:er evaluate the potential utility cf
-\

folf.:-;7roupngs of turkey shoot plabements in e6:-

eiz.,:z. Stu _ants were investigated;

1,Ar-nn
' C. 411_..an,-,:s and unners-Up (Finalists)

3 ;pel-Half mi-Finalists)

4) e!roz:_le Rankin s.

Data used tie .study were collected,.during.the 12

class (12 weer) temple if_e:om 3 April 1974 through 23 JUne

_1974 These at :ere objective meas des of performaribe.

4r- in the simdlaor, :_emographic (backg und).data obtained
.

by student clusticz..naire,and instructOr pilots' predic-

tions Of turke- shoot.placement of studentswithineach

class. The oblective'measureS were obtained from scoring

Sessions on Mondays, immediately'after'briefing and hands -c:.

2, 7



faMiliarization. an

shoot exercise. In

:ional sc,pring sess

_issesslearnin

i

d Air Fridays

of, the

4as-helC

inLthe s_

0

t prior,tc the turkey

classes, are adai-

Wednesday =.c better

The TAC ACS- I __aining sy__ar was cona_stent
. ,

-_-_aroughout the _Kpse went as at-_-__est-,_-_ to by th.±, anief. In1

tructor-Pilot:- :_s=ructor pi...t: Iravided individual

istruction tc _!,, . student,cc.7_:- 7rating in area of

recognized'Icle _ -_-:_-_es. The stuC?::_s; were aware of the.

Storing sessi , '..t were unaware of the .ihtended use of
the acquired

Results
, .

The firs Isticalanaly.F = oerformeddetermined.

ofAle weihted, four-.
pbtained in TL-Iday scoring sessions.param

The

GS;

results comparedtto the ....cjective'.student turkey

shOot.rank pr-m--4--ions of the.ins-,Iructor pilots. The analy-
sis showed tha GSI score,, using Eriday only data, to predict

probability (onethe turkey's'hoot winner-with a,?f.percent

in four. There was no statistical difference between the

GSI and: the instructor,pilot..ptediction capabilities.

A second analysis summed the GSI score obtained, on

Friday to the GSI score obtained on Monday 'and. optimally

weighed the combined score. 'A significant increase: in.

probability of correct turkey ShoOt placement was observed

at.abOut 66 percent (two in three).'

third analysis used the-four individu 1 pa7ame s

of each GSI. score for M8nday and Friday (a to of eight
terms) 'and optimally- weighted each individual parameter.

The-results increased the precliction'of turkey-'shobt place-.
0.

ment to about, 75 percent (three f0r), the best predictiqn

-3



.

which could Ee obtained with the_fourAparameters

tiyelyabosen as InAicators of ACMskill.

In the lourth statistical analysis, a set:af 4g-.=

-,tive.meas es taken duringach scoring session were _

traduced the discriminant model.as potential

candidates. Includedin the data set were the four -.=.7a-

meterp. in the original and improved:GSI score. .The a_

derived an optimal' predictor with abaut 8C percent pr,_-_,afl-
119lity of-correct turkey shoot placement. Further, a cf *

Y2 subjectively chaeen demographic (background), data :_taLned

fram'Student qUestionnairesintrodUced'as Potentia,1

V)r candidates irl -the expanded list of candidates. iro-

bability. of correct turkey shoot placement remained abc.::7_

SO percent hOwe-ver, background parameters of tbt.s
in fighter aircraft, time in the F-4 aircraft, ind ahe :_am-

ber of sorties flowrilin the last thirty days, repla7ed ahree

of the terms in the optithal obj;ective predictor sccre. ?his

iesult reinforce's the predictor model as a measure Jf __Lot

ACM skill. -

The statistically validated GSI was ueedllwin the- fir-.1

analysis to obtain a measure Of learning trends in the s_:7.u-

.1atoi. .A third .scoring session on Wednesiiay, infadditich to

the Monday and Friday data, enabled an evaluation of skill -

development in the.siMulator over the week's training period.

A quadrati fit through the means of individUal scores'ob-.

-,tained on -the three dAys showed'defitite positive group .

learning (edumetric trend). The di,l_stribution of individua

scores was seen to converge, or grou4loser 'together,-

rom Monday ``to Friday.. 'The-,a,lope.,:1 the quadratic fit

approach zero on.r-raday, which inplicAes that one week's

..training.in the simulator was, optimal for the-classes sub-

jected to the investigation. ,



Conclusions

The over.a11 L_n the study showed the GSI to be

/. a)TleaSure of.ACM skilt7 contributing parameters consig-
. \

tent with intuitive expert op.Inion-and with an acceptable

level of accurate assessment of skill in the')simulator. The

Gsr,score:is shown

',and group learning wit:lin-training programs in

. individual parameters comiorising the GSI score

as teaching guides. ' 6
'1

to be useful in, evaluating individual

ACM, and the

can be used

A recommendation is made t& utilize the algorithms and

similar technique's ar methodologies as presented in thiS

study to derive perfo=mance/Measurement systems, ford the

Simulator air Air -to -Air Combat at lake AFB an the Air

CoMbat Maneuvering .I.7istruMeritation (ACMI) Aang at Neliis4AF 01

When an'objective performance measure can be obtained for

:ACM-iin'the air, thenan objectiVe measure, of transfer of
0

-training between the imulat
/
nA,the aircraft can be's".-

certained.

_Applications of the te'chnig of the study can 4so,be

applied tO othei ACM simulators and ther, tyeS,dofflighta
simulators-to achieve like measures. o in a variety

of flying tasks.

I .. .00
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4
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PREFACE I

. :This report documents the tapks performed under con-,,

tract.F34601-17-A-0176-KW011, the Good Stick Index Validation.

Study. The Vought Corporation, Dallas, Texas, has been

under contract with the USAF Tactical Air CommandATAQ) to

furnish the Air-Combat Engagement Simulator- (ACES) facility

in support of TAC-airombatraining during the data colfec-

tion phase of this study.

tem, the Good Stick index

the purpose ofpredicting

pilots in a free engagemen

eight pilots. Initially, four parameters of.pilotperfor- ,

mance were used to compute a GSI score for each, pilot.

'These parameters were selected subjectively and were em-

piriCally weighted in-,the scoring eguatiOn.:"Theie had been

A pilot'performance scoring sys-

(GSI), was developed earlier 'for

relative performance of. student

t competition within ;amh class of

_

. no previous effort to statistically validate the predictive

ability of the GSIegUation.
, a The contractor wishes to acknowledge the technical

.

7 = -

guidance and.assistance-provided by Mr., Robert-E. Coward,'

Cohtract _Manager and-Co-Author, Flying Trair4eg pivlsion.of

the Air Force Human Resources.raboratory,.andthe prOgram

training, planning, ands scheduling inferface,of.TAC ACES I

personnel prdvided by Lt. Col. John K. Sloan .11 of the Air

..Efiaraude Tactipal Fighter WeaponsCehter.

0.

I . r
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I. .INTRODUCTION

N.

The Good Stick Index (GSI) is a numerical indv
tJ

devel-14

oped to measure student pilot proficiencies in 'sinfu ated

one-on-orie air combat. The GSI, as originally formulated boy
,

the Vought Corporation, Dallas, Texas, sists-o-f. four"

objective performance parameters measured curing USAF Tacti-

cal Air 'Command (TAC) Air Combat Engagement Simulator (ACES)

I training.
00.

The fpur parameters comprising the GSI were subjec--
-

tively chosen and, from data obtained over many classes,

empiricallyrelated,to derive a predictor of the "winner"

or "runner-up" in the double elimination one-on-one free-

engagement tournament held at the conClusion of each train-

ing session. This derived relationship appears to predict

the winner or runner-up of the double elimination free engage-_

meat "turkey-shoot" with greater than random frequen

This study investigates the predictive ability of the

empirically derived relationship as' a pedictor-OI turke/

shoot winner by utilizing statistical analysis methds.

Fur*, th; study derives, through statistical techniques,

the optimal predictor indices using the, original four sub-

jeCtively chosen parameters and then derives optimal pre-
,

dictors from rn-expanded set of objective measures, which

include the f'bur parameters originally chosen.

These analyses were performed using data collected. from

12 classes of students in an experiment representative of

TAC ACES I training. Input data,fidelity was assured by

(a)_ certification that there was adherence to the training

sY111,abus.by the Instructor Pilots (IPs), (b) certification

that there were no hardware anomalies, and (c) -certifica-

tior\that there were no software anomalies unaccoulted for

during the control period.

14
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Additional analyses were performed to obtain 'correla-

tioq of student pilot background data and I subjective

predictions of student ranking relative to GSI s ores and

actual turkey shoot rankings.

Four of the 12 classes in the experiment were struc-

tured to collect'additional'edlietric and psychometric .t.

parameters-in order to obtain a greater measure of irivi,H

dual aria group transfer of training in the simulator. ;

.able, optimal GSI predictors, as derived by statistical

analyted of the experiment data, tare evaluated as a (predic-

tor. Using previous class sessions as a data base to'a

limited degree, an assessment is made of actual turkey shoot

prediction capability.

BACKGROUND-
The TAC ACEg. I, training program is conducted by the

Tactical Air Command using the Vought Corporation fixed

base air combat simulator (Figure 1). The program.utilizes

two F-4 configured cockpits with full instruments and wea-

pon systems indicators necessary for air -to -air combat
v.

simulation in a functional mode.' The software modeling

is for F-4D and F-4E aircraft flight characteriptic. In

addition, a MIG 21 isIgtodeled to provide training in dis-

similar,aircraft enciagementt.

Facility Description

The Vought Air Combat Simulator, Figure 1,.Aansists of

two cockpits, each situated within16-foot-diameter sph ri

Cal screens. Overhead projectors provide dynamic earth/sky

horizon scenes and an image of the opponent's aircraft.

The aircraft target is a high-resolution color image pro-

vided by the Opaque Target. Optical Project System (OTOPS),

2o
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"ft

Figure 1. The Voug_ Air Combat Simulator

recently developed` 2y Vouznt. Each pilot wears a g-suit
and -sitsicn a g=sea.-_-:. -As a .:i1c1 increases the load factor
on hiE aircraft, hir: Lnflites and g-seat de-.

flates, The visual Lispl_Ey dims as a function of g and
time and finally blacks.dit, tia.,-targp,t_image the last
:Ea go The g-seat also provides a buffet cue, beginning
as a .gli fiCquency nibble, i.-.creasing in amplitude and

.decreasing in frequency as pelletration inNo the buffet area
occurs. Eac cockpit is equipped wAth fire control switch-
ology which -eflects the F-4E, numbe.556 and subsequent;
as mc:_ified iv. T.O. 1F-4E-556.

ft:Aft

,16
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Online firing and-hit cues engine aircraft and we

'Pon sounds add to the realigm o

a separate b,ulletmcdel inClude

pon,relism extends to the her,i

as amiss will be Scored if the

f'the simulated ai: combat,,ank

s the time'of fl i c. te Wea-

and radar missiles, too,

aircraft target e::ceeds the.

missile turning /tracking capabilities befdre,the time of

e I
flight has e/lpsed A:p4ot scoriAg system clled.the GSI

.

measures the ilelative 'air combat skills of the pilot.
,/

A unique Instructor Pilot. (IP) station that is mobile
,

.

can be operated from alo4gside the cockpit pro-
,.

vides the IP a matchless vantage point.. The IP station,

provides complete control of the simulation, inclUdting
7

operate, freeze cereset,'replay, data recording; video

.recording, and options to record and play baqk preprogrammed

or canned target trajectories. It al=,.c contains the engage-
,

merit scene wpich can be recorded cn videoo
cassettes,.along

. with the audio from both cockpitg and the IP, for subsequent

replay and debriefing.

Training Sessions

Typically, the TAC ACES I irain_ng session is sche-

aled for one week and consists of eight student pilots and

-nree IAs. Each student accumu_ates a minimum of ten hours

classroom and hands-on train_ng in air-to-air combat.

17,/o student pilots tra'n siMtltaneously.in the dual dome.

7:wo-cockpit facility. ach student pilot is normally in-

structed by an individual IP, biu't a single IP can instruct
V

tr

both pilots simultanecusly...Trainin; data are norm aly

recorded while "flying" against a target with Prep ogrammed
-.

flightpaths, )k kill is "scored" byiguns, heat missile,

radar missile, or-ground strike;

17
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e-,

The Student pilot undergoes initial briefings and sum-
ulator faMiliarity sessions on the firSt day of the five
da.ys of training. After becoming failtLitar with ,the simuLa-
tor characteristics through t3 hands-on Session,' the stu-
dent is "scored" against'a series cf Canned target maneuvers.
The student'sinitiai performance is recorded by computer'.
and storea on magnetic tape.

The t aining progresses during the we
the TAC5ACESi I training syllabgs The final

in accord with

day.of train-
ing;the fifth day, consists of ,-econd scoring session.
with each stu4ht pilot compet)ng _gainst canned'targetP
maneuvers as was initially done or_ the first day of train-
ing.. The class training culminates by a double eliminatio
competition.; dr turkey shoot, where each student competes
against the others in one -on -,one Irde ehgageMents until

4

eliminated or a*inner.iS decided.
.

Background daia Ore .collected on each pilot undergoinz
$-TAC ACES I training. In addition, each student pilot is

asked to subjectively evaluate the simulator ,perforthances

in comparison to the actual aircraft. Subjecti-ve evalua-
tions of the training effectiveness and pc- ential improve-
ments are als6.solicited. These data are -recorded on ap-

,.

propkiate questionnaire forms and.tasmit-:_scl to TAC, _

copy remains on file at Vought.

Utilization' f Data

The accumulatediubjective critiques of the simulator
performance' a$'d the training evaluations obtained from the
student pilots and inputs from IPs are usedeboth by TAC and

Vought in evaluating potential improvements in the simula-
tor and simulator training.'

23



at

46$
. The objective measures of student-pilot performance

-,arelused in'o4)4iningheltGSI to. represent a measure of
i`relatve'proficienc Anair-to-air.combat in the sim1ator.

. . -tSludent pilotipaqgr9und.data are used to subjectively

correlate a pilots,expectpd 1.01iel,profickehcy ith that

'measured by the GI.

*v,

Experiment Controls

The. data were, collected for a.sample of 90 sUbjects
,

during the period of this study,' under concisely defined

controlled:conditions. The'studi was unique in the Sense

that the data .had to be collectedrwithin and from the Opera-

tional training .envirbnment. The collection. of data under

these conditions also had to be .made'on a minimum interface

and non7interfereAcelpasis with the ongoing TAC ACES I

training program. This requirement precluded-the applica-
7 ,

tion of.exp4imental.controls in a Classical sehse,.as fgund

in a laboratory .experiment: As a result, other methods of

control were developed to fUnction within the restrictions
,

imposed to provide some assurance as to the fidelity of the

data collected and to minitnize'the effect of-undesired

variables. This was accomplished by briefing each new Chief

IP -(CIP) 'as to the mandatory adherence by IPs and students

to the approved TAC ACES I Trainihg Syllabus. A form was

developed and completed after each traihing'classi certify-

ing to the adherence to the TAC APES ITraining Syllabus,

fidelity'sof the air combat simulator performance, and per-
.

formance accuracy of the software and computer hardware.

Data collected from TAC ACES I students prior to this study

did not havethese.controls<'

19
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TA /kES;I'Studentt in the study w ere not aware

the_GSI Validation tudy and the purposes, of data collect o

Individual pilot.performanCe data were coaleated on 14,9ndayl
-4..

and Friday of the training week and,during the "Tuekey.rie

Shootg eiiminptioncontestr.after completion of the. formate

training program. Inaddition;'performanc6 data were
collected. for four of the' 12 classes on Wednesday of the
training week. The studentS-were alsd required to complete-

a'backgrbund quest2onnaire.and an end-of-course critique. .
'Dile existing questionnaires rre modified to.obtain age

group and combat-experience data. The Chief Instructor

Pilots (CIPs) ,f4loor, the TAC ACES program were 'required to pre-.

dict each student'S performance in the turkey .shoot contest.

- As each class completed the formal training program, the.CIP
-4*

was required to rank-order that classof students as to

their per ceive standing at the .completion of the turkey

shoot'eliminat on contest. Simulation or other

syllabus werealso recorded as a part

-collection task to aid in the identif4ation of

the data sets.

training
ti

of the data

outliers in.

All of the student pilot 'Performance data were recorded
V.

on magnetic tape. All other data from students' background,

course critiques, and CIP rankings were

adapted to or 1.-nerated for the study..

the studdilt pilot performance data were

recorded on fair

In addition, a of

produced on hard

copy printouts for verification and preliminary analyses.

The formS developed wild used in the study are included

in Appendix B. The TAC ACES Training Syllabus and the

turkey shodt.competition rules are included in Appendix.

Mathematical descriptions of the scoring computations for

each weapon gimulated in the stu

the Flying Training Division of

,ce...Laboratory.

20
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` T
II. OBJECTIVES

W
N %

4. 4'
TItie scope of.thi.inVestigatibn'is lifted, to the-. !"

optimization and lialiditiOn, o,f, the GSI' System. The 'primary

product is an assesdment.of'the,c.ipabitities,and limitations

e of the GSI scores-as indicators of.pilot Air Combat Maneu-
,

4

vering (ACM) skill and the determination, of the utility of

GSI scores as predictors of pilgt performance in free-engage-
,

ment turkv shoot competition.

;

. .

Derivation of Optimal Models

The.empirically derived Gpi was statistically valida-

ted to itS'predictivg capability by the useof statistical

analysis technique's.- .'improved GSI prediCtor ing'the

four subjectively S'elec'ted parametersof the empkrical GSI

was obtained by discriminant analyses. ,A further'improved

GSI predictor was derived from the expanded list, of availa-

ble candidate predictor Variables and variable selection
.

techniques. These improved predictors were validated with

data acquired #rom classes outside the experiment: Confi-
.

dence intervals on the predictors were prOvided. Further,:

standardized discriminant functions were provided to identi-

fy the relatiire contribution 9f each parameter in the de-
,

rived predictor equation(s). Student pilot background and

subjective data obtained from questionnaire formg were input

with objective data _to obtain optimal. predictor models.

21



Comparison With Expert Opinion

.
A.

. .

Subjective rankings of student pilots were, obtained

from,-Instructor Pilots and compared to the derived.GSI

predictors and. the,. actual pilot rankings obtained froM

turkey shoot 'results. These interrelationships were'des-

cribed rol the.use of varianc e/. co-

varianc matFixes.

correlation

`Correlation With Previous

4r-

Data

and

Data from classes undergoing training Prior to thiS4

exPerimental study:were use0on a random selected basis to-

obtain measures of GSI prediction accuracies. 'These in-

yestigation8 are- necessarily limited 'to the GSI as deter-.

mined from-the four subjectively selected parameters, since,

other objective data were not on Tile.

Reliability of GSI Scores

The reliability of the GSI was determined by calculat-

ing,confidence intervale,pf predictions of turkey shoot rank

and corresponding confidence levels of the degree of,!cer-

- tainy of the predicted value.

0
P

'"EdUmetric-and.Psychometfic Measurement

A measure of:learning-effects was obtained by statis-

tically analyzing data from four classes specifically struc-

tured to obtain three scoring periods for each student pilot.

Measures of individual and group learning were statistically-
.

derived as a function of time in training. These learning

rates were compared .to student pilot performance, data.

22
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III, )ANALYSES

tr

The GSI Score was computed from data acquired during
the TAC ACES Itraining of each class, normaly on Monilaky-
-and Friday., During the GSI Validation Study,, a third `;set

---
of GSIdatS was collected on Wednesday for four of the 12
classes involved. GSI data are recorded nominally against

five canned targets; generally, two of the five are cine-

track and the remaining three are head-on.

The equation defining GSI is,

GSI = 4.6 (70- MILERR) + 0.86(PANd)+(0/D-35)+0.5,(180-TTFK)(1)

where: .

MIL ERA- aveeage mil error over two cinetrack

runs while R .< 3,000 ft.

PANG _-average percentage of engagement time in

pointing angle advantage, R < 3000 ft.;
m over two cinetrack runs.,

0/D - average ratio of offensive to defensive

time against the head-on targets. Offen-.

sive time is the time the target aircraft

is in the front hemisphere of the piloted

0 , aircraft.

TTFK *average time to first kill (second?) from

beginning of run until student achieves

first kill against head-on targets with g

or heat missile.

The GSI Score itself is intendedto have a possible

range between zero and 1,000. Also, each of the four compo-

-% nent scores was originally intended to contribute equally to

the index itself. Scaling factors were adjusted from time

to time as experience was gained and when an adjustment was

considered appropriate. The equation for GSI given above

contains the scaling factors used over the data collection

period of this study. MIL ERR, PANG, O/D, and TTFX are
?

23
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referred to as the GSI component scores or component

Nariables in this report.

Statistical Analysis of GSI Data

The statistical analysis of the baSic Mon y a4d Fri

day GST.scores and the four GSI component scores-collected

over the 12-cla8S experimental period is presented in this.

section.

HiStograms of the GSI scores and the'four GSI compO-

nent variables (part-scores) are provided in Figures 2

through 6. These show the general distribitional Okapes of

each variable. The hiStograms fOr Monday and Friday for

each score are provided on the same page to-facilitate

Visual comparison.. In general,. the distributions improve,

froM Monday to Friday (increae or decrease as appropriate)

and the sample standard deviations become smaller.

Scatter diagrams for'GSI and GSI component variables

for both Monday and Frid47"kre presented in Figurd0 7

through 11. The Y-variable used to construct these:scatter

diagrams is turkey shoot rank. Turkey shoot winners are

ranked one, runners-Up are ranked two,. third eliminators,

always receive - a rank Of 5.5, and first eliminators are

generally ranked 7.5. f:11 visual examination of these scatter

diagrams reveals no apparent trends.

Early inthe analysis, a second candidate Y-variable.
. .

,

was considered to be of possible interest. This was frac-

-tional wins, defined as the ratio of turkey shoot winsto

the totalnumber of engagements for a given student as
,

cated on the double. elimination tree used to score the

turkey shoots. Correlation coe-f of the four-GSI

component variabXes to turkey shoot rank and fractional,,wins

for both Monday and Friday data are shown in Table 1. The

presentatipn is constructed so that the correlation

24
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. TABLE 1 - GSI CORRELATION COEFFICIENTS

MONDAY
T.S. AVG.MIIs % OFF
RANK ERR ANG TIME TTFK

.

---".,T.S. RANK. 1 .1254 -.1318 -.0270 .1512

AVG.MIL.ERR. -420--0 1 . -.0891 -.1915
....,..... N

.1650
.

d% 'PANG .0313 -.3071 1

.0007

i .2107 -.2868--,..

% OFF TIME -.2761 -.0951 4 -'.5430

TTFK .2817 .0559 -.1557 .6052 1

FRIDAY

MONDAY
FRACT. .Avg.4.gr, 4 OFF. ...

-

'WIN ':' ERR % PANG.:, -TIME TTFK

FRACT. WIN. 1 -.1355v .1759 .0261 -.1218..
.. -

AVG.MIL.ERR. -.0083 1 -
...._

.0891 -.1915 .1650
% PANG .0289 .-.30;]>>--1 .2107 -.2868
% OFF TIME .2866 -.0951 .0007 '--1 -.5430

-....,.,_

-.748 .059 -.1557 -.6052 1
-,,,

TTFK

FRIDAY

.35 4O



coef,fiCients for Monday data are shown above the main dia-

gonalgonal of each matrix and for Friday data are below the main

diagonal: As can be seen, relatively strongcorrelationth

4xist among the,compcnent variables indicating non-zero co-

variances and thus laCk of independence, i.e., possible

significant multicolinearities. correlations between the

component variables and turk'y shoot rank and fractional

wins are also seen <to be very_weak. Various regression

analyses using appropriate variable selectiagn techniques

and ridge regression were alsoconducted as part of this'

study, Predictive capabilities of these regression models

were found to be very poor. Th s is what might be expected

in view of the scatter diagram provided.

In an attempt to determine significant sources'of

variation within the data, five three-way 'analysespf

Variance were 'conducted, for GSI and.the four component

variables. The three sources of variation investigated,

were

(a) variation between days. (Monday and Friday),

(b) variation iltween turkey shoot ranks, and

(c) variation , between the classes which- contained

eight students.

Table 2 shows the results of the analysis of the GSI

scores. It was found that very significant differences

exist between Monday and Friday GSI scores (The risk of

error in saying a significalit difference exists when in fact

it dos not is less than one percent), implying, of course,

that if GSI measures group. learning, a-significant increase

occurs over the five-day' class period. This is discussed in

detail in the section.on edumetrics. The other significant

source of variation (also significant at the.one percent

level) is between classes. It was preferred that significant

differences betWeen clasSes would not occur, as this
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.TABLE 2 -.ANALYSIS-Or. VARIANCE CSI SCORES

SOURCE OF
VARIATION SUM OF SQ. DF MEAN SQ. F'TEST

-
BETWEEN
DAYS 997,335

.,
1 .997,335 51.1

**

BETWEEN
RANKS 58i630 3 19-,543 , 1.00

BETWEEN
CLASSES

655,204

,J5

81 900r '4.20"

RESIDUAL 2,557,437 131 19,522

TOTAL .4,268',606 '143
.

.

.

,

.

* *

significant at 5% level

significant at 1% level
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could tend to mask differences between ranks, as exhibited

in the data,, if they really existed. Conversely, it was

desired that significant differences between GSI scores by

rank should occur. These differences did not occur, and

this provides evidence as to why the initial GSI score is a

relatively poor predictor of turkey shoot rank: Figure 7,

which shows scatter diagrams of GSI scores versus turkey

shoot rank, provides graphic evidence as to why significant

differences between GSI Score and rank do not' exist, or at

least; they cannot beidetected from these data.

Tables .3 and 4 p'resent the three-way analysis of

variance tables for the GSI component variables. For the

/ component, variable average mil error, significant differ-

ences between ranks appear to exist at the .l percent confi-

dence level, but no aifference is evident between days. TL

difference, is detedtable between classes at the 5 percent

level.

For the component variable percent PANG, significant

differences are _evident at the 1 percent level. There is no

evidence of significance for variation between ranks. For

the component variable, offensive time, significanre be-

tween days are detected at the 1 percent level. No differ-

ence6 appear'to exist between ranks or classes. For the

component variable TTFK, significant differences are de-
.

tected at. the 5 perceht level between days and between

ranks. Differences are not-evident between classes. -Table

5 summarizes the finding of the analyses of variance per-

formed of the four GSI component variables.



TABLE 3 - GSI COMPONENT ANALYSIS OF, VARIANCE

ANALYSIS OF VARIANCE - AVERAGE MIL ERROR

SOURCE OF
VARIATION.. SUM OF SQ. DF . MEAN SQ. F TEST

BETWEEN-
DAYS

'I
152.11 1 152.11 .51

BETWEEN
RANKS 4,567.06. 3 1,522.35 5.15**

BETWEEN,
CLASSES

.

5,568.72 8 696.09 2.35*,

RESIDUAL
t

38,764.33 ; 131 295.91
.

,

--...--/

TOTAL. A49,052.22
.

143
,

ANALYSIS OF VARIANCE % PANG

SOURCE OF
VARIATION

,

SUM OF SQ. DF MEAN SQ. F TEST

BETWEEN
DAYS %,.,871.1 2,871.17 24.5**

BETWEEN
RANKS 356.08 118.69 1.01

BETW
ES 1 4,114.25 (.

.

514.28 4.38**

RESIDUAL 15,971.44 131 117.34

TOTAL 22,712.94 143

significant at 5% level.'
** significant at 1% level

39 4 4



TABLE 4 - GSI COMPONENT ANALYSIS OF VARIANCE

ANALYSIS OF VARIANCE - % OFFENSIVE-TIME

SOURCE OF
VARIATION SUM OF SQ. DF MEAN SQ. F TEST

1wv
BETWEEN
DAYS 6,696.69 1 6,696.69 47.2**

BETWEEN
RANKS 274.25 3

.

91.42 .64

.

BETWEEN
CLASSES 1,332.47 8

.

166.6 1.17

RESIDUAL 18,600.56
--..

131 1414.99
,

ws..
TOTAL. 26,903.97 143

ANALYSIS OF VARIANCE - TIME TO FIRST KILL

,SOURCE OF.
VARIATION.

SUM OF SQ.

.

DF MEAN SQ, F TEST
..,

BETWEEN
DAYS

19;113.07
,

1 19 113.07
7-4

23.2 * *.

. ....

5.35**
BETWEEN
RANKS

13,215.75 3 4,405.25
.

BETWEEN
CLASSES 10,873,.01 8 1 3 13 1.65

RESIDUAL 107 942.50 131
.

823.99
.

/-
TOTAL 151,144.33 143

significant at 5% level
significant at 1% level
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. TABLE 5 - SUMMARY OF RESULTS OF ANALYSIS OF
VARIANCE OF GSI COMPONENT' VARIABLES

SOURCE OF
VARIATION MIL ERR % PANG % 0/B- TTFK
BETWEEN'DAYS - ** ** **

BETWEEN RANKS *..
%.

- - 1 **

BETWEEN CLASSES * ** - -

4

* significant at 5% level

** significant at 1% level

A .Comparison of the GSI Predictor

This section presents a comparison of the best predic-
tor using the GSI Score as definediWthe beginning of the
study with random selection and with CIP predictions (CIPPs)
made jest prior to the turkey shoot Compari-
sons were made at four leVers of dgtail as to the outcome

//of the turkey shoot' (These level of detail are carried
throughout the remainder of the study). The four levels are
defined as follows:

1. Fours Groups - Proper, placement into the proper

turkey shoot quartile, i.e., 1 or

2 in the first group, 3-4 in the

second group, 5-6 in the third group
and 7-8 in the fourth group.

%%-
'2. Upper Half Proper placement of students in the

of Class -
top four turkey,shoot ranks in those

ranks,,i.e. 1, 2, 3, 3.5 or 4 in

these ranks.
3. Winner and - PiOper placement of the winner

Runner-Up -
runner-up in the winner/runner-up

group.

41 46.



4. Proper identifitation of the..

actual turkey shoot winner. a..-

The results of thiS Cbmparison are provided in Table 6.

Note that CIPPs were not made for)the first few classes

of the experiment; thus, only 67 out of a possible 90 CIPPs
4

welm'Made. The random selection probabilities were deter-
.

mined under the assumption of independent random assignment

of students to r ey shoot position. For.example, these

are eight possible ssignments of outcome to the turkey .

shoot position. ne of these positions is tyre sinner posi-

tion; another is tie runner-up position; two are third

eliminator positions, etc. Thus,' the probability that A

given student will be assigned the winner position, given

I:hat his assignment is at random and independent of all

other assignments, is one out of eight or 12.5 percent.

Similarly ,4k the grouping being considered is winner and/or

runner-up, there are two out af eight possible assignments

in this group. Therefore, under the same assumption, the

probability that a given student will be assigned to the

winner and runner-up grouping is two out of eight or 25

percent. Similar logic is used in determining the probabi-

lities associated with the random assignments to the other

two ,groups.

Four entries are provided for CIPP. and GSI ranking

predictors for each of the four groupings. These provide

basic data on the actual predictions. For example, for

CIPP and the "four groups" grouping, the CIPs properly

placed 21 out of 67 predictions in the correct groupings

(1 -2, 3-4,-5-6, or 7-8) ;. thus, 21 of 67 or-31.3' percent

were correctly classified: Ninety-five percent confiilbnce

limits were calculated using these data and were determined,

4.
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',TABLE6

A COMPARISON OF FRIDAY GSI RANK PREDICTIONS
WITH CHIEF INSTRUCTOR PILOT (CIPP) AND

RANDOM SELECTION

GROUPINGS

FOUR GROUPS
(1213-41
5-6,7-8)

. NO.CORRECT
PREDICT.

. TOTAL NO.
PREDICT.

. % CORRECT
PREDICT.

. 95% CONFI-
DENCE INT.

GSI
RANDOM RANKING
SELECT. CIPP (FRI.SCORE)

21 26

67 90.

25$ 28.9%

20.2,42.5 19.5-38.3

UPPER HALF
OF :CLASS
(1,2,3 -4)

..
(
NO. CORRECT. - 24 27
PREDICT.
TOTAL NO. - 34

_....,
46

PREDICT.
...

A CORRECT 50%' 70. 58.7%
PREDICT.

. 95% CONFI- - 55.2-8 .9 44.5-72.9
DENCE INT.

WINNER &
RUNNER -UP
(1 2)

NO. CORRECT -

PREDICT.
TOTAL NO.
PREDICT.
% CORRE 25%
PREDI
95% CONF I-
DENCE INT.

6 ,

17 23

35.3% 39.1%

12.6-58.0 19.2-59.1

WINNER
(1)

NO. CORRECT
PREDICT.
TOTAL NO.
PREDICT.
% CORRECT
PREDICT.
95% CONFI-
DENCE INT.

12.5%

1

11.1%

0 -31.6

3

12

25.0%

0144.5
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. to be 20.2 peen't and 42.5 perceriti. _Thus, over the long

/
runi 95 percent of. the CIPPs can be xpeced to be betigen

20.2 and 42.5-percent correct. Similar informationdsprb-
vided for the other CIPP and the GSI ranking'prediators.

. Each CIPP and GSI rankn4 Predictioxi was subjected

to a test of the hypothesis that it.isjequal to or4better

than eandom,selection The CIPP-f51"Ahe upper half of the

turkey shoot was found to be significantly better than ran-.

dom selection at the 5 percent tonfidence level. The GSI

ranking predictor was fOund to be significantly better than

random selection for winner and runner -up also at the 5'

percent confidence level. All other predictions were found

not to be significantly different from random prediction at
Ade" the 5 percent level. Table Tpk-ovides_the levels of signi-

ficance at which differences woulcibe assumed to exist.

LE 7 - ?PROXIMATE RISK ftVEL AT WHICH
DIFFERENCES-CAN BE ASStTMED TO EXIST

GROUPINGS 'CIPP GSI RANKING

FOUR GROUPS 15% 18%

UPPER HALF 5% 13%

WINNER & RUNNER-U2 ,26% 5%

WINNER 36% 20%

lOstle & Mensing. Statistics in research, (3rd ed.). Ames: -
Iowa State University Press, 1975, 100-101.

2
OStle & Mensing. Statistics in research, (3rd ed.). Ames:,
Iowa State University Press, 1975, 129-133.
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Thus, to this point' in the Analysis, it can be con-
.

cluded that CIPPs can classify students4as to whether or

not they will finiascin the.upper half of the turkey shoot
wit about 55,.to 86 ,percent accuracy while a imple GSI
ranking scheme can correctly predict turkey shoot winner'4,

and runner-up classification.about 39 percent of the time.

For other predictioris investigated, the two predictors_

appear to/be no better than random selection. The data in

Table 6 will be carried forward for comparison-with more'

sophisticated predictors developed from the expanded'data

sets acquired from the master data base, and through theuse
of discriminant analysis.

The Discriminant Analysis - A Discussion of the Analysis
i)erformed u

6

The GSI scores, the GSI component variables, the.expan-

ded set of candidate predictor variables, and the demogra-,

phic data were sUbjected,to a series of discriminant analy-

ses using the sub-program DISCRIMINANT available as;paTt of

the SPSS packlge3. The capabilities of this program were

useful in the development of predictor equations from the

available data. The purpose of this analysis was two build,

optimal prediction models which predict "turkey shoot" rank

from data collected during the 12 'specified TAC ACES I

classes; The models derived used the Wilks' Lambda variable

selection criteria to select the best candidate predictor

variables from those available. The models derived are

optimal within the constraints of the analysis but are not

necessarily maximal. A maximal predictor model could only

be achieved if all possible.models were considered.

3
Nie. Statistical Packa e for the Social Sciences (SPSS),
(2nd ed. . New York: McGraw Hill, 1975, 3 -46 .
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Discriminant analysis begins with the desire to sta-,
4

tistically distinguish between two or more defined groups

using informatioh avaiLible from sample data. It was de-

sired.to predict turkey shoot winners using data collected

1by the simulator computer from each student during the nor-
*

a also from guestionnaires,mal

The

course of his traini

groupings oflW interest were defined from turkey shoOt

a In a norma cla of 'eight student pilots-i. there

are always at least ive distinguishable turkey shoot

groupings. These are in order from most favorable to

least favorable outcome: winner- (1.; runner-up (1), third

eliminators (2), second eliminators (2), and first elimi-

/\nators
, .

The primary objective of the analysis was to develop

.-\predictor algorithms for turkey shoot,winners; therefore,
.

the groupings considered were ttructured to investigate the

level of detail at which winners could be predictTdfrom

available data; Winners-can be.defined in severalays.

One winner class is the absolute winner.or undefeated stu-

dent in the turkey shoot.." A second winner. class is the

winner and runner-up. This grouping scheme was used with.,

some limited success in earlier Vought investigations. which

employed Friday GSI as the, predictor variIble. A third

leve,1 of detail is the upper ,half of a ilass as determined)

by the turkey shoot competition. /In all, four different

grouping schemes were defined and investigat These

are as .follows:

1. Winners (Group I) versus all others (Group II) '

2. Winners and ruiners -up together (Group I) versus

all others (Group II)

3. The upper half of the class (Group I; winners,

°runners-gip, and third elimLators) versus the

lower half of the ,glass (Group II: second

,46. 51



eliminators ,and first'eliminators).

4. Four Groupings (Group I: winners and runners-..

up;/Group II: third eliminators; Group III:

second eliminators; Group IV: first elimina-1-
tors )

The analysis was conducted in four
s
parts,. each part

being defined by the candidate/predictor variable set to
be used. The firSt analysis used only Monday and:Friday

. .

GSI scores as candidate predictor variables. This analy-
sis provided a measure of thebest prediction capability
of the GSI itself. Both the Monday and the Friday GSI scores
were presented to DISCRIM as candidate predictor variables.
Thus, DISCRIM was able to select one, the other, or both
GSI scores. As it turned out in the three winner group--

P

ings investigated.in-the first analysis, both GSI scores
were always included. The predictive capabilities-

determined he9owere then used as the baseline or basis
of. comparison, for the. .other three analyses which follotved.

The discriminant an./a-iysis considers more than just
correct classification into-the desired group. Two groups
are defined, one group including the winners, ,and the

other group including the non-winners. It is possible to 4
correctly clasbify most of the true winners but incorrectly ,

classify some relatively large number of snon-winners as
winners. It Must be decided how many non-winners can be

acce ted in the winner 'group. This study found that by
usin dicatbrs more.complex than the GSI Score itself,

it was possible not only tip corrpctly classify Ninners"
-

a fairly large ,percent of the time, but also to greatly

reduce the classification of non-winners into the winner

group,

The analysis began with-the empirically determined

GSI scores as predictor variablles.'. In the second analysis,

47
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..A:

the four component variables lot part scores) from which.

GSI is calculated were used, instead of the'GSI total scores.

The IISCRIM program was then alloWed to select frOm these

eight component variables (four 'Tor Monday and four for Fri

day) the best predictor variables for each of the four

classification schemes. The eightivariablesjare.defined in

Table 8 which shows that DISCRIM w&s selective and never

used all available data tO define the optimal prediction

(classification) equations.

Results of the Discriminant Analysis
c,

-
The resultS of the.four discriminant analyses are pre-

,

Sented. Five pieces of information are provided for each

discriminant grouping scheme: 0

1. A tabulation of group predicted membership versus

actual group membership, `using the 12-class sample consi-
-

dered in the study.

2, The basic optimal classification functions deter-

mined by the discriminant Program., These are presented in

tabular form. The classification functions are used to pre-

di t group membership. There is one classification function

for each defined discriminant group. classify a given

sam e (case), the value (score) for each' classification

function is calculated. The sample (case) is then classi-

fied into the group for which thedlasSification.function.

provides the highest score.

3, Standardized DiscriLnant FunCtion(s) -- In this

study, there is always and less discriminant function than

the number of groups-defined. In.general, the discriminant.

functions can be thought of a the axes of a geometric

space, and thils can be used t study the spatial

i 40
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TABLE 8 MONDAY AND FRIDAY CSI COMPONENT VARIABLES AND
VARIABLE SELECTION BY DISCRIMINANT GROUP

CROUP I Winners; GROUP II hers

a
VAR..
DESIG,

GROUP I Winners &Runners-Up; GROUP II -
Others

GROUPIWinners,E.U..,-6,3rd Elim.;
GROUP II Others

GP. I Win. ,S,R.U.; GP. II .-4rd Elim.;.
GP. III - 2nd Elim.; GP.. IV 1st Elim.

VARIABLE DEFINITION

xl
X2

X3

X4

V.

N

AiTERAGE MILERROP FOR FRIDAY

PERCENT TIME IN PANG FOR FRIDAY

PERCENT OFFENSIVE TIME FOR FRIDAY

TINE TO FIRST KILL-ON FRIDAY (SECONDS)
/

3

X7

X8 X

.AVERAGE NIL ERROR FOMONDAY

PERCENT TIME IN PANG FOR MONDAY

PERCENT OFFENSIVE TIME FOR MONDAY

TIME TO FIRST KILL ON MONDAY (SECONDS).



relationships among the:groups. The standardized dis-

Ycriminant functions'perform the same general functions as

the standardized. (beta) coefficients in.regression analy-

sis. These functions- provide ph easy reference as_to the

relative contribution of each of the selected discriminant

predictor variables.

4. Unstandardized Discrithinant Functions --.The un-

standardized discriminant functions, like the standrdLtedi

!are useful in the des6fiptive analysis of spatial relation-
.

ships among the groups.

5. ,Canonical-Correlation Coefficients of:-the piScri7

Fuhction(s) -- The canonical correlation coefficient

provides, an indication of the relative caiiability of the-

.a.ssociated discriminant: function to_separatedata into

correct groups. value Of one indicates perfect group
.

separation capability; a.value"of zero-indicates total in
'ability to separate grou

The First Discriminant Analysis -'Asse'ssment of the GSI
Scores as,Turkey Shoot Placement. Predictors

The r4Ohlts of the .first discriminant analysis are

"presented ihtilables 9, 10, and 11, where Monday and Friday

GS.I.sco'res.are,the predictor variables. While, in general,
.

membero of the first group <re,,,correCtly classified on the,
- t

oiler, of '60,percent of the' time, manytnon-first group stuff

dents are classifiedincorrectly in the first group. The

lack 'of discriminant power is evidenced by the low va uesp_

of-the'canonical correlation coefficients of the res eative

discriminant fUnctiops, i.e., betwe'dh 0.120.and 0.21
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c
TABLE 9 - GSI TURKEY, SBOOT WINNER PREDICTIONS

PREDICTOR VARIABLES: Monday and Friday GSI Scores
.

ACTUAL GROUP
MEMBERSHIP

NO. OF

'CASES

MEDIC= GROUP MEMBERSHIP.

GROUP I GROUP II
Turkey Shoot
Winners GPI 12 i 8

66.7%
4

33.3%
Turkey Shoot Non-
Winners (Others) GPII. 78

34
43.6%

44
56.4%

57.'8 % OUASES WERE CORRECTLY GROUPED

VARIABLE
CLASSIFICATION

COEFFICIENTS

GROUP I

'FUNCTION

GROUP II

DISCRIMINANT.
COEFFICIENTS

STANDARDIZED

FUNCTION

iNSTANDARDIM
FGSI '0.03907 0.03594 -0.96118 -0.00757

0.0043.7MGSI 0,00400 '0.00581' 0.75773

CONSTANT - 13.77014. 12.55049 2.80178

. .

.,. . .

-

r
_ .

.
. .

.... .

.
CANONICAL CORRELATION OF DISCRIMINANT FUNCTION IS 0.140'

-)

x
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TABLE 10 - GSI TURKEY SHOOT WINNER AND

1.
RUNNER-UP PREDICTIONS

MUMaCTiRWRIAMEZ: Monday and Friday GSI Scores

ACTUAL GRCAJP
MEMBERSHIP

.NO. OF
CASES

PREDICTED GROUP MEMBERSHIP

GROUP I GROUP II
Turkey Shoot
Winners & RunnersGPI

.

23
4.4v

14
60.9%

9

39.1%

T ir , Secon , an
First Elimina- - GPLE
tors (Others)

- 67.
33

49.3%
34

50.7%
. .

.

54>3 t OF CASES WERE CORRECTLY GROUPED

VARIABLE
(-, CLASSIFICATION

..10EPTICIENTS

GROUP I

FUNCTION

GROUP n °
DISCRIINAN.11

COEFFICIENTS

. STANDARDIZED .

FUNCTION

'STANDARDIZED
FGSI 0/103804 0.0396 0.96-359

0'.09485

0.00759

0.00055MGSI-' 0.00596' 0.00581.

CONSTANT -13.85377 - 12.45815 -- -5.02757

,t5

,
.

.

. .

.

. .

. ...

.

.
.

.

.
.

4" e

CANONICAL CORRELATION OF DISCRIMINANT FACTION IS 0.120

A



MBLE 11. - GSI TURKEY SHOOT WINNERS, RUNNERS-UP AND THIRD.
ELIMINATOR' PREDICTIONS (CLASS UPPER HALF)

-rr
PREDICTOR VARIABLES: Mond ay and Fri d GSI Scores

ACTUAL GROUP NO. CF PREDICTED GROUP MEMBERSHIP
MEMBERSHIP CASES GROUP I' GROUP IIT.$. Winners,

Runners-Up and GPI 46 27 19Third Eliminators 58.7% 41.3%
T.S. Second and 19 25First EliminatofsGPII 44 43.2% 56. 8 %

57.8 % OF CASES WERE CORRECTLY GROUPED . .

CLASSIFICATION rtlicnori DISCRIMINANT FUNCTION
VARIABLE COEFFICIENTS COEFFICIENTS

_ .

GROUP I -"GROUP II STANDARDIZE) UNST,ANDARDIZED
FGS I 0.03764 0.03587 0..49739 0.00392
MGSI 0.00759 0.00574- 0.71-398, 0.00412
CONSTANT -14.06189 -12.11746 - 4 . 3 2 19 9

`--------'
.

. -

,

. _

, .

f

' J

CANONIC4 CORRELATION OF DISCRIKENANT ruNciacm is 0.218.
.. , q.

53
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The Second Discriminant Analysis - Statilfdal Derivia-.
tion of an Optimal Four Parameter Predictor - Derives
Optimal Predictors Using the Same Four Parameters of the
Empirically Derived GSI Scores q

-.The results of .the second discriminant analysis, are

presented in Tables 12, 13, 14, and 15. In this analyg-SZN-

t.he eight GSI,component,yariabies (four. for Monday GSI

component scores and four for Friday GSI compdhent scores)

are used'ascandidate predictor variables-(Table 8). The

table for' each q*oup definition 'indicates ;the variables

selected by DISCRrM. For example, X3 and X8 (Percent.

Offensive Time for Friday and Time 'to First Kill (TTFK) for

Monday, respectively) were selected by DISCRIM for inclusion

in the analysis where the 12 turkey shoot winners comprise
. o.the top digatiminant grOup. The predictive-capabilit s of

this. -Analy!is appear to be marginally better than in t e
. .

GSrscore Analysis. The second analysis also investigated

four groupings lquartile ranking) (Table 15). The'sandard-

ized:and unstandardized disCriminaht function coefficients

are also presented in Table 15.

The Third Discriminant Analysis - Statistical Derivia.ktion
of TurkeyShoot Placement Predictor from an Expanded
Objective Data Set.

Th9o.re!ults of the third discrminant'analysis are pre

sented in Tables 16, 17, 18, and 19. Candidate predictor

variables were developed from the complete objective data

set collected during the Monday and Friday GSI scoring

session but, previously not analyzed. The table.for ea..9km

group definitiOn indicate! the predictor variables selected

for the silien grouping scheme. The expanded set' of andi-

:date variables and their definitj.Ons are contained in Table

20. The canonical correlations of the discriminant

4 v.
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TABLE 12 OPTIMAL FOUR PARAMETER TURK,EL SHOOT WINNER
PREDICTORS

PREDICTOR.VARIABLES: Monday and Fr4-clay GSI Component
Variables

ACTUAL GROUP
MEMIMERSHIP

NO. OF
CASES'

PREDICTED GROUP MEMBERSHIP

GROUP I GROUP II
Turkey "Shoot
Winners GPI .12

9 ..

75.0%
3

25.0%

Turkey Shoot Non-
Winners (Otners) GPII 78

32
.41.0.,,'5

46
59.0% 1

61 , '-, OF 'CASES WERE CORRECTLY GROUPED

VARIABLE
CLASSIFICATION

, COEFFICIENTS

GROUP I

FUNCTION

GROUP-II

DI IMI:NANT
...

OEFTICIENTS

STANDARDIZED

FUNCTION

UNSTANDARDIZED
X3 1.25471

.A.4

.0.14417

1.18593

0.13060

0.78341

0.69032

0.09978

0.01968X8

Constant -55.04846 -48.45673 -9.32037

. -

. --

,-e.....e....,,. ,,:-.

.t

_ ......4.......,-,et

----
I

-1

.-
---i

0

.
. .

..41.1

° 4

CANONICAL CORRELATION OF.DISCRIMINANT FUNCTION IS 0 .226

55
60
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ABLE. 13 - OPTIMAL FOUR PARAMETER TURKEY SHOOT WINNER
AND RUNNER-UP PREDICTOR

PREDI VARIABLES: Monday and Friday GSI Component
. Variables .

,

isACTUAL GROUP
teMBERSHIP

NO. OF
CASES

PREDICTED GROUP MEMBERSHIP
2
GROUP I GROUP II

Turkey Shoot
nners & RunnersGPI

I T

Th2-

23
15,

'65.'2%.-

8

'34.8%

-Thii4, Second &
First EliminatqrsGPII.
ni2h.,)

\
29

- 43.3%
38

56.7%

% OF CASE4.WERE CORRECTLY GROUPED41.L,

_ VA:RIME
CLASSIFICATION

COEFFICIENTS

POW) I

FUNCTION

GROUP II

,

DISCRIMANT
COEFFICIENTS

STANDARDIZED

FUNCTION,-

=TA/MARDI=
X1 0.17609 0.20701 -0.74791

-0.45291

-0.04149

-0.04032 .X2 ' 0_42651 0.45655

X4 0.19877 0.21484 -0.51216 - 0.02157

X5 0.00750 0.01261 -0.42452 -0.00686.

Constant -19.45735 -23.34183 5.38022 .

1

.

.---

A

ZL..

. .

.
.

.

man= CORRELATION OF D ISCR II4INANT FUNCTION IS 0.301

11:

56
s i



TABLE 14 - OPTIMAL FOUR PARAMETER TURKEYSHOOT WINNER,
r RUNNE(i-UP '& 3RD ELIMINATOR PRED..(UPPER HALF)

( / .
FREIgcm VARIABLES!' MOnday and Friday GSI Component

..,
-..,;:..,,.. Variables

AC v.! -,,=, ,

ID, c.i.l.,,-..-) r ;r: , i
, ',..^

/NO. OF
,CASES

PREDICTED GROUP MEMI3ERSEEP

GROUP I GROUP II
T.S. Wknne- 77-11. ers
Up & Thirdif ICV-'
m ators eV 4-t.

46
27

58.7%
19

' 41.3%-

T.S. Secon11- -a
First Eliniid?

_,, - _ 44
16

36.4%
2a

63.6%
,.

61.1 i OF CA E5 iitRE. CORRECTLY GROUPED

VARIABLE

-c--

r44STPICATION' COEFFICIENTS

GROUP I ,

FUNCTION

GROUP II

DISCRIMINANT
COEFFICIENTS

STANDARDIZED

FUNCTION

INSTARDARDI72iD
X3 2.23993 2.20200 0.37015

-0.39683

-0.61199

0.04714 -

-0,01671x4 0.60083
.._/

0.61428
X8 0.04012 0.05417 -0.010745

Constant - 109.50150 -110.02942 -- 0.64692

°

i
1

.. .

.

.

CANONICAL CORRELATION OF DISCRIMINANT FUNCTION IS 0.357

r

,62



TABLE 15 - OPTIMAL FOUR PARAMETER QUARTILE' RANK PRE-
DICTORS

PREDICTOR VARIABLES: Monday 414 Friday-GSI Component
-(- Variables

ACTUAL GROUP
MEMBERSHIP;

NO.
OF

rAgr.5

PREDICTED GROUP MEMBERSHIP

GP I ,dP-II -GP-.III GP IV,

Turkey Shoot ' GP I
Winners & Runners Up 23

10
43.5%

5
21.7%

4

17.4%
4

,17.4%

Turkey Shoot 'GP II

Third Eliminators. 3

4

17.4%
. .13.
56.5%

.1

4.3%
5-

21.7 %'

Turkey Shoot GP III

Second Eliminators 23
7

30.4% i
c-- .4/

17.4%
--,' 5

214 %
7

30.4%

Turkey.Shoot f GP IV .

. -

Firlimfliminators :.--4,

?

4

19,0%
3

e7-14:3%
6

28.6
8

38.1%

40 0 % OF CASES'WERE CORRECTL DGROUP

VARIABLE
CLASSIFICATION

GROUP I

FUNCTtai

GROUP II'

,..i,

''GR

COEFFItIENTS

GROUP IVUP III

X1 0.14229 0.18733 0.16523 0.144'52

X3 1.26789 1.27884. :u. 1.2383k 1.17700

X5 0.01537 0.02250 0.01595 0.02.180

X8 0.10084 0,082.84 0.107.68 0..10920 .

-%..-..

_cp3istant -53.39603 -53.99324 -52.95479. -48.69345

,

...

ti
A

". 58

6:?



TABLE 15 (CONT.)

DICTOR VARIABLE SET: Monday and Friday GSI Component
V14Variables

,

VARIABLE STANDARDIZED

FCN. I

DISCRIMINANT

FCN. II

FUNCTION

FCN. III

COEFFICIENTS

UNSTANDARDIZED-

FCN. I FCN. II FCN.` III

s ,
o 4 : a_u251

-0.06911

20.04907

0.00703

0.00606

x3 -0.5 '20 - 0.54261 -0.05719 -0.06587
X5- -0.10.05 0,60537 0.49927 -0.00175 0.00978
X8 0.69680 0.14693,- 0.57239 -0.01487 -0.00419 -0.01632

CONSTANT -- -- -- 3.21251 3.93242 3.63354
.

.4.

CANONICAL '

CORREL. 7).427 0.281 0.162

.

.

I

.

,

59

64
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.TABLE 16 - EXPANDED OBJECTIVE PARAMETERS TURKEY SHOOT
WINNER PREDICTORS e

PREDICTOR VARIABLES: Expanded Data Set (Without Demographic
. Data)

ACTUAL GROUP
MEMBERSHIP A

_NO. OF'
CASES ,

PREDICTED GROUP MEMBERSHIP.

GROUP I GROUP II
Turkey Shoot
Winners GPI 12

10 ,

83.3%
2

16.7%

Turkey S oot
Non-Winners ,GPI
(Others)

77
9

11.7%
'N,

68
88.3%

'87.6 OF CASES WERE :ORRECTLY GROUPED

VARIABLE
CLASSIFICATION

COEFFICIENTS

GROUP I

FUNCTION

GROUP II

.......=.mm......

DISCRIMINANT
COEFFICIENTS

SMANW§DIZED

FUNCTION

is
UNSTMUMRDIVED

M8 0.00575. 0.00755 0.23698

0.32092
[

-0.00063

0.01511M12 0.86869 0.82532

M16 . 1.58034 1.19862 ' 0.1555 0.13295

M29 0.18453 0.23185 -0.21587 -0.01648

M32 0.0 928 0.02361 0.82497 0.00197

'F11' 1.3 074 0.61329 0.80084 0.27081

F18 O. 5870 0.16967 -0.38896 -0.03865

F22 - 0.10910. .72217 -0.74'115 -0:28957-

F23 0.15750 0.09483 0.45025 .0.02183.

F27 4.35721 4.77215 -0.20194

0.19126 ,

_
-0.14455

0.01452

-0.20297
F29 .. 0.35718 0.31550

CONSTANT -118.97914 -116.51265

r

i

g

. ;'Z.. t Ilk 7.i'A

_

CANONICAL CORRELATION OF DISCRIMINANT FUNCTION IS 0.617

//-
I

60
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TABLE 17 EXPANDED OBJECTIVE PARAMETERS TURKEY SHOOT
WINNEi AND RUNNER-UP PREDICTORS

PREDICTOR VARIABLES: Expanded Data Set (Without Demographic
Data)

' ACTUAL GROUP
MEMBERSHIP .

NO.- OF
CASES

PREDICTED GROUP MEMBERSHIP

pup I GROUP II,
TUrkey Shoot
Winners and GPI
Runners-Up

S

23 19
82.6%

4

17.4%

Third, Secbnd,
and Firs Elimi-. . GPII
nators hers '

66
6

241.2%

,,,----t,.

78:50)..8%

77.5 .% OF CASES WERE CORRECTLY GROUPED

VARIABLE
CLASSIFICATION

CIDITFICIENI'S

GROUP I

FUNCTION

GROUP II

bISCRINECNANT

COEFFICIENTS'

STANDARDIZED

FUNCTION

IUNSTANDARDIZED
M10 0.02022 0.02543 0.18801

-0.19653

-0.0030.2

-0.00012M14 0.00224 0.00245

1v124 : 0.38942 0.43126 -0_28432 -0.02427

M29 0.13310 0.17617.. -0.32723', -0:02498*
M32 -0.00597 -0.00758 0,39114 40.000.94

F18 0.42068 C.512216 -0;53455 -0.05311 ,.

F27 -5.90280 1 6.4062$ -0.40'832 -0.29227
F29 0.12566 0.05530 0.53757. 0-040$0'

CONSTANT' -54.43753 - 64.8243`7 6,15123

,

.
.

1

i.cmcldrAL CORRELATION OF DISCRIMANT FUNCTION IS 0-542
A

..

40

61



TABLE 18 - EXPANDED OBJECTIVE PARAMETERS TURKEY SHOOT
WINNERS, RUNNERS-UP AND THIRD ELIMINATOR (UPPER HALF) woo.

.
PREDICTOR VARIABLES Expanded Data 'Set (Without Demographic

. Data

.
ACTUAL .GROUP
MEMBERSKIP

NO. OF
CASES

PREDICTED.GROUP MEMBERSHIP

WWI GROUP II

T.S. Winners,
Runners-Up awk .GPI

Third Eliminators'
46

36
-78.3%

10
21.7%

T.S. Second and .

First Elimina- GPII
tors

43
10

23.1%
.33
76.7%

77.5 -% OF. CASES WERE CORRECTLY GROUPED
.

VARIABIE
CLASSWICATION

ZOEFFICIVITS

GROUP I

FTJICTIONNCTION

GROUP II

,

DIMIIIMMANTFUNCTION
. COEFFICIENTS

STANDARDIZED UNSTANDARDIE10

M4 -- 0.02266. 0.02134 -0.22960

0.27909

"-0.00068

0.04063M20 0.:511 0.59123

M25 0.0890 D.05773 -0.?7943 -0.01603

Fl 20.40007 21.28377 0.30075 0.45352

-4'18 0.21914 0.31037 0.47031 . 0.04673

F25. 0.1200 0.09632 -0.25523 -0.01216

F29 - 0.01772 --0.'0432 - 0.410,56 -0.03116

F30. -0.56101 0.59603 0.30273 0.59262

CQNSTANT - 126.35294 -131.05737 -2.39923
.

.--,

..

q a.

..

. ,

comacig, CORRELATION OF DISCRIKINANT MOTION IS 0.616_
4

.1
,---

62
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TABLE 19 - EXPANDED OBJECTIVE PARAMETERS QUARTILE
RANK PREDICTORS

PREDICTOR VARIABLEg: Expanded
Demographic

Data Set (Without
,

Data)

ACTUAL GROUP
MEMBERSHIP t. -

NO.
OF

ppisp;

PREDICTED GROUP MEMBERSHIP

GP I GP II 41P-III GP IV
Turkey Shoot GP I
Winners & Runners Up 23 14

69.9%
4

-17.4%
2

8.7%

sa3

13.0%

Turkey Shoot GP II.
Third Eliminators 23 4

17.4%
13

56.5%
3

13.0%
-3-

13.Q%

GP IIITurkey Shoot
Second Eliminators 23 5

21.7%
3

13.0%
12''

52.2% '13.0%
...4-,

'GP,IV,114 Shoot11
'rst Elimipators 20'

1

5.0%
0

0.0%
'2--

10.0%
17

85.0 %.

62.9 % OF CASES RE CORRECTLY GROUPED
',.......

VARIABLE
CLASSIFICATION

GROUP I

FUNCTION
.

.

GROUP II \

COEFFICIENTS

GROUP III

0.4252/4410

.

GROUP IV

0.32973M9 0.39080 .0.43457

Mll -1.09244 -1.19695 -0.84949 -1.27048
M22 3.76039 3.83710 3.54577 4.03881
M25 0.05883 0.07826 0.04751 0.05261
M32 -0.00712 -0.00953 -0.00784 -0.00910
Fl 23.15227 22.54955 2'3.1344 24.77510
F16 1.25992 1.56965 1.20116 1.6,1926

Fif ' 018089 0.42928 0.49G87 0.49089
F23 *10.32194 0.29975 0.32001 0.28426
F25-.. 0.23929 0.24372 0.21273 0.24954
F27 , .0.43905 1.20003- 0.7i 4263

A
0.40397

F29 -0.04349 -0.07499 -0.06826 -0.20159
CONSTANT -134.68774 -140.15710. -139.95496 -147.62793

,

.

63 68'
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TABLE 19 (CONT.) EXPANDED OBJECTIVE PARAMETERS QUARTILE
RANK FUNCTION_COEFFICIENTS:' °

PREDICTOR VARIABLE' .tT; Expanded .Data Set (Without. Demographic.:
Dat,a)

--!--\

VARIABLE STANDARDIZED

FCN. I

-DISCRIMINANT

FCN. II

FUNCTION

FCN. III

COEFFICIENTS

UNSTANDARDIZED

FCN. .I FCN. II ''FCN. III

M9 0.29372 9.061509 0.50531 0.02,840 0.00629 0.04886

M11.° 0.27379 0.72985 0.13650. d.07219 0.19405 0.03629

M22 - -0.2848'4 -0.44215 -0.17302 -0.11116 -0.17255 170.06752

M25 .0.07615
6

-0.33074 0.24529 0%00322 -0.01398 0.01037.-

M32 0.21123 0.27Q740 0.52465 0.00051;,0.00066 70.00126

Fl -0.43789 e0.1)8832 -0.47683- -0:66 3,3 0.13319 0..71904

F16 -0.22091 -0.35071* 0,19407' -0,11 32 -0.17990. 0.09955'

F18 -0.31037 0.38222 0.35250 -0.0304 0.0379.8 0,03503

F23 0.25134 0.20717 -0:12811 0.01219 .010,4 -0.00621

. F25. -0.10654 10.37477 70.13307 -0.00508 -0.01786 -0.00634.

F27 0.12900 0.17522 0.77547 0.09234 -0,12542. 055507
4

F29 0..7.2779 0110283 0.10076 0.05524 0.00780 0:00765

CONSTANT -- 3.90265 -0.10029 -2..19164

CANONICAL .

CORREL, 0.647 0.529 0.440
.

0

(
oa

et,a-,

. ,

. .
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TABLE, 20 - CANDIDATE OBJECTIVE PREDICTOR VARIABLES

DESIGNATION DESCRIVTION
F29 HIT/MISS H -MISS SCORE HON (H*(H+M)/HON)'
F12 *TIME TO FIRST KILL (SEC-AVG/HEAD-ON)
F17

1 TOTAL NO HITS HON (HITS/HON)
F04 TOTALATEL USED (LBS. AVG/HEAD-ON)
F06 *PERCENT-OFFENSIVE TIME (% AVG HD N)
F18 TOTAL TIME IN H-MIS ENV CTR-(TIME/CTK)

' 6F01 - MAX 'S JMAX/SERIES)

V3 50
TOT.!'' IN pUN-ENV. HON (TIME/HON)
HITIMIM R7MIS SCORE HON (h*(H+M)/HON)

M17" TOTAL 440, HITS HON (HITS/ ON)
.

F09 TOTAL TIME SR LT 1500 (S0.7.AVG/CTK)
. M32 HIT'/MESS GUN SCORE (11*TOTAL RDS. /HON)

M12 4- ., -,4,.1.,. IME'TO FIRST .KILL (SEC-AVG/HEAD-ON)
Thi,? U.*7 ''''SPREADe1Ne*61* V.7 Als G)

..F.:3"',::., .:, c VliIM1'S&CIN,SCORE .(H*TOTAL RDS/HON)
FO ,TOTAL ROUNDS FIRED (Nd. ,TOTAL/HEAD-ON)
M13 *PERCENT TIME,IN PANG (% AVG/CINETRACK)
F22 TIME TO 'Gp:0%;ENVE @PE CTK .(TIME/CTK).
F23 TIME TO ViNrEN LOPE HON (TIME/HON)
F02 NO. TIMES OVE G .(TOTAL SERIES)

.

Mll TIME'TO.PANg.'(8EC-A i,VG/CINETRACK). d

MO9 TOTAL TIME. R LT 1500 (SEC-AVG./CTK)
F31 HIT/MISS GUN SCORE (H*TOTAL RDS/CTK)
M10 *AVG.- MILL ERROR SR LT 3000 (MILS ,VG. /.

CINETRACK)
M25 TOTAL TIME'IN GUN ENV. HON (TIME /HON1
M16. TOTAL NO. HITS CTK' (HITS/CTK)
Fli TIME TO PANG (SEC-AVG./CINETRACK)
F30 HIT/MISS R-MISS SCORE HON (H*(H+MI/RON)
F20 TOT TIME IN R-MIS ENV CTK (TIME/CTK)
F19 TOT TIME IN H-MIS ENV HON (TIME/HON),
M22 TIME TO GUN ENV CTK (TIME/CTK)' :
M26 . TOT. TIME IN R-MIS ENV CTK (TIME/CTK)
M29 HIT/MISS.H-MISS SCORE HON.,(H*(H+M)/HON)
F03. TOTAL FUEL USED (LBS.AVG."/CINETK)
F16 TOTAL, NO. HITS CTK (HITS/CTK)
M24' TOT TIME IN GUN ENV CTK (TIME/CTK)
M04 - TOTAL FUEL USED (LBS AVG/HED-ON) .

M14 DELTA. .gNERGY STATE CTK (INIT-END/CTK).

MOB' TOTAL ROUNDS FIRED (NO. TOTAL /HEAD -ON)
M31: HIT/MISS GUN SCORE '(h.* TOTAL RpS/CTK)

Variables used to compute GSI scores.,
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TABLE. 21 EXPANDEp OBJECTI7DAP1.USDEMOGRAPit1e Via-AMETERS

TURKEY, SHOOT .Wri,.ER PREDIcTCYRS

,
PREDICTOR VARIABLES: Expandeu S4,t_ incj,aaing Demographic .

Data

ACTUAL GROUP )

MEMBERSHIP
'No. OF

GASES

PREDICTED'GROUP MEMBERSHIP

GROUP I GROT.I.T.

',1:urrsel Shoot'
Winners , GPI 12

10
., 4 3 . 3. , lb .7,

furkey Shubt ,...Ion-
"0/inner (Others) GPII 77 11.7.

ub
86.3.

87.0 > OF CASES WERE CORRECTLY GROUPED

VARIABLE
CLASSIFICATION

COEFFICIENTS

G7OUP I

FUNC TION' °

GROUP II

DISCRIMINANT
COEFFICIENTS.

STANDARD=

FUNCTION

UNSTANDARTIM

D5 0.00135
__________ ____

i 6.00331

.0.09062

-- 0.00010 0.2621:2 0.0 ))11

.00070P18 -

.______,_ _ 7

0.00535 0,_2_6_5.0,"

M2) - 0.02737 0_ 0.02181

M32 0.00116. - 0.00291 -4.00142.

rii j 0.98447 4-1,-
,

-0.28314

Flu I 0.64778
4

35 9

=0.68967

0.03568

0.27011
4-0.02411
-0.01252
-0t1 7260..

a Fig' Q )583
0.2013;F22 - '..

U.69227
-0.49723F23

.....

.1241, . :-.Ju62
..., ,

, 2)
-....0k

.410-1L _

.14137

115-419 4 5 3

,-
-0 16497

-CON iilT_

00, ,..

.

CANONICAL CORRELATION OF DISCRIMINANT. FUNCTION IS 0.62)
g

66
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' TABLE 22 EXPANDEL? OBJECTIVE PLUS DEMOGRAHIC,PARAATERS.,
TURKEY SHOOT WINNER AND°RUNNER-UP PREDICTORS

PREDIC1T VARIABLES: ExL)anded Data Set Including Demographic
Data

\
ACTUAL 'GROUP
MEMBERSHIP

NO. OF
CASES

PREDICTED GROUP MEMBERSHIP

GROUP I GROUP II
Turkey Shoot
Winners & GPI
Runners Up

23
19

82.6%
4

!7.4%

Third, Second &
First Elimina- G
ors (Others)

-

66
12

18.2%
54

81,8%

82.0 %'OF CASES WERE CORRECTLY GROUPED
.---

VARIABLY,
CLASSIFICATION FUNCTION DISCRIMINANT FUNCTION

COEFFIC

ZR OUP I

J.MI TS :

GROUP II-

COEFFICIENTS

STANDARDIZED

0
UNSTANDARDIZED

- n.no699 .- 0.00552_

0.00079

0.35355

- 0./4499

ak.
0.00055

0.00159D6 0.,00329

' :D7 0.04341 N 0.05347 0.42358 0.01171
M9 0.46854 0.52321 0.22037 0.02131

M10- 0.00.171 0.01239 0.25887 0.00416
M20 0-80229 0.91792 0.30951 0.04506:
M29 0.04'429 0.09930 0.2807,6 g0.02144
1132 0.00274 - 0.00417

0.1129

- 0.,
r,

0.61456

0.00056

0.20782F11 ' 0.64870

F18 0434346 0.43268 0.34989 0.03477

F22 0.57578 1.09963 0.52312 0.20411
F27 7,.10480 7.60449 0.27220 0.19484
1'29 I 0.1/338 0.0665Q - 0.44603° - 0.03385
F30 0.47268 1.56218 0.21687 0.42454

4.45741C46STANT' -62.57329 -73.08694 --

CAOCMAI CORRELATION OF DISCRIMANT FUNCTION IS 0.654
'

,...
.
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TABLE 2.3 - EXPANDED OBJECTIVE,PLUBpiMOGRAPBTC,PARAMETERS 7
TURKEY. SHOT WINNER, RUNNER-UP & 3R1) ELIM.. (UPPE*=7HALF)

* /
.PREDICTOR VARIABLES: Expanded Data''Set Including demographic

Data

ACTUAL GROUP
MEMBERSHIP

NO. OF
CASES

PREDICTED GROUP MEMBERSHIP

GROUP V GROUP IT.
T.S. Winne'rs, Runners
Up 64, Third Eli- GPI
minal-nrq, c---

46
37

80.4%
9

19.6%

T.S. Second &
First EliminatorsGPTI. 43

7

16.3%
36,

83.7%

.

82.0 % OF CASES WERE CORRECTLY GROUPED

VARIAIHE
CLAS IFICATIONFMEMIDN

COEFFICXENTS

GROUP I GROUP II

DISCRIMINANT
COEFFICIENTS

STANDARDIZED

FUNCTION

UNSTANDAREaZED

n11 ____0.00368

0.02228

0.02656

0.02106

0.27223

- 0.19296-

-0.01065

- 0.00057M4

M20 0.52173 0.62508 0.33042 0.04811

M25 0.00378. - 0.03865 - 0.46721 - G. 1974°

M29 0.33286 0.36408 0.19048 0.6 454

F1 21.99968 23.02592 0.31727 0.4 843

Fll 1.48071. 1.35444 -'0.17362 - 0.05871

F18 0.07518 0.17284 0;45738
e
0.04545 /

s

F25 0:21372 0.18/71 - 0.25382 -. 0.01209 r
F29 0,11280 0.19010 -.0-.41705 - 0.03621

Y30 , -.0.21794 1.52132 .0.30984 0.60653

CONSTANT -139.34155. -144.61646 -- - 2.44321

3:1

CANONICAL CORRELATI OF DISCRIMINANT FUNCTION IS 0.642

68
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TABLE 24 - VXPANDED,OBJECTIVE PLUS DEMOGRAPHIC PARAMETERS
QUARTILE RAN PREDICTORS

'PREDICTOR VARIABLES: expanded Data Set Including
I .

Demographic Data

ACTUAL GROUP r

MEMBERSHIP-

NO..
OF
ASP-

PREDICTED GROUP MEMBERSHIP

GP I GP II -GP III GP IV
Turkey Shoot GP I

'dinners & Runners Up 23
16

69;6%
3,

.13.0%
0

0.0%
4

17.4%

Turkey Shoot GP II
Third Eliminatbrs 23

,

3

13.0%
14

'

60,9%
3

13.0%
. 3

13.0%

GP IIITurkey Shoot _

Second 'Elimi rrators 23
-
,-,_ .-6-,

26.1%
2

8.7%
11

47.8%
4

17.4%

Turkey ShoOt-. GP IV

irst Eliminators 20
0

0.0%
2

10.0%
2

10.0%
16
.0%

64.0 % OF CASES WERE CORRECTLY GROUPED

VARIABLE
CLASSIFICATION

1 G I

FUNCTION

GROUP II

COEFFICIENTS

GROUP:1II

.

GROUP IV

as i .00053.0.00053. 0.00084 0.00077 0,00314

0.00061. 0.00389 0.00306 -0.00544
M9 . 0,46314

0.00324

0.48751

0.01468

0.48939

0.00304

.':0.40282

M10 0.&222

Mn -0:58092 0.61789

0.70357

0'.93229

0.67359

0.51453

0.68348M12 0.65554

M22 1.22072 1.11891 0.85281 1.35006
M25 M.34258 0:38840 0.34136 0.35504

F16 1.05453 1.29887 1.02676 1.37675

F18 0.25768 0.30279 0.35183 0.37553

F22 0.60374 0.65370 0.82041 0.42426

F23 0.008308_ 0.05169 0.07938 0.02629.

29' 0.43946 0.40639 0.39330 0.28632

CONS\J TANT - 9'.43753 -101.05052 -97.88803 -94.15775

69
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TABLE 24 (CONT.)

.P ICTOX VARIABLE SET :; Expanded Data Set Including
r Demograpfiic,Data

.

P

VARIABLE STANDARDIZED

FCN. I,

,

DISCRIMINANT

FCN, II

FUNCTION

.

FCN. III

COEFFICIENTS

UNSTANpARDIZED

FCN.. I FCN. II FCN. 'III

D5 0.67724 '0.06275 =0.08149. 0.00106
2

0.00010.0.00013

:-a....usa5_0.00127
0.01082

.....-122---...:.1.

M9
-6z093E::001EE,/L.59481,._:r0.00130

-0.22317 0.11192 -0.38708 -0.02158
_,

-0.03743
M10 0.33817 0.32989.-0.16183 0.0054370.00530 -0.00260

mr1 -0.16161 0.78326 -0.39563 -0.0497 0.20825 -,0:10519

M12 0.14758 -0.16675 -0.58128 0.004.648 -0.0 T85-0.02737-

M22 0.16919_-0.50859 .8.43156 0;06602 0.1 fi48 .16842

- M25 0.06428 -0.42895 -0.63271 .0.0°0272(2-0.01813 0.02674
F16 Q.19039 -0:24227 -0.13338 0.09-766 -0.124 8 -0.06842

F18 0.31104, 0.35562 -0.14287. 0.03091 0.03533 '-0.01420

F22 -0.18372 0.32385 -0.31009 -0.07;68 0.12636.- 0.12099

F23 -0-35169 0.25426 0.412047 -0.01705 0 01233 0. Q0584

F29 -0_59790 -0_15839 - 0_04538 -0_QA518

-0.23871

-0.0079_01202
-0.59286 7.72996

,-

CONSTANT -- ''--- --

°

CANONICAL
.

dORREL. 0.679 0.518 0.450

_

.

.

75 70



3

functions of the analyses have greatly increased Over
0

analogous functions in the previous analysis,. indicati

increased capability to discriminate between groups. 'his

. increased di criminant ,capability is at the cost of in-

creased*Midex'ty in the number Of Variables iequired and

the complexity of calcpations. ithe classification ftinc-

tions provide optimal predictors for the 'objective data

analyses 0 this study and inclu e the best predictor varia-

bles, consistent with the WiIics ambda variable selection

criteria. The two-gtoup-analys (Tables 16,,1T, and. 18)-
a

provide correct classification i o the top' groupoptr the

order Of 8O. percent; however, a fairly large number of non-

Group I are still being placed in these groups..
I

m
%

The Fourth DiscriminantAnalysis Statistical Deriviation
of a Turkey ShoOt.PlaGeMent PredictoraJsing Expanded
Objective Parameters Plus Demographic Parameters as Candi-
date Variables

The results of the fourth c4pci.iMinant analysis are prel.

senied in'Tables 21, 22, 23, and 24._ TheanalySis'useg" as
-ecandidate predictor variables all pf thepr tor variables

reflected in thd-third analysis plUs SeVen.candidate'demo

graphic variables. tThese specific demographic candidate

variables, Table 25,' wer students; thus,

no sample size reduction as requited.

TABLE 25 - CANDIDATE DEMOGRAP fc VARIABLES

DESIGTION 6ESCRIPTION -

*ts- 4

D4
D5

D7
D6

D10

D13f5-

TOTAL PILOT. FLIGHT ¶IME H RS).
TOTAL PILOT FIGHTE TIME , 4

TOT 4 PILOT F-4 TIN g (A/C & IP HOURS)
O7AL SORTIES LAST SIX MONTHS
TAL BFM/ACM SORTIES I

FM/ACMSORTIES.LAST SIX MONTHS.
TIME SINCE AST BFM/ACM (WEEKS) .7.

. .

,

t



r

The objectAe of the fourth analysis. was, inves

gate, the possibility of reduction of' mis,7clasSificatio
(of cases into Group I while.maintaining9omparable.pre ic-

.
tion 'rates. Comparillon of the prediction result8 for-the

fourth analysis with those of the hird indi te that tl.).

fourth analysis predictions:mere as good,or better than the
.

rd. analysis. Mis,7classification into Group I was reduce&

in three of the four classifiCations, and correctclassi-

fication int Group I was improved slightly in two of the

four ,classf cations. Evidence,of this improved.discrimi- \\/

anation is provided by improvements (increases) in the

canonical, correlationS of the discriminant functions.

In the first c ssification scheme (Group I - Turkey

Shoot Winners, Gro p II - Other),.the number of prediptor

variables required to maintain a constant correct classifi-

cation rate was reduced from 11 to 10 by inclus on of demo-

graphic data. 4
.4

-4

Discussion of Third and Fourth Analyses

the third analysis, over 80 predictor variables were

-avail e for consideration as candidates for they analyss.
The va iables,were Calculated using t4 master data,b

which VoughtconStructed during,tiie first part of this

study..k These ;date include the expanded list of 12 ariables

which were required by. the contract to be analyzed. An

initial screening of the 'complete list was necessary,tO-

reduce the number ,of variables to an. acceptable s

This screening was acconClirshed by corl-elatinall -

variables with turkey shoot rank and,ther-i; select q the
. ,

40 variables from the liSt with the greatest corre ation.

coji

4'

fiCIents.1 .The 40 candidate vani$bles are presented ;in

72
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Table'26 by rank as determined by the- absolute values of
the correlation coefficient (R). ,Variable designations are
coded so as to indicate the class day on which each is,_

collected: For example, F29 indicate. that the variable
value is 'collected on Friday (the "F" prefix indicates

Friday)=, whereas M30 is a variable for which data are.
collected on Monday: Table 27 shows those objective'varia-
bles which-were selected by DISCRIM as the best turkey shobt
.rank predictors. in Ulf/a table, the predictor variables are
separated by day of data collection. The discriminant
classification schemes blAwhicb each are used is also,indi
Gated.. Use 'of this expanded list of candidate variables
appears to have generally improved'the winner prediction :
capabilkt.

In the fourth analysis, a selected set of seven demo-
,

graphic variable's were introduced, These were selected.
mainly on the baSis.of sample completeness, as it was not

--' desired to reduce they sample size by excluding cases where
. .;

Iiricomplete
4,
data-sets occurred. Non-,quantitative data were

also excluded. All db4ective 'variables selected in the-,
dlirdanalysis were retained, but objective data considered,
in the third analysis but not Selected were excluded.
Table 28 defines .the variables. Considered in the fourth
) . , .

'analysis. ',Notethat"D": 'theLya540,/e prefix used to de- C--- -
isign, the demographic ye, iables conv sidered f As can be-

.

I

"seen from the table, inclusion of the demographic data caused
'several Monday ( "M" prefix) variables to be excluded. Also,
as a result of the, addition of demographic data in the analy-
sis, .certai,n ether variable seleCtiCn changes occurred,.)
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TABLE 26 - CANDIDATE OBJECTIVE PREDICTORS RANKEL.,:-BY't
'COgRELATION COEFFICIENT WITH ACTUAL TURKEY
SHOOT PLACEMENT

DEFINITION

1: -.4261 F29 HIT/MISS H -MISS SCORE HON (H*(H+M)/HON)
2 . +:3168 F12 *TIME TO FIRST KILL (SEC-AVG/HEAb-ON),
3 1.3015' F17 TOTAL -NO HITS' HON (HITS/HON)
4 '1.2981 F04 TOTAL FU L USED- (LBS. AVG/HEAb-ON)
5 -.2957 F06 *PERCENT, FFENS;VE TIME (%,AVG HD-ON)
6. -.2784 4'18 TOTAL.TI IN H-MIS ENV CTK (TIME/CTK)
7 +.2610 F01.', MAX G'S MAX/SERIES).
8- '-.2548. F25I TOT. TIME IN GUN ENV HON ( ME/HON).
9 +,247.5. M30 HIT/MISS R-MI :SCOR HON *MY/HON)

10 -.2382 M17 TOTAL,NO.:HITS"HON i
X MI-

(HITS/HON) .. ___

11' -.2380 #09 TOTALrit;MESR LT 15Q0 (SECAVG/CTK)
12 , -.2371 M32 HIT/MISS GUN<TE 0*TOTAL RDS/HON) 0

ME13 4..2284 M12 *TIME' TO FIRST L (SEC-AVG/HEAD-ON).
14 e-I):2000 F27' G SPREAD HON (MAX,G - MIN C)'
15 '..1988 F32 HIT/MISS GUN'SCORE (H*TOTAL RDS /HON)
16. -.1931 F08 ITOTAL ROUNDS'TIRED'(NO. TOTAL/HE D-ON)
,17 -.19'06 , 13 *PERCENT TIME.IN PANG (% AVG,/CIN TRACK)
18 .1722 2 TI TO GUN ENVELOPE CTK (XIME/C K)
19 1677 F2I TIME TO GUN ENVELOPE HON (TIME/HON)
2 +. 66t-... F02 NO. TIMES OVER G (TOTAL ERIES)
21 4:1 4 M11 TIME,0 PANG (AC-AVP./CINETRACK)'
22 -.16 M09 TOTAL TIME'S+LT 1.40 (SEc-AVG./CTK)
23 -..152 F31 HIT/MISS GUN'SgORE .(H*TOTAL RD$/CTK)
24 -,+.151 M10 *AVG. MILL. ERROR SR LT 100Q (MILS-AVG./

CINETRACF)
25. -.14:5 M25 TOTAL TIME IN GUN ENV HON (TIME/HON) .

26 . .. -.1 < 83' M16 TOTAL N.O. HITS CTK (HITS CTK)
27. .+.1446 F11 TIME'TO PANG (SEC-AVG./CINETRACK). .

'28, +.1437 X3O. HIT/MISS R-MISS SCORE 'HON (H*4.071-MUHON)
29 +.1324. F10 ,TOT TIME'.IN'tt-MIS ENV CTK (TIME/CTK)
30 -.1297 F TOT TIME IN,H1MIE ENV HON (TIME /HON)
31 '+.1290 M22 TIME TO GUN ENV; CTK (TIME/CTK)
32 +.1273 M20 TOT. TIME IN R-MIS ENV CTK.,"IM4/CTK)'
33 '-.1i90 ; M29 HIT/MISS H-MISSSCORE HON. ',I-ci (H+M) /HON)

/ 34 -.1172 "F01. TOTAL-7:FUEL:\U$Eb (LBS.'AVG. INETK)

35 -.1111 F16 TOTAL NO.- OITS.CTK (HITS/CTK)
' -36- -.110B M24 TOT TIME IN tUN ENV CTK (TIMEI/CTK) : .3

37 -.0993 M04 WEKLFUEL USED (LBS. AVG/T-ON)'
38; +.09Q8 M14 DELTA ENERGY STATE CTK (INI END/CTK)
3 - .0833', M08 TOTAL ROUNDS FIRED (NO. TOTAL/HEAD,ON)'
40. -.0804 , M31 HIT/MISS GUN SCORE'(H *,TOTAL P138/CTK)

.

Variables.usedtocompute GSI' scOies. )
-,:

,-..,
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TABLE 27 SELEC'ED.OBJECTIVE DISCRIM ANT VARIABLES

4

VAR.

DESIG

P4x
w El

Z 0
Z'
'3

7 'x
El\' 0

, c)

N

c4 0
W 1

fal

tn

a4

0
(,,DA

VARIABLE,DEFINITIOW '
,

.
,

,

I).

,

VOW

/

M4

M8

M9

M10

M11

12
M14

M16

M20

M22

M24

M25

199

M32

e

X

X

X

X

X

,

X

X

X

.

X

.

X

TOTAL FUEL USED' (LBS./AVG./HEAD-ON)
.

'TOTAL ROUNDS FIRED (NO. TOTAL/HEAD=.6N)
A

TOTAL TIME 'SIB. LT 1500 (SEC-AVG./ONETRACK)

AVG'. M.1;J: ERROR.SR,LT 3000 (MILS-,AVG. /CINETRACK)

TIME TO,PANGSEC-AVG./CINETRACK). .4

TIME TO g1RST KILL` (SEC-AVG./gEAD-ON)

DELTA ENERGY STATE CINETRACK (INT. 7 END/CTK)

TOTAL NO. HITS CINETRACK ,(HIT/CTK) '

TOTAL TIME IN RMTS ENVELOPE L CTK (TIME/CTK)

TIME TO GUN. ENVELOPE -.CINETR (TIME/CTK)

TOTAL TIME IN GUN ENVELOPE.-,CTR.(TIME/CTK)
. I

TOTAL 1IME IN GUN ENVELOPE: HEAD-61 (TIME/H.6N)

HIT /MSS HEAT -'MIS SCORE - H:ON' (1*(H+M)/g.ON)

,7-Pett/MSS GUN. SCORE .(PTOTAL RDS/H.ON)

,

.

,

'Fl ,

'F16,

!

F18

F22
.1

F23

F25

127

F29

F30

X

X

X

F11,

X .

rip:

X

X. ,

X
a.

l

X,

X:

)(

MAX G S MAX SERIES .

TIME TO PANG (SEC-AVG./CINETRACK) 4'

TOTAL NO. HITS CTK (HITS /CTK)

TOTAL TIME IN H-MA. ENV. CTK '(TIME/CTK)

Dt TO GUN ENVELOPE .CTK (TIME/CTK)
le,

TIME TO GUN ENVELOPE H.ON (TIME/H.ON ) ,

TOTAL. TIME:INGUN1v4oPejv* (TolmE/H.oN),
G-SP.PEAD H 4. ( ,:',./G-i4INyiT, : 'i''-? ',,N,7-.;:"...' ''.e.'

HIT MISS H-MIS SCoREHAVTIM)/H.ON .

AUT/MISS R-MIS SCORE..1 ( 141HeON)
,.

J

.

.

,

80'
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TABLE 28 - OBJECTIVE AND DEMOGRAPHIC DATA VARIABLES
',TURKEY SHOOT.PLACEMENT PREDICTORS

I

IT

,

VAR.
DESIG.

W
Z
ZH
3

ta

zH
3

,

04
N.,

ri

o
a
m
>
ci .
N.,

r-i

0:14

,W;I
/

m
a
0
a0

'

C4

o
44

.

VARIABLE DEFINITIONS
.

. x
. ,

) _

.

1

.,. .

D4
D5
D6.

Q7
.D10
Dll
D13

X

,

X
X
X

.

X
X
,TOTAL

.BFM/ACM

TOTAL PILOT FLIGHT TIME' (HOURS)
TOTAL PILOT FIGHTER TIME- (HOURS)
TOTAL PILOT F-4 TIME (A/C & IP HOURS)

SORTIES LAST SIX MONTHS
TOTAL BIT/ACM SORTIES

SORTIES LAST SIX MONTHS
TIME SINCE LAST BFM/ACM (WEEKS)

M4
M8
M9
M10

Mll
-M12
M14
M16
M20
M22
M24

.

M25

M29

M32

X

X

'X

%
.

X
4X
c

N.

X

X

X

.,

X

X
0#0

/X

X
X

X 'TIME.TO
X

.

X

X

.

OTAL FUEL USED (LBS. AVG./HEAD-ON)
OTAL 'ROUNDS FIRED (NO. TOTAL/HEAD-ON)
TOTAL TIME SR.LT.1500 FT.(SEC.AVG.CTK).
AVG. MIL- ERROR SR. 'LT.. 300.0 FT. (MXLS-
AVG./CIN TRACK)

PANG (SEC. AVG./CI ETRAcK)
TIME TO FIRST KILL (SEC-A G/HEAD-ON)
DELTA ENERGY STATE -- CTK (INT.,-END/CTK)
TOTAL NO. 'HITS -'CINETRA (HITS/CTK)
TOTAL TIME 'R-MSL ENV.'L.CTK (TIME/CTK)
TIME, TO GUN NVELOPE-CTK. (TIME/01,)
TOTAL TIME GUN ENv. - CTK (TfME/CTK)
TOTAL TIME N GUN E!Iv. HEAD-ON
(TIME/H-ON)

1

HIT/MISS HEAT MIS. SCARE - H -ON
(H*(H+M)/H-0N) r
HIT /MISS GUN SCORE (11,4,ToTrAI RoS/H-ON)

Fl
Fll
F16
F18 .xk
F22 *.X
F23
.F25
F2''V

F19
VIO.

X.

X

.X

.

X

X
'

X

X
X '

X
X

XXTOTAL

X

X,
X

X

X
X 1TIME

_SERIES)
k

MAX G'S (MAX/SERIES) 0

TIME TO PANG (SEC.-AVG./CINETRPtK)
TOTAL NO.-HITS,CINETRACK (HITS/CTK) .

TIME IN H-MIS.ENV.CTKATImE/cTK)
TIME TO GUN ENVELOPE HON.. (TIME/HONJ

TO GUN ENVELOPE HON. (TIME/HON.)L:
TOTAL.TIME IN .GUN ENV. HON. (TIME/HON.)
G-SRREAD HEAD-ON (MAX. G-MIN --G OVER

k

,4

HIT/MISS H-MIS SCORE' HO (14 6111+m) /HON)
HIT/MISS:.R-MIS SCORE HON (H*(H iM)/HON)-,
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A

Comparisonoof Prediction Results

Tables' 29 summarizes the predictive capabilities of the
major predictor models presented. fhe table also includes
approximately 95 percent confidence limits on the-prediction
ra4s4. Note that .the confidence limits are approximate
and use theinormal'approximation'to the binomial. This re-
quires,a relatively.large sample size. For predictions of
the winner. (the last row of. the table) , sample size is.nihe
or 12.

,.Tests of the.Predictor Models i.

E
.

YGiven,the'predictor.&delS developed using disdrimi-
nant analysit,-it is necessary to test these models using
data collected_outside.the ?experimental data set. The-.
purpose of these'. teSts to deterMlhe if thepredictabi-
lity of the developed models is retained using predictor
variable data-mot used in the Calculation of the parameters.\

,

orb in. the selection 0-L.,, the predictor variables. In the.
analysis performed, therte is.evidence_that the 'parameters,'

b. selected are very sensitive to.the particular data'setused4-
in .their estimation and to the'detinition of the.d4c..irimi-- ,
nant groups. The values ofke,parameer estimats'are'also

,13,., . .

pkobably'quite sensitive' to the. data set..1.1sd.
. . .z.

-A very limited' test analysis usiFigAiata,obtained prior
.. 4

to this study ,has been conducted or the predictormodels
developed from the first77aild .Aa analySiS defined pr'.-

, .

1.rotNy. -In the first arialysisi.Monlday arid Frid
. A

4
Ostle and Mensing. j.Statistics in research, 3rd

.2,Arrtes:' Iowa State'-University PreSs, -1975, 1007101.

t

3
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4 A

. .

I.'

GROUPINGS

RANDOM

SELECTION CIPP

GSI

RANKING

,FRI.'

SCORE)

DISCPdivIINANT ANALYSIS

SCORE;

GSI'N.

,

MON.' li,

FRI.)

I

PIED.

VAR.

EXP.

LIST

EXP..

LIST
A

+DEM.

VAR. ,
Four Groups

(It-2, '3-4,
'5.-6; 7-8) '.

o
1,4

. No, Correct Prod.,
,Tot. No. Prod.'

% Correct Pred..

951', Conf. Int.

-

-
:25%

- '20,2'

21

67

31,3%

.42 5.

6 i

90

28.9%

19.5'7
38.3

90'

40.01

x`9.9

50.1

56

.89

62,9%

52.9

73.0

57

89

69,1%

54.1 -

14.0 ,

Ut.)p,a"r Hale,, 1,

.bf.ct :

(]:,,2,',',/,,I,'.
4::' 41'?,

No, Correct Pred.
J, Tpt."No. Pred.
: ';.: Correct ?red.

.9.5COrlf...Int,
.

,

,'.' -
50% ;

-

24

34

70:6%,

55.2

8519

27

'.46

58:7%

44,5 -

72.'9

21

46

58..7%,

44.;
72.9

27,

46

58.7%

44,5,

72.9,t

36

.4'6

18.3%

66.3

9E2 ''

37.

= '46%

a(1.4%

69.0 ....

91'.9
,r,

Winner & ..
Runner-Up '

(1, 2) .

,

,....,, 41

,to'. Correct Pred.
, fbic. No. Pr d
; "'', CorreCt 5 ''''d,

,'95 Conf,. 'tat.
,

q'

. -4

7

25%

"; -

1;

6

17,

35,31

11246

58,r

',9

4..23. '

39.1%

19.2

59,1'

-

14.

.23.

60;9%

0I.9.''

.80,8

'15.

23 .,

5.2%

45 8

84.:1 '98

19

23

82'.6%

67.1 -

1 .

19

23

82,6%

67..1

98.1 ,

lit Wiriner

(1)'

, No. Correot Psred'

Tot. Nio.-k Prod,

% Correct P.red.,

< 95%. Corif-, Int.

"'

. r
,w.

12,5 01

,.

1

11,10,,

0'-`

31,6

3

12

25.0%

.4

8

12

66:7%.

10:0'7

9,3,3
. I

9

12

75.0%

50;5

99 5
I

10

.12

83.3%

62.2

100
I

10

i12

83.3%

62.2 -.

1'00

TABU 29- COMPARISON OF ,PREDICTION RESULTS.

'.4



GSI-S-c4TesrWere the piedictor variables. Ih the second
.

'analyfristhe-predictor variables were selected Monday.

andridayGSI.dopponent variables. No additional analysis6' `NhaS been conduCted on outside day.for the third and Fourth
analyses beC*atae it has been determined that the required

1

data are not available and/or n t available to the extent,
necessary_ for reduction to the vter data base form.

Two other difficulties were also encountered ei.n ac-

,quiring,prior data for model testing. First, adjustments
had been made.in the weighting factors used in calculating
GSI. These adjustments were not documented, and thus, a
consistent set of historic GSI. scores is_not 'readily avail-
able. The second difficulty encountered qrtains to the
prior.

.-

k.recordHeeping "procedures on GSI component variables.
,...

The automated,,GSI .component variable 40porting.forms were
implemented binning with TAC ACES I:Class. #7815. Thus,
mominally, GSI component variable. averages were not con-

sistently .recorded'ina usable ftim-prior.to Class i7815.-

Furtheri:ClasS 47816.had- missing data.. or' Monday GSI com
:-,ponent'variableS. For; Classes #7832 40d,Jt7833,, two classes

held after thelstudy sample,._ it was-deter ned that turkey-
,-

shoot compilations' Were condu ted in an i regular manner;

that'is,',certain.competiti s were 61-minated when two Con-
,

testants were eliminate iMUltaneousl*y.by air-to_: r t

collision. Tbds.pracf preempted evaltation'of turkey
shoot results, _using thelMethod used previously in defining
ranks. Thu4, classification of, reosultscould.not be deter-
Mined using definitions defined for the discthimiliant

dictdr.model.' !

The results of.these:dat4 restriotions-limit the .,

analythis to four classeS.i7b15, 7817818, and 7819) ,

totaling 301btudehts. Itj.s also jegtricted tO,Predictors

'.using Gg.I and GSI component variables. This, of course,

8 5
j
. d



precludes evaluation At this time of the best predictor
\

models; that is, those using the expanded data seat and

deMilpgraphic data. RecomMendations are made at the-con-

clusion of this report that will alleviate these restric-

tions

Evaluation of PredictorModelp Using Monday and.Friday
GSI Scores .

Of'

The first comparison Conducted was 4:401r grou ngs

where the top group was, defined to be winhera on y'and the'

secondgroup contained all others. Figure 12-Vraphically

shows the classification of the data from .the original
.

(experiment) data. The graph ghows/Monday GSI (gGSI)

plotted versus Friday GSI (FGSI). The line shown is 045- .

tamed by setting ,the Group k classification. funCtion

: equal to the Class II classification and solving for FGSI

as a function of MGSI. All pc4nts above the line are

placed in Group I (winners) while all points falling .below

-r tipd line fall in GrOup II (others). .Figure 13 shows a

similar plot of the test data using the same discriminant

function developed from the experimental data. A statis-

tic'al_test of the null hypothesis that the proportion of
%

correct classifications (PE)using experiment data is equal

I , 1.' 'to the proportion of correct classifications. (PT) using the
ct

test data was cond4cted,-i.e., H0 : PE = pm-vefsus H1
*

P )4 P
T:

5 The null hypothesis is accepted at the 954per-

cent level.
'

q i

:. ,

,

gd i

Similar plots- are presented; (Figured14,:,15, .16, and

17) showing classifications of the experimental and test

, ... . . ,

Ostle and Meneilig...StatiStids:dnlreseareh, (ard'ed.)..
MeV:, 1.: Itwa StE Uuiversity Press, 1975c 135-13i.-

,

*h
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Figure 12. Clas,sifIcatiol4 diagram experiment data
-(Group,I Grvp II = others)

0.
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at.a.102tilebtliet tWo-groUP"deiinpEaons defined in the,,
i.°

first.16a4sis,i.e Group I = winners and'tunners-up
;4

ar. I

4'
versus Group II.= others, ang Group I = winners, runners-
up and third elithinators versus Group II = second and
first eliminators) . Similar tests of hypo-theses were also
conducted'and accepted, i.e., no*difference_in predictio

rates between the experimental And:test data wet dete

Evaluation of Predictor Models,.. Sing Monday and Friday
GSI Component Variables

The second set pf comps as were made using the pre-

-dictor models developed from th sewnd discriminant analy-
sis. The number of predictor variables selected for.the
models in this analysis was.usually greater than two. For
this cpmparison, tabular displays were selected. Tables

30,.31, 32', and 33 provide the results of the test data
classifications. For example,. Table =3 GP. I = Winners,

GP. If= Others), shows the data (XIand .X8) and.the- calcu-

lated classification function. scores (Cs FCN I and Class
FCN II) used to group the cases (actual group membership-is.
also provided to determine'correctness,of the predictions).

.As noted. previously,, a 'case is classified into the group
with. the greater classification function score. For exam-
plek, consider; t(he first case (X3. = .72 and X8 = 98) . The

function I score is 49.4, and the funct4n II score ' 9 .

Since 49.7 is greater than 49.4, the first case is.correctly

predicted to belong to Group II, i.e., others or not winners.

Of the 30 prealctions shown in thetable, 21 or 70.percent
were correct. This compares.to-an estimated correct pre-

.

diction rate of.about 61 percent for-the experimental data.

Testing-the null hypothesis *at th.cortect prediction

rates of the experiment and test samp.le are,411tual, a test



/"
30- ,:ltrD.,oF GSI.001;i1PoNEIT, VARIABLE PREDICTQB MODEL

111
P-1- WINNERS; GP II = OTHERS)

A 1 4
TURKEY

/

SHOOT , ACTUAL . CLASS CLASS PREDICTED CORRECT

:LASS RANK GP. MEMBERSHIP X3 X8 FCN I FCN II GP. MEMBERSHIP 'CLASS'( ?)

15 7;5
7.5

1,

5,5
5 5

17

4.,
3,
1.

t 7.5

.\ 7..1

fa' 2.
7.5
5.5
4.

4" 3.

5.5
19' 7.5

3.0

2

t

'72 98 49.4 49.7
2 81 101 8

2 7.5 72 47.4 ,49.9
2.. 78 80 .54;4 54.5
1 75 53.6 53,.8

26.* :" 74 120 55.1 55.0
2 .'75 49,.4 50.0
2 79.57 52.3 52.7
2 63 116 40.7. 42.4
2" 66,131 46.6 46-,9

2 7r106 50'.6 50.8
68 95p 44.0 44.,6

2 78 104': 57.8 ,57.'.6

2 38 100 "9.7
2 75 127 57.4 ,'57'.1
2 65 80 38:0 39.1
2 78.170 67-.3 66.2
2 55 16-1. 37.2 37.8
2 63 89 36.8 37.9

2 64.106. 40.5 41.3,

2 72 78 46.5 411t1t

.1 69 107 47.0
2 75 101 53:6 53.7.
2 64 103 40,11 40,9

, 2 72,106 50.6 50,8

dm .

'14

2 .Yes

Yes '

2 Yes

2 No

No

2 Yea

2 Yes

Yes

2 Yes

2 Yes

2 No

1 No

Yes

No

2 Yes

Yes

2 Yes

2 Yes

2 Yes

No

Yes

Yes

Yes



ti TABLE ;30 (CONT'b)
d .

1

rr

TURKEY
.

./
..______

......_.

SHOOT ACTUAL'
. ' CLASS ' CLASS pRgDICTED CORRECT

aSSmmylCLiggiSAIJ? 10 X8 !-,FoN'I: TCN 11 QP.'MEMBERSHIP CLASS(7),-------------- 7 4.-
'.

, ,

. . 2 42 180' 23.6 24'9
.

0 2 'Yes
7.5 2 . '65119 43.7 44.2 o

1 ) 2 .- Yes
2.0 2

st

74 91' 50.9 51:2 2 Yes

q3
1.0 0 r

1 .75 '91 52..2 '52.4 .

2 NosIN
5.5 N$ 2i 4 7,1 '93 47.4 47.9 2 Yes

=111nal=.1Ri...
s' es.

No. Predictions '7...N

No. Correct prediFtioris = 21

4'

4 p'

/Y.

wb

4 . ;

4

V



G

'.17 7.7

,CLASS .

, ,

"),';)

17 2.0

it()
3.0

° 1.0,

7.3

.5.5
J.) ,

18

7.5

4.0

3.0. '

5.5

5.5,

7.5

2.0.

5:5

a'

.4 At

11

'
4, I.

CrJAS.S.
r

II J.(' ',IF ''';" ra; ; )r g!;-

;(1
2.2.0) 22.06

32 33 C .

29 51 70 21439 :1,44'
24,76

I

....

7

4() 63 21-.45 21,41

24 41 93 14 20.8) 20.50
It4

44 19. 42 n.6) 11.08

40 '5u ,29 12:43 11:87

139 ?6 36.74 37.96

33 4 ;) 116: 43 28.07. 28.59 ,

18 46 't9:0 49 21.59 21,.34

36 51 7 12 26;02

33 50! \96 .19 26.90 271,18

.26',"20..14 25 25.24 25.43

2 .150 3'3' 11, 1` 1b 41.24 44.70

2 21 '24. .30 17-.16 16 62

1 '60 "19 133i 41 25..96 26.84

Q. 106!" 19. :14.7 14.35"

2

33 1;09. 42 25.40 125.70

83 , 5 155 12 28.19 29.57

:417 '8'4' 10 22.82 22.71

37. '3 ,"4 80 '28'1 17.67 17.38

2 20 42 84, 116 18.80 18.22

'25 42 136: 15 30.00 30.42

2 16 38 31 15.50 14.68

'2. 18 24 136 151. 22.11 22.46

19,1. 20 ;17.3 10 26.88. 27.02

1 '5,0 128. 142 80 30.12 31,31

1 1'33' '50 B5 ' 26 24.77, 2491

2 :8 37 477 31 13.27 12.14

No. Predictions

. No. Correct Prediction 21

kPL.

No

No

2

2

No

2,

No2 Yes

1 2 ' Yes

2 Yes

1 1\lo

2 No

Yes

2

1 ', Na:

1

1 .No
2 .'es
1

2 Yes

2 . Yes

2 No

2 No

1 No
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TABLE 33 - QUARTILE PLACEMENTS (GP I = WINNERS AND' RUNNERS-UP; GROUP II = THIRD

ELIMINATORS; GP. III = SECOND ELIMINATORS; GP. IV = FIRST ELIMINATORS)

TUREEY ACTUAL GP. ACTUAL GP.'

SHOOT MEMBER- j' CF .#1 CF CF #3 CF, #4; MEMBER-'

CLASS RANK SHIP XI X3.Xn8 'SCORE SCORE SCORE SCORE SHIP CORRECT(?)

15

17

18

19

.

7,5

7 :5 4

.A,0 2

2.0 1
1:0 1

,3,0 2

5.5
,

3

.5.5 3

2.0 1.

4,0 2

3.0' 2:

1.0 1

7.5 , 4

,5.5 3

'5,5 3

7.5 4

2.0 1

7,5 4

5.5, 3

4;0. .2

2 7,

1.0 1

51,5 3

7,5 4

3,0; , 2.

5.5, 3

7 4

24 1.
1,0 1

5,5 . 3

31,72 27 .'98 52.600, ,52,616 52.,250 2, No

26 101, 63..695,'63,573 62,986 5.2,. 50 1 No

29'75-3 72 53,36 ,52,994 . Yes

X42 78 2 80 59.912 10.793 59,522 58.992 2 'No

42 78' 12 75 59.223 60;107- 58,7.95 57:634 '12 No

24 74 14.120 .56,159 55,392 55.719 55.282 1 ..No ,

,44 75 42. 72 ..55',263 57.072 .55168 4.718 2 No

'22;79 )9, ,57 56.091 56.531 55.0731 4.326 2 No ,t;4

40 63 26, 116 44.27Q '44.261 44,504 44.472 3 No.'.

33. 66 43' 131 48, 851 48.411 48.940 49.000 4 No

18'72 49 1.06 51:895' 51,3,39 51,310 5 ... 295 `1 No

3,6 68 12 '95 47;707 47.852 47,563 47.182 ..2

33 7,8'19. 104., 60,974 60.981 :60.525 59.653 2 No

r 26 38.2.5 100 , 6,952 8,320 9x.504 .11.255 4 No'

'150 75,18 127 7,6.123 '80.945 78.589 "7:::.520 2. No

21 65 3.0 80 40%533 40.367 40.050, 1 No

60 78 41 170 71.810 72.001 72,46.5 71.212 3, ;No

29 55 19.161. 36,9:92. 35,540 37.487 3E.218 4' Yes y

33 63 42' 89 '40,797' 41,473 40,711 4.861 2 Na

83'64 12 106, 50.432 52.452 51,553 5C .467 . 2 Yes'

N3.1 72 10 978 .50.322 50.77 49,837 49.,2,66 Yes

,37 69 28 107' 50.573 50,671 50,506 '5C .162 2 No'

2D 75 16 101.'5,4.972 54.393 54,293 5: 850 1 . No

2.5 64,15 ,103 ,, 41.923 41.40'E 41.696 41,822 'No

16 72 '31 106 51.334 30,559' 50,69,2' 5C .614 1 'No ,

18.42151 180 2.2;889 21;30' 23.711 26.290 No

19.65 10 119. 43,874 42,.7,71 577' '43.770 .1

50.74 80 .91 57.94.8, 59.346 57.962' 57.312 '2 No

33 75 26 91 -55.967 56.22 55.5.30 54.855' 2 No

8 71 31 X93 ,47.617 96;705 46.740 46.861- 1 No



.
st _ 0,766 way s is less

= 3.Q4, the _aypothesi._
-15:_;:.-s 9f the. grou; predLctic.--7_ .es, of

Ag tzlreediscrim.-__- ant Jere
to predicti:ns..r.a(de with te= a and

are .:..n. Tables 31, -2,. and 33, T e hypo-
__tY of the pr,--:lictions

me:: _a: n: ti-le test data .--are also For
the model where Gr .up I = Grodp

.1.1.-f the null hype thesis wa:s\ ": je_
tne other t predictors, _ hy?cthesis

was rejE az -_he 95 care where
Grs.,,. _ -,2..:_aners and Runners -Jp, and G-rdur =-1 "-thers ,

. the .11 -. :thesis could not be rejected = = the :9 percent
Ievc-

_-_nOt be r;jested.

.;:aves the four group predict:- _ .ypot.he_sis re-
jec' .d a z - Commonly acceptable levels Exarni:-.:ation_of
the sarr,Dle cans and star_dard Lleviations :_f the :.:_.--zedictor
va: _in each data,,,set provIdes some e-.-idence_
as wnv n nullhypoth_jesiS was ireject.. Tates 34 and

_;..*_DW the =omparisons of sample means standard deVia-
by predictor variable, data set. (et:--7--riment or test)

and by disc..-,raminant-group. .ThTherent predictor model
that group hesiberskilp pre _ctiOn capability

-ap..Lres -...hat data for which classificati_ -3 are to be made
be samples frOm the 'Same distribut..- -Is as those used

aetern_Lne--the. predictor model itself. (. -mpa>rison of
means_ and stand-ard'deviatiOns shows th> = several

diztinct diff enCes exist between. experiment
zest aata paramet . An example of th=e distribu-

ti;_ al differences corkained in Figure IL where X5,
IA_Av-age Mil Error, is compared. Note the. cr:-7at distri-

buzicnal differences:between Groups 'II, II:

4, iJ3 ),02 .



.450 - TP 34 - COMPAR1.501. OF GROL-Fi MEANS

LT: CRIMINANy DATr CISCRIMINAN"-
JP SET '4X1, 5

Fr.,:.:UP I Experiment 30.4 70.6 1 124 ..

4an=. Test 42.5 72t 103.

:ROUP Experiment 43.2 70.2,- 8.91/09.
Test. 33,4 70.7 _ -.9

tillOUP III - Sec Experiment 38.5 ,68.4 134
Eliminators Test 40.1 p4.8 44.3 102

-ROUP IV FIr Experriment 33.3 64.8 .6 137
_LminatorS Test 26.3 68.6 __.9 109.'

TAB LE 35 C(.--r:RISON OF GROUP STANDARD DEVIAT:OINTS

:=SCRIMINANT
.SROUP

.
DATA 4

' SET
DISCRIMINANT V.;..RIAELE
X1 X3

GROUP I - Winners
and Runners7u7

.

Experiment
Test

10.4
8.72

4.84 22.3_
5.61 21.8

30.3
30._

- ,Third Experiment 6.75 45.14 41.C. \I.

Eliminator Test 22.8 4.11 15.9 21".2

GROUP III Secon Experiment 21.1 8.29 25;7 31.2
id

.Eliminators.'
. r

Test 45.7:- 16.0 44.2
.

37 vi61
GROUP -' First Experiment 13.6 10.0 1130 31.5
EliminatorS .Test' 5.12 'Y.C11:) 8.38 25.5

ti
tiro



by data set. While the Group-I distrihions match ;mite
Well, the others change shape radi JJ
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LEMO2PAPHIC,DZ7A

The data collected as a'-part.'-of this.4- study-weie in
p.dmary forms: student pilot objecti-:e p eYr.ormarce -in 7,

,the simulator and student de-mograjlc datacollected frgm
background, surveys and questionnaires. phis section des-

/
cribes some of the relationships that were investigated

.#
between the student pilot's demographic/hd5torical back-

.

grouri4 data and his predicted or actual, performance. in the
4

air combat simulator. The major data source-for comparison,

the 7AC ACES I background survey, shown in Abpendix.E.3,
uhich was adapted, for use in the GSI study.. The Taestions,
on this survey and their responses were. utilized to form
the-demographic data base. The forin was completed by each.
student in the. stUdy sample (N = 80); The questions were
identified astdemdg.raphic variable.., and tabulated into'a

;

list, which is shown in Table .35, Total Demogi,aphic

Variables. This list, was reduced to consider for'analysis
!only those variables which included a.positive, oother

.
. ,\

thAn' zero response from all of the',89 subjcts in they study.
C.

These are:.sHown in Table 36;. )nd include those-factors-hiChl.
were used' ini*both the correlation analysis and the' stepwise

.

selection routines.

Seiieral methods were emplOyed to analyzeothese'data
which were classified into tv$,o groups Group 1-consists of
that body of data which resulted from responses from '

89 supjects.GLAT 2 consists of that body of data which,.

resUltedAfrom responses fc3m differing numbeis-ot subjects
in .th.44 sample.

Gtoup,T Data

"' A correlation analysis was employed 4o estimate'the
N.

0 fulkcional -relati6 ip amq,rig the Group 1 data or total
I,

.

''
sample' (N = 89) of subjects 'in the study;,

Y
,..

i ?

, .9'7

6
( ;

1 0



1

TABLE' 35 . TOTAL DEMOGRAPHIC V
1

VARIABLE'

D1 §TUDENT PILOT RANK

D2 SQUADRON

WING .113

D4

D5

D6

D7

D8

D9

D10

D11

D12

D13

D14

D15

Di6.

D17

,D18

D19

D20

D21/

D22

D23

Di4

D25

D27

RESPONDENTS
i

. ,

TOTAL PILOT FLIGHT TIME, HOURS

TOTAL PILOT GHTER TIME HOURS

TOTAL PILOT F-4 TIME, A/C AND IP', HOURS

TOTAL SORTIES LAST 6 MONTHS

--:,-TYPE AIRCRAFT gURRENT '

PRIMARY DESIGNATED OPERATIONAL CAPABILITY
-

r

TOTAL BFM/ACM SORTIES

BFM/ACM 'SORTIES LASS' 6 MONTHS

BFM /ACM SORTIES LAST MONTH

TIME S.,INCE LAST" BFM/ACM

TYPE A/A' MISSILES FIRED

FWLC GRADUATE

PREVIOUS ACES ATTENDED 1:

LAST AGGRESSOR DACT 'FLIGHT'

OTHER VISUAL , A/A' SIMULATORS FLOWN
yr

4116. AL COMBAT SORTIES

TOTAIJIOMBAT HOURS

N 15i4BhR COMBAT .KILLS

NUMBER HITS RECORDED

NUMBER SAM ENCOUNTERS
-4'

NUMBER' HOSTILE AIRCRAFT

NUMBER UT'S RECEIVED

]ENGAGEMENTS

4

OWN TRAINING EVALUATION

-ANY TRAINING' ANOMALIES1

98 10.7

1

891

89

89

89

89

89

89

89

23

4! -1.

f8

89

18

19

19

1

1

4

1*.

3.-

89

89

1k.

"7

_.4

/cry

-al
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TAB LE ' 36 GROUP 1 DEMOpRAPE I C VAji/rAE3LE S,..
.

. . .

.h..

'DS

D6

,D7

D8

D9

Dio

D.12

D13

D17

D27

D28

STUDENT PILOT RANK.

SQUADRON,

WING

RESPONDENTS'

89

89

89..

TOTAL PILOT FLIGHT TIME, OURS 89

TOTAL PILOT FIGHTER.TIME, HOURS
e

89

TOTAL PIZOT:F4 TI *P-A/C AND IP, HOURS

TOTA.LSORTIES'LAST 6 NTRS

89

89

TYPE AIRCRAFT CURRENT 89.

PRIMARYDESIGNATED OPERATIONAL CA'P'ABILITY 89
.

.TOTAL.BFM/ACM.SORTIES 89

BFM/ACM SORTIES LAST 6MONTHS- 89

BFM/ACM IES LAST MONTH 89
TIME SIN LAST BFM/ACM 89

LAST AGGRESSOR DACT FLIGHT 89

.OWN TRAINING EVALUATION 89

ANY TRAINING ANOMALIES 89



Group 1 data includes 16.demographic.variables, each

with a'sample size 01'89 data points. Each variable was

examined by correlation analysis techniques to determine

the extent of statistical relationships, with four simula-

.tor.pegormance measures and one measure of predicted per-

formande using "Expert Opinion". The results presented in

Table 37 indicate no statistically signifidant relationships.

The table shows very low correlati n between each of'the 16 .

deffiograp .c variables and with each of the performance Mea-

. sures shown. Correlation coefficients were also computed

between the 16 variables and each of the four GSI par score

combnents for both Monday and Friday data. Again, the re-

sulting correlation coefficients were equally as low.

Finally, analysis WdS performed lising those clasSes and

subjects with Wednesday data available. All of the corre-

lation matrices developed were submitted to the Flying

Training Division of the Air. .Force.Human Resources Labora-

tory. Correlation coefficients were computed using the

same group. of 16 Variables'against each Wednesday part-
,

score cononent and, the totalWedneSday GSI score. The

Wednesday data involved performance scores of/only 27 sub-

jects.- The results again indicated very low correlation

-Group 2 Data

An item analysis was employed to estimate the func7

tional..relationships 9ong the responses to Group 2 data.

The analysis was generalized to observations due to the

limits that are imposed on statistical inference by very

small sample sizes. 'Sample size in this group.ranged from

N=1 to N=22. Two of the Group 1 variables were,alsoin-

cluded in this analy,sis: D-17 Last Agressor DACT Flight

and D-27 Own Training Evaluation.

100 1 0



AB
Y

7 - CORRELATION ANALYSIS

.

URKEY
.HOOT

1 FRACT.
WINS

.

CHF.IP
RANK,

,,-

.

.GSI

-MON
.

.GSI,
.FRI

,

----,...
.

D1 STUDENT 0.0584 70:0272 -0.1061. - 0.0043 0.0901RANK ,

-.,

D2 SQUADRON 0.2551 -0.2454 0:,0136-. 0..0109 0.0117
D3 WING 0.0988 '-0.0881 0.1664 - 0.104,0 -0.0216
.D4 TOT.PILOT 0.1835 -0.2070 0.1202 "70.1184 -0.0959FLIGHT

TIME,..,HRS.
)

D5 TOT.FIGHTE 0.2597 70:3093 0.0215 - 0.0591: - 0.0254TIME,HRS. r

. .

*D6 TOT.F-4 0.0436 -0.1252 -0.2400 0.1051 0:0074TIME,HRS.
,

D7 TOT.SORTIE- 0.2684 70..2414 -0.0361 -6.0116 0.0155LAST 6 MOS.

D8 "'TYPE ACFT 0.3218 -0.1689 0.0960 -0.'0692 0.0433
D9 PRIMARY DO. 0.,3168` 0.0864 -0.1100 '0.0271
D10 TOT.BF4/ -0.1352 70:1282 0.1307 70.54 0.0385

ACM SORTIE-

Pll:BFM/ACM 0.1331 -0.0859 -0.0161 0.0400 0.1537SORTIES
LAST 6 MOS

)i ' -
,

D12 BFM/ACM 0.0371 -0.0248 -0.1099 .0.0800
, 0.1878SORTIES

LAST MONTH

D'1.3 TIME SINCE 0.0089 0.'0375 0.0838 -0.0712 -0.0357LAST BFM/.
ACM

,

D17 LAST AG- 0.0215 -0:0338 -0.2251 0.0773 -0.0540GRE6SOR,
DACT FLT.

.

D27 OWN TRAIN- 0.0595 -0.0725 -0.0999 0.0391 0.0428ING EVAL-
..

UATION .2

D28 ANY TRAIN- -0.1078 0.0367 - 0.0641 -0.2249 -0.2097ING ANOMO-
- LIES

.
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Variable D-17, -ior.

last dissimilar aircraft

as th=!:- date of the.subject!s

combat training. flight,.

was included in the inve,ztLjation-becaUse of the dramatic

effects of aggressor traihing reported by DeLeon (1977) ,

Variable D -27 the student. pilot's affective

evaluation of the perceived .1 -value of the training he re-

ceived. It was included for additional analysis- to help.
44

identify outlier scores and to ssess the of attitu-

dinal value's on performance.

Question/Answui Rationale

Type. of Air7To-Air- Missile Fired

"What A, AtiSsiles haV.e you fired?"

..e

AIM.7 , AIM 9 , AIM 4

(D-14)

Twertty7two of ti-j:Z 89 Subject (_hat they had

The

of the popula-
.

_jects hadactually-

fired the some combihati2n.cf these

missiles. f011ows:this group is as

experienced launching miss1H

sample size' (N =

rich. The

22) 1_,_

N

0

AI:(1 4, 4. 0

AI M '4, .1

AIM 9 1

AI:1 /

AIM 7, 11

AIM 9 6

22.

DeLeon,P. The Peacetime evaluation of the pilot skill

factor in the air-to-air combat.
January 1977.
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Th.fs group .-Df 22 subjects were examined for their,

in tae turke: shoot elimination. It was found/ that

three of the' 22 subjects were winners of turkey. shoots..-

. Also, seven subjects (30.4 percent). were found to be tither

winners or first runners -up; and all seven had experi.enCe

firing both the AL_-7 and AIM-9 mi"ssile.,

If was also found that d" total of seven of th 2,2 sub -.

jects7(30.4 .percent) fanished in the last two pla es in the

.turkey:shoot..- The CIP rankings were also compare for-this-

group. Of the ',22 subjects, two were predicted t 1;,iinthe

turkey.shootand six W..-_-,reprediced .fco fan1sh inlast-'places

by their Mos.

Fighter Weapon Instructor Course (FWIC)

"Are you an-FWIC graduate?(D-15) Yes No

Of the 80:subjects ire the study, sample, only one. of the

students in the-TAC ACES program had completed Fighter Wea-
r
pom.Instructor Course (FWIC) training. It was also found

-that there has been a Xotalof:11 FWIC- graduates out of the

456 subjects completing the TAC ACES training.

The sohjeCt had experienced,1700 hours Df total .flying

time, 1500 hours of.fighter aircraft time, and 1500 hours.of

F -4 flying time.

A comparison,of turke: Jhoot data shows that the sub-

ject placed second in the -Lurkey shoot contest. Both-his

'Monday and Friday GSI performance scores were shove 700.-

points. -Analysis of the FridayeGSI part scores,-howevert,p,...

'did indicate a decline of'up to 30 percent from the Monday.

GSIctr,art scores.

.1
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Treibibus ACES,At-.:ended.

"have. you previously attended: TAC ACES I
NONETAC ACES II ', (D-16)

This question was included todetermine the extent of
the subjects experience With TAC ACES programs. Specifi-

. callyi it was used to determine if any relatipnship exists
between the performance of subjectS, with any or no TAC
ACES experience, in the turkey shoot competition.' . A total
of 17 (19.1 percent) of the .89 subjects in the study respon-
ded-thath had previously participated in thy TAC ACES.'
or TAC ACES II training program. One of the subjects had-

completed.both.programs. For the TAC ACES I program, 11

respondents in the sample indidated that they had completed
the training._flihen contrasted as .a group with the total

sample of turkey shoot ,participants, it was found-that the
(group contained "one:tukkey shoot winner and two first ..

runners-up. (second-place). It was also noted that none of

the group with TAC.ACES I, training had'finished in the last(
quartile; seventh and eighth place,. Of the 11-subjects in.

- .

this group, there Were.eight-subjects (72.7 percent) that.
finished in the top four(kanks of the turkey shootdontest.

.

The mean. F74'aircraft flying hours experience for this group
was 333.6 hc.

For' the TAC ACES :I program, se7en'respondents in the

'sample inticted that -:they had completed the training. Of the
*Seven sub:edzs, fount that three t rkey'shoot winners

and two runners-up (second place) w e in this relative -
ly small croup. One subjec7 finished in 'the last quartile.

-It was also found th4t six subjects (85.7 percent) of this

groUp finished, in the upper three ranks of the turkey shoot
competition. The mean F-4 aircraftrflying.hours experience
for this group was 336:6 houtp. Further analysis indicates

104
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, .

that the mean Friday. G51, Scoe increased by 28.1 Percent
..,,

for the group with.prior TAC10ES I. experience,. The mean

Friday GSI score increased by 36.4p9rcent,,fo.the:grOup

with TAC ACES 'II experierfce. The relpfan (Friday GSI score in-

creased by 38%7 percent fOr,the.totalSampIe. (

Days Since Last DACT

p

,

"Date of last Aggressor DACT Flight: Less than

, Less than 180 Days ,tore Than
, Never " (D-17)

30 140.4ys

'180 'days,

All 89 subjects in this study were required to identify

their most recent Dissimilar Aircraft

perience into three categoriei:, less

180 days, and more than 180 dayS. An

,Training .(DACT) ex-

than 30 daysr,less than
.4'

additional, category,
4 ,

"Never," was provided for tthose subjects haying' nog. DACT

experience. Of the 89 subjects, their DACE' experience is
,

distributed as follows': .

'

less than 30 day's N. = 10.

less than 180 days . N =-1. 28

more than 180 days N == 34

Never N = 37

The relationship of recent DACT experience and

turkey shoot performarice is contrasted in Table 38.

be seen thatc41gFcent of those subjects with the most
DACT experience ( < 30 days) were also winners of the' fur-

key shoot competition. In addition, these same'subjects

(N =.4) comprised one-third of the total group of 12 turkey'

shoot winners in the study. The table also Shows that more

than half of 12 winners .had some DACT expeLence.

Six of the 10 subjects in the first Category ( < 30

days) were either turkey shoot winners or runners-up. This,_

10? 3



TABLE -38 - SUBJECTS PER CATEGORY

.

DAYS SINCE. LAST DACT FLIGHT
.

< 30 DAYS
_

<180 DAY, > 180 DAYS. NEVER
k

WINNERS 4 2 I 1 .

RUNNERS-UP : 2 4 2 -..

L
. THIRD ELIMINATORS 3 10 '' '3 8

SECOND ELIMINATORS .. 1 8 3 -10

FIRST ELIMINATORS 0 4 5 10
. -

TOTAL 110 28 4 14 37-

TOTAL SAMPLE N = 89



r,

can be contrasted ith the winner0 and.firi

the no- experience - (iever) category. In

nine subjects (24,4percent),,,,of, the 37 subje

shdot yihheris'or.runners -qip.
c

,

tines -up in

gr-_o, only

ere turkey

Other Visual Air-To-Air Simulaifors Fiywn

a

"What other visua1 A/A simulators have you flOwn?"

(D-18)

The, question was included to determine the extent cf

the subject s experiende with' other visual sai""to-air simp-
,

lators. As anticipated, the sever' subjects that resionded 40"

:3 the question cdnternirig TAC ACES II experience (D-P.16)

also responded here, and they were deletedfrom this analy-

SiE. A tota- 1 11 respondents_indicated that they had

flown one faMiliarization flight of up to 60 miffUtes dura-

tion in the TAC simulator for air -to -air combat (SAAC) . Of

1
this group, eight of he subjects (72.7 percent) had a mear

F-4 aircraft.flight'h rs experience F7/6.3 hours and three

subjects had a mean of 468.3- hours. When this, group'was

contraszep. with the"total sample of turkey shoot oartici-

pants, the results were inconclusive. Only one of the group
-A

was a -zurKey shoot winner, None were first runners-up. It

was also fourn that seven subjects (63.6 percent) of the

qroup zerformed in the lowest two quartiles of the sample.
t.,

Combat Experience

"How many combat sorties have you flown? (D-19) sorties."

"What =s' your total dombat'flyialg time? (D-20),hours."

"Number of kills? -(D-21) ."

"Number of hits recorded. (D-22)."

.107
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"Numer- of:EAM.encounters. (D -23

"Nur-Iler -fhostile- aircraft enga. ,ments.
-, ,

"Ni=ber of hit receilveer: (D -24 "...

11

. AA.
4 °

The questIons on combat exIDErience were developed 'to

detrminethe degree of relatiOrhship-beteen.these factors'
A

L-anc.-b.urkey'(i-hoot performanc4; EIgh7 of the 12 TAC ACES I

classes responded to the 4testionsJ

There...'1.4ere 18 respondents t thisseries-of ::ueStions.

A total ;of ).Kresondents had indicated ,fighter cr attack-
,

type as theiroaircraft.: One respondent inc;iicated a recon-

naissance-type"R
.

C-135) and was "note kncluded here. As ate, .

.

group, the -'17 sujects had a mean. combat flying time of,f

3f6.1.hours and a mean' of 131.2 combat sorties. The-group,

hadflown'12 differer aircraft types in combat. This ir-.

cluded six fighter type, three attack t..ipe. thJee ob-
.

servation type aircraft. Results indi.-ate tAat thre was

one turkey shoot ,inner inttiis group 17 subjeccS. The

sub:ect indicated 72 o (b =at flying hcs eter nieze inIca

observation (07-2. Off-- 0) airecraft. It gas found thaT thi.ee

subjects fini0ed as _first runner -up,. and foursubLiectsof

the group. finis:.ed L- last place. The group was aLs( con-
. trasted with th, predicted rankin s of the CIPs with simi-

lar results. 'Me instructors ranked eight subjects Ln the',

uppei half of t_e turkey slot and nine subjects, 1:- he

lower half (four ranks).. T e results inc.icate thal-. for

this sample, combat experien e oT this t,:pe is not. 2ajoi.

factor in predicting turkey shoot performance.

Own Training Evaluation

"What is the value of the overall training provided,

in this course to yourself? (D-27).".
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A

lis,question was contained'in-'the A: ACE; Program
,

Evaluation and' Critique (ee =:,.ppendax E)

The questionnaire was aeveloped,essenti..ally as an end-,

_of-course critique flprOthd-TAC ACES program) It consists

«primarilx of bipoldr$descriptiye and acceptabil-ity scales.

ritive space is provided for-observations and other com-
,

m nts. It-was incluae inthe study to obtajrn the,subject's

perceived value of the training they obtained. These data.

were to be used to assess_threlationshp.between the sulo-
,

ject's own train evaluation and turkey shoot performance.

yre 'results from the tota .3ampie of 89 subjects show that

87 subjects (97.8 per=cent, evaluated the overall training

as having appositive effect, and only two of the subjects

evaluated he training as- having no effect on their'per-

formanOe. In .-aleition 7,6 of the 87 subjects evaluated the

tt'aining as having 1 substarItal positive E fect on
ti

performance. Both-sut7ects wr responded t. at the training

had.no effect on their'performance finished in. the.lower

half of the turkey shoot rankings; ancore finished in. last

place. The resultE of the,T.orrelation analysisa's shown in

Table 37, indicate the correlation .if this variable

turkey shoo-L rank, fractionL. wins, instructDr pilot rank:
.

and CSI ,scores for Mc:H.ay Eriday. It ca be. seen that

the " "R" values are ou_:e.10 __:.dicating tack of relation-

ship between this variable an the five d,:_:endent variables

..cited.
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PSXCHOMETRIC-ANDEDUMETRIC BATA-5ANALYSJS
\k . -'

-
t

,DISCUSSION
6

Indivi9ual:and'gioup pergiOrmance data Were"rbcordedforA

all thelk49-subjeCts in this study: Tile mean 'GSI pdrformance

scores for the MOnday,and the FridAF data epsions were dal-
.

culated and plotted for each of the 12 cla sessand;,are

shown in Figure 19. For these data, two least squares linear
trend liries:were computed, using the number of classes and

the class mean Monday GSI scores and the class mean Friday

GSI scores., :These trend lines were constructed using the

I-

data in. Table 39.'

Fbur of the 12 TAC ACES''classeS in thiS study were
1

subjected to separat6 analysis. Irk addition to the normal

TAC ACES Monday and Friday data collection sessions, GSI

performance data. were recorded on.Wedhesday.of the training

week. This:yielded three sets of performance data for each.,
of the four classes. 'Scatter diagrams, linear and quadratic

curves, and frequency distributions were constructed.

For clarification, edumettics is defined hexe as the

measurement of an individual's gains from training experi=

ences by the quantitative assessment and analysis of:per-

foriRfance datalto include individual and group data. Edu-

metrics is shown to be concerned with measures of learning

performande in contrast to pdichometrics,which is concrerned

with the measurement of individual, differences (i.e."

sures of individual innate abilities and traits).

Psychometric Analysis

the results of the individual performance scores for

each of the subjedt pilots in the four-class sample are

shown by class group in Figure 20. A total of 81 data

points,were used to fit linear and quadratic leastsquare
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TABLg 39* .. CLASS AVERAGE GSI DATA
. , i

.0;

CLA751,S:,

*NO. -
.

.
..
, -.1,

%. MONDAY --,
,

. .
.., Gpi ,.

. .

_ ,.

, ....
. FRIDAY

..,- GSIP. ^ ,A 1 -1151.,' 701119
,
686:04"

J. 669.13'i
660.8*.
604.86
652.13
583.00

r 576.00.
S58.38

°. '671.0C___
554,63
630.29

1 :

2
-,

3 -

"4

5

6.

7 1
, .8

..4

9

10

. 11 ..

12 1

.4,
,..

,.

.

a

.

.

r

. 660.2-9- ';.r 0
' . 465:2-5

O. . r, ,:r
32'7.1? -

529.38
- 433.14 I :

)
. 567.75

.265.50
505..88
341.63
480.13
420.75

. 377:43

....

.

tal,

.

.
_.

.

,

9,

INTERCEPT
L526.574,6212 \ 688.474,0909.

SLOPE 12.111,031,47 .' 9.155,437,06
= 1

X = 12

A514:464

381.242 :4-

679.318W,

578.609.
t

R
..-- 0.3929

.

Q.6382
..4e

STi.DEV. 111.1445
a ,51.7235
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lines for all foUr classes in the sample. These are shown

in Figure 21 :(For clarity of presentation, the individual

* subject data has been grouped by class). When,compared with

Figure 20, it can be seen that both the linear and the

quadratic equations developed approximate the centroid of
the mass of data points for each pilot.

Class 7826, as shown by the data in Figure 20/ consis-

ted of four students, which is half the size e normal

TAC ACE'S class. These indiVidual pilots rece ed more in-

tense instruction and training due to the lower stuaent/in-.

structoratio and the" greater amount' of simulator Jse time

available. The individual performance improvement as the

length of training increases is clearly apparent in Figure

20.

Both the..linewi. and quadratic lines fit the data welk...
Objective measures of these fits are shown in the edumetric'

analysis. The quadratic curve is:-preferred in describing

the cl4ta because it approximates.true learning rates, whic

tend to be non-linear as a function o ime. Here it speci-.

fically shows a higher rate of_learning ing-the early'

phases of training
. and a lower, slower rate during the final

training phases.

The distributidi Of the GSI scores by daS, of training

are shown characterized by normal'diatribUtions in Figure 22.

It can be seen that the mean ( X ) GSI scores improved with

length of training.

Tgol6 40 indicates that the standard deviation of the

scores. ecreased as length of training increased. This

would indicate effects of learning. The reduced varia7

bility in the Weunesday and the Friday Standard Deviation

values suggests that the subjects were using their experi-

ences
/

gained during th? first 471/2 days.of training. and

calibrating their performance reaponses.to the expected

and anticipated performance of the canned targets.
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TABLE 40 EDUMETRIC DATA BASE

CLASS

NO.

- PILOT
NO.

. Y. .= GSI SCORE
MON (X=0) WED (X=2.5) FRI (X=4.5)

I - .

1826

1

2

3

4

359
312
266
125

583'

.628
471
508

595
601
589
547

P

7828

..

1

2

3

4

5

6

7

8

309
393
304
210

: 531
234
304
199.

494
743
590
635
638
332
649

414

49.9.

549 .

552

, 794
447
562
570'

494

7829

,

1

2

3

4

5

6

7

8

'f

393
687
391
553
247
34.

*577

364

546

617
522
524
317
441
469

521 +,

.487

851
:739
751

. 531.
--527

-716

581

7831

1

- 2

3

5

6

7

8

.,

:

550
264
553.

187
145
414
529

631
595
449

676
631

/590
568

681
571
566
515
46
690
773

MEAN 361.778 547,481 607.185
,

STD. DEV. 147.563 101.993 105.093
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Figure 20 is included tO: show the degree of individual!

change inperformance score for.each subject in this sample
oVer the 4.5 day training week. The data indicate the

individual subjeqts had a mean performance score (GSI)
improvement of 61.3 percent for the 27 subjects in the sample.

Edumetric Analysis

The CSI Wednesday performance data collected for four
of'the 12 clasres in addition to the normally scheduled
recordings on Monday and Friday are provided .in Table 40.
The method of analysis was to fit a straight line and a

quadratic curve through the data. The objective was to
ascertain the gene'ral trend in GSi scores as a measure of
group learning(-rates as the classes progressed. The X-vari-
able chosen was days of training 'completed. Each student
was asufned to have no training, i.e., X=0, in Monday when I
the first GSI scores are measured. The students were
assumed to have received 2,5 days of,traini (X = 2.5) by
Wednesday and by Friday morning, 4.5.days

4.5).- The Y-variable used was GSI score.
./ /

Figure 21 'shows a scAtter diagram of the GSI scores

of training (X

versus days of teining using the data-provided in Table 40.
The figure'ao shows the linear and quadratic leas ares
curves fit through the data. Both curves can be se &n to fit
well throu -the central regions of the data for each day.
AlSo, ea hows the generai trend of GSI core increasing
with days of training. The scatter diagram also shows the
wide variattwl in scores for each day and the general over-
lap which occurs from day to day., This broad variation and
day to day overlap 'also points out the general weakness of
,the predictive ability of the initial GSI Score.4,

The linear versus the quadradic,curves are contrasted
in Table 41. Here the actual linear and quadratic equations
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TABLE 41 - ANALYSIS. OF VARIANCE OF

LEARNING EF7E

LINEAR MODEL:,GSI =.376.345 + 55.344,2 (nY)

SOURCE OF
VARIATION

.
SUM-OF-SQ. DF

4

MEAN SQ., F-RATIO

SS DUE TO 840,790.0326 1 840,790.0326 56.294,993,72
REGRESSION

SS ABOUT 1-:167,456.189 79 14,777,926,45
REGRESSION
(RESIDUAL)

,e

TOTAL, SS 2,008,246.222 80 '

ABOUT. MEAN

2R (Coefficient of Determination) = 0.418,668,798,3

Correlatibn Coefficient) =-0.647,046,210,4

QUADRATIC MODEL: GSI = 361.7 +92.964(DAY)-9.873,3(DAY)2

SOURCE OF
VARIATION SQM- F-SQ.. DF . MEAN SQL

SS DUE TO 88- ,476.7408 2 442,238.3704
REGRESS ION

SS ABOUT 1,123,769. '78 14,407.301,04
REGRESSION'
(RESIDUAL)

TOTAL SS 2,008,246.222 80
ABOUT MEAN

DAY:

MON. = 0

;WED. = 2.5
FRI. = 4.5

R
2 (Coefficiept ort Determination) = 0.440,422,459,7

R :_ion Coefficient) = 0.663,643,322,6
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are shown along with an analysis of variance table for the

line r regression and "variation breikdown" for the
qua ratic equatiOn The multiple correlation coefficients

are also prorned as well as coefficients of, determina-
%ion (R2 ) for b9th equations. The F-ratio for the linear

1 model is included and is,significant at the 99.9 percent

level! (F.99(1,79) = 11.68).. This indicates that the slope
of the straight line is.si ificantly greater than zero and,

thus, that GSI Score increases at an average rate of about
55 points per dayof training over the 4 -1/2 days of train-

*,

The calculatiortof 11?.. (the coefficient of determination

or the multiple correlation coefficient squared). is a mea-

sure of the proportion of total variation about the mean of
the GSI core explained by the regression line. Thus the

straight line explains 'about 42 percent (R2 = .419) of the)
variation and the quadiatic equation explains about 44per-
cent (R? = .440) of the variation between training time and

improvement in GSI.\

A test was also'made for "lack'of fit" of the straight

line .to to GSI Scores, The test involves bi-eaking the

residual. sum of squares' into two Parts, 9v:eepart measuring.

pure error'and the other''measurin lack-offit. Repeating
the residual sum of squares for the straight line in Table
4l repults in the following breakdown:7

SOURCE OF
VARIATION D.F.

Residual A 79

Lack-of-Fit,

Pure Error

SUM OF - SQUARES

1,167,456.189

MEAN SQUARE-- RATIO

1 43,686.708 '43,686,708

78 1,123,769.481 14,407.301,04

F
.9

'''

5
(1,78) = 3.92

7
Draper & Smith. Applied regression analysis.
John Wiley and Sons, 1966, 26-31.

3.032,262

New York:
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Now since 3.03?< F.95(1,78) = 3.92 there 'is no reason to -
)

doubt the adequacy of.the linear model, the lack of

fit ,is not4significant.

/A flirther point of interest is the actual.normality of

the distributions of the GSI scores being analyzed by day,

that .is, is there' any reason to doubt that a given set of

scores iv normally distributed? The Kolmogorov-Smirnew

(K-S).'teSt of goodne s of fit was applied to GSI scores

for eachday,8 The' Cores were found to be normally dis-

tributedat the percent significance level for each of the

three sets of GSI cores.
4 : Since it`h been established that there is no reason at
the 99 pir evel to doubt that the GSI scores are nor-

mally distributed, it is reasonable to-present Figure 23

which shows Aree normal densities with parameters .(means and

standard deviqtions) equal to their estimates calculated from

the-GSI scores for each day. This figure graphically shows

the changes in tSI Score distibutions which tAe.place

during the course of raining. The means of the distribu-

tions increase with raining time. On Monday the standard

eviation of GSI scores is compared to Wednesday and Friday'

(S = 14(7.6). .By
,

Wednesday, however,-. this has de-
.

-

' .f , 0

Lcreasedabout 3 percent over; Monday ("5 (WedneSday)=102'.6)',arid

then by Friday there appears to,bea. slight increase, (S(Fri-

day) = 105.1). ..To determine statistically. if these.dif7

ferences in variance exist, Bartletts chi-,square:test9 f9r

quality of standard deViaticins from normal distributions

as applied.: It was determined th t the null hypothesis of
=

rik). difference between variances, (H
o
: a

2
(MOM 2

.= a (WED)

ci

2
.(FRI4, cannot ybe rejected at the 95 percent confidence

level but can be rejected.a.the 90 percent confidence levek.

8 Ostle & Mensing. Statistics in research (3rd ed.).
Ames: -Iowa State Unite NWIrgity Press, 1975, 489-490,

9Ost1E.and. Mensing. Statistics in research (3rd ed. ).
Amesj 'Iowa State Univ..ersity Press, 1975, 127...
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VI. CONCLUSIONS AND RECOMMENDATIONS

Generia

An experimental investigation has been performed, that

statistically validates the ability of anirOrmgirically de-

rived performance, measure, the GSA, to correctly predict

student,pilot performances ,in TAC ACES I free engagement

exercises. The empirically derived GSI is shown to exhibit

correct prediction cagabilities of student pilot. performance
comparable to that ofexpert opinion, subjective.studeot
performance predictions !y instructor pilots.

The empirically i deri d GSI predictor was improved'

using statistical methods The fou'r parameters/"of the'ini-'

tial (eMpiiical) GSI, when optionally weighted, 4ereshown
to predict student pilot placemnt in the turkey shoot with
about 75 percent accuracy. Thee four parameters, time in
gun firing envelope, average mil error, offensive /defensive

timel'and time to first kill, are intuitive to the-experi-

enced combat'pilst as measures of ACM skill. Each of ,..the.

-foure-when objectively measured, can ipe'uaed as teaching aid

'in the development of air combat skill in the student.pilot.
r- ,

Further, improvement in the GSI was obtained .by i9clud-
,

in 'certain available objective and subjective parameteks.

Th optimal methods are shown to be excellent.predictorsof

student performance (at least within the exppriment data)

showing probability of cdrrect student performance predic-
.

tion near 80 percent in free engagement exercises.

It is splcifically recommended that the GSI algorithms

and methodologies of this, initial study be tested in the .

Simulator for Air-to-Air combat (SAAC) at Luke AFB and on the
Air Combat Maneuvering Instrumentation 4ACMI) Range at Nellis

AFB to determine an objective measure of transfer of ACM

training between the simulator and the aircraft.
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Inoreaged Sample Size

The results of e study yield.GSI models that may be

applied to the TAC AC :S I population. , The s,.7ple. used

to derive these move was relatively snall,f12 clsses) but

was related to th= whol by statistical inference, It. is
,

desirable to conti a collection and. statistical analy-
\

ses under thersame rol conditions as the_experiment to

accumulate a larger data sample.

It would be useful to collect additional TAC ACES I

data for the following reasons:

1. To provide alarger sample which would provide

more precise information on the distributions ofiithe'data

being considered;

2. To validate thd predictor models derived in this

study. Careful examination of GSI data collected previous,

to this study was -foundto'be poorlydoqUmented'and of

-1fmited use in validating_the predictor models. ''Care must

be taken to assure that reasonable cpntrols are placed on

the data colledtion itself as -lack of controls affect the.

of, the samples themsdlVes,:: By its very natute,

this kind of datA is very sensitive:- .Lack of careful Sampl-

ing can result in collection of data from essentially

different populations than that desired and, hence, valida-

tion" becomes difficult.

DemoREaphic Data CorrelatiOns

_ The master database provides a means for urther

Statistical which can be of value in assessing
/ 11

.training and tr-,:inJ_ng requirements in ACM simulators.

IIOn. file at V;.ht Corporation, Dallas, texas..
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It is recommended that an investigatiOri(be -initiated.to as-
certain what deMographic correlations can contribute, to the-

.

overall readinesS training program. In order to accomplish
this objective, it is necessary to continue to A collect

these data, b) supplement these data with other data which
may be of

tion. with

valUe, and C) analyze the 'data to obtain correla-
,

simulator performance, measures and, ultimately,
.d) assess performance' on theACMI range exercises.

Apply GSI to Ot.145ACM Simulator

The parameters comprising the GSI, if measured'in a

similar manner andiander similar-conditions, ar-7pPlica-
. ble to other ACM simulator training. The interrelktion-

ship of these paraMetersi i.e., weighting and interaction,
is believedto be speisific for-a,garticulaesimulator and
training syllabus. It is recommended that the GSI, as

derived for .TAC ACES I, be introduced as a, prospective

measure of student pilot performance in an ACM simulator

such as 4t4e SAAC and adjustments made in the 'parametric

contributors to develop. a Statistilally derived GSI specific
-

to that-facility and training syllabus.

The GSI Application to ACMI Range

The promise of the GSI as a screening tool to aid in
the selection.oighter talent is premature, but given

a larger data sample and successful application of the GSI

pct range opetional exercises such as the ACMI range at

Nellis, the GSI could become thatpowefful tool.
4'
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Potential Utility of the GSI

The GSI was shown tobe a measure of student pilot-per-
t

formance in the TAC ACES I Program. GSI scores.indicate

the relative,peAormance of.students_in.the simulator and

careful scrutiny o the GSI contributory parameters can

evaluate the stro 'g end weak points of a given student rela-

tive to his overall performence measure. These "part scores"

are associated with basic flying maneuvers, tracking, wea-
-4.

pon,.switchology, etc. frqm.which judgerrients may be made by

the(instructor pilot where to concentrate his training

efforts.

The GSI may also be utilized to obtain a measure of

student .pilot learning trends during the simulator train-

ing period. The skills of!pilots air.combat can'vary

greatly depending upoon individual background experiende
;

and innate ability. The individual learning labiliies

also vary. The GSI' may be used as an indicator of, a

4(p.,ilot's Current proficiency in air combat, aswell'as an

indicatOr of improvementS in air combat skills in the

simulatdr.

The GSI can be sed to establish' do optimal' training
, .

period -for the-nor'm student by statistical investigation of

initial student skill and skill growth over training
y

/periods varying in duration. -i% cursory survey 0 the
4+,

12 class sample in this experiment indicates that an

ogtimal training period in, the simulator can be established

for the TAC ACES I_population by further statistical analy-

ses ofletudent entry skills and student learning trends.

Contributing parameters that comprise the Air Combat

Simulator GSI have rudimentary commonalities with many other,

flight simulator training devices. It is p2bbable that

other flight simulators,. i.e., Weapons Syst

7
Trainers

s--I(WST), Operational Flight,Trainers (OFT),. nstrument

126 135.
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Fl ht Trainers (IFT) tc., can utilize the same.or sini-
14r ethddologies as resented ihthe report to achieve
Acieirp,arablesimulator performance measures. .

Ucility of Data Taken Ddring.Turkey:Shoot

N-

The turkey shootidata were examined to investigate the
14ility of the-date"collected.during ;turkey shoot competi-

.

tion. The performancemeasures and the data formati were
"essentially identical to th6se used in the QSI'..data. A. ,

basic difference is that perforffiancedata were recorded
separately and simdltaneousl for'each-pair Of combatants.

GSI sCb-kes mere computed from .this data pet.

The performance results were examined for a class
Selected at random:

The, data indicated that pilots who finished in the

upper_halfoftheirkeyshoothadi, as a group, lower'mean
minimum altitudeVallies.thanSiIotP whb finiihed in the
lowerllalfof'thethat a suffi-

.

cient body:Of'pileit.performance.data has been collected,to
),warr t a detailed statistical analysis. A cursory examina-

zion of the data indicgtes that trends of a relationship
appeakg,gkoexist between turkey shoot rank and factors such
ag maximum g, minimum altitude,. -and'offensive time. The
free engagemIntdata may.be of. value since they approximate

engagements;on an air combat maneuvering" range:' 'the "data

maY alsojpe usefdl in determining links.between GSI per;

formance predictors and those predictors to be determined
for the A6MI range(S).
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Limitations of the GSI System

The GI as presented in this report is specific to

TAC ACES I trai-ing. HoWver, its applicationto other

air combat simulator training where. the environmerttaltrain-

ing features are similar, i.e., training hardware, software,

.and traiaing,syllabuSes are of a similar character, may be

expected to yield good measures of air combat skill (in the

simulator) ."

The GSI scoring system is derived for air combat one*

versus-one engagements at the inception ofoffensiVe/defen-

sive maneuvers. In itspresent form, the GSI is not appli-

cable where initial sightiftl'of adversary or two-versus-one,

one-versus twp, is instrumental in the training scenario.

The 'GSI is anobjective :indicator of air combat skill

in the simulator but should not IA construed as'an absolute

measure. It is.not proposed as a substitute for.subjective

opinion- When the. twomeasures, psi-,-,nd the subjective

opinion of the instructor, pilot are usea'in conjunction,

they produce a, maximal evaluator of air combat simulator.

GSI Application to Other ACM Facilities

The de#gree' of-fidelity of simulation, training:sylla-.

bus and the extent of training are factors goVerning trans-

fer of training for a given task. In general, ACM simu-.

lator facili,ties differ widely in the synergistic fidelity

of air combat ,

La of absolute fidelity in a simulator requires. the

student pilot to suppress many preconditioned responses

and acquire associated responses-to representatiVe exter-
.:

*41.14 'nal stimuli. The ability of the student to transcend to

128'



this representative environment directly affects his per-
forpance in a.particular simulator.

The differences in fidelity-of simulation between simu--/
.

lators of like.kind and the difficulty of association trani-
fer experienced by the student will determine the applicatd
bility of the GSI to other ACM simulators as a measure of
,ACM skill and as a predictor of free engagement one-Versus-
one contest results:.

Some examples of known ACM simulator fidelity differ-.
'ences which can influence GSI application are motion/no-
motion, g-suit/g-seat, giound rush visual cue, and the ex-
rent of computer modeling of aircraft flight characteristics.

(aerodynamic fidelity, control response fidelity, instrument
and weapon systems fidelity). The effect of the differences
an bet positive, negative, or neutral, on the contributory
paratheters)of the GSI

. N
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APPENDIX A - ANALYTICAL METHODOLOGY

The analytiyal methodology used,in the study began' with
preparation of elementary statistical displays of the GSI
and the four component variables used to calculate the GSI
score. These displays consisted of histocirams and scatter
diagrams. Variance-covariance matrices and correlation

0
matrices were also generated to analyze relationships be-

.

tween the variables.

Regression analysis was` used extensively in.an attempt
to define suitable functional predictive relationships-be-_

tween.the various candidate predictor variables and turkey I,
shoot outcomes.

Two Y-variables (dependent variables) were considered
in the regression analysis. They were turkey shoot rank,
i.e. 1,2,3,4 ..., and fractional wins. "Fractional wins' is
define8 as the ratio of total wins to total engagements in
the turkey shoot for a given participant.

Both vaT.iable selection and ridge regression were used
in addition to all-variable regressions to explore the
utility of direct predictive relationships.. Various non!
linear relationships (in the candidate predictor .variables)

-71>b,ce expSked, but none provided relationships as good as .a-
simple GSI ranking predictor. There are several possible
reasons why this was so: .Exploration of the X'X matrices
indicated that in all cases minimum eigenvalues were very

,close to zero. This is indicative of the,existence of
a

multicolinearities in the predictive. variable sets; This
condition indicates that basic assumptiAns generally used in
the. application of least squares are being violated and also
that it is likely the parameter estimates will vary subH
stantially from sample tc sample. Another difficulty vids
shown to exist from the analyses-of variance performed.
This was the significant ,variation de ected between. classes

dr. 133 142a
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The regrepsion models were obviously affected by this and

the fact that no constfaints were (or could be) applied to

rank predictionS. For'example, only one winner is allowed

per class, but several might be predicted.

In general, moddls explored using ridge regression

showed a degeneration in predictive capability as the bias

factor was increased..-While, in general, the parameters did

stabilize, as might be expected, the predictive rates de-

clined and remained unacceptable.

The all-,Variable; variable selection\ and ridge regres-
.,

sion programs used-'in this study had been developed by

Vought previous to the beginning'of this study.

AS it became apparent that. the regression programs were

not providing useful indicators of predictive ability, it

was decided to explore three sources of 'variation in the GSI

'scores

8is of

ded in

and the GS

variance mj

component variables.

thodol gy, the sources

is were "between" days, "between"

classes, and "between" turkey shoot ranks. 'In gene'ral.,

significant differences tended to appear between days and

the three-way anal

Using basic analy-

of variation inclu-

between classes.

At the beginning of the study, a master data base was

designed'and then implemented.

source data tapes into a common

veniently studied, 'manipulated,

This brought data from the

file where it could be con-

and reduced to foems.suita-

ble for use with the statistical programs.

The.next.and final statistical program exercised againSt

the data was the Disc-ilnant Analysis-prograM provided in

the SPSS package available on Vought's System 370. Discri-

minant analySks can be used to classify,data slats intoA3re-
\

defined groups. In the case of thiSarOlysiS, thegroups
Q

were defined as combinations of turkey-..shoot ranks. As

4
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J explained in the main body of the text,-this part of-the
analysis was' performed for four different .groUp defini-
tions with four _different data sets. The program was
always operated in the variable selection mode using the
Lam&ciariable selectionoption.- Data sets-, prior Lo in-
put, were sor ted by turkey shoot rank with all.winners at
the.top of the list, runners- up-following, and so on.: Pro-
gram control parameters were then used to define the number
of groups and the number of members of each group. As noted
above, four grOupings were defined for four different data
sets. . Thus, in .all, 16 discriminant analyses were per-
formed. These,.in general, provided the best predictors of.
turkey -shoot outcomes developed in the study. The results ,

'A
are documented...i n the main body of the report.

Several other 'commonly used statistical techniques
were also employed. Among these were the calculation of
confidence intervals on the proportions of correct classi-.

fications of cases by the discriminant program using data
from the 12-claSs ample. This procedure made use of the
normal approximation to the binomial distribution which
is often used where sample size is adequate. Certain tests
of hypotheses were also used during the comparison of, the

_Adisdrithinant results' calculated from the 12-class sample
and With-the four classes of data-used to test various pre-

_

dictors. This was used.to test eqlolity of .prediction rates
of the discriminant predictors on the 12-class experiment
data with the four class test data.

Certain other tests were'employed to test for normality
of data and applicability of a straight fine to the learn-
ing rate data used in the edumetric analysis. Footnotes
are used in the main text to identify references.applicable
'to the statistical methods employed.
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APPENDIX B

FORMS PTILI ZED IN THE
GOOD STICK INDEX VALIDATION STUDY

1 4 5
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'TAC-ACtS BACKGROUND SURVEY

1. FULL NAME RANK .(D-1) '2. DATE
3. CLASS & PILOT # '4. ACES I 11, ACES II LI
5. MIL ADD, SQDN (D -2) WING (D -3) _BASE (D-0) ZIP, (D-0)

6. TOTAL-FLYING TIME (D-4) 7. TOME FIGHTER TIME (D-5)
8. TOT. F-4 TIME (A/C & IP) (p-6) 9. SORTIES (LAST 6 MOS) (D-7)

10. CURRENT IN: F-4C E1 F-4D , F-4E [ ] , (OTHER)0-8).Li
11. PRIMARY DOC: A/A A/G RTU (OTHER) (D -9) 17
12. RECENT BFM/ACM:EXPERIENCE: SORTIES -TOTAL (D-10),

LAST 6 MOS (D-11) , LAST MO. (11-12)

13. TIME SINCE LAST BFM/ACM1 0-2 WKSF1- , 3-4 WKSr] ,

5-12 WKSF] 13-25 WKS , 26-52 WKS (D-13)
14. WHAT A/A MISSILES HAVE YOU FIRED?

, AIM-9[ ,

AIM-40 , NONE0 (D-14)

15. ARE YOU AN FWIC'GRADUATE? YES_ , NO(-] (D-15)
16. HAVE YOU PREVIOUSLY krTENDED: TAC ACES I-1

TAC ACES IIti , NOR' (D-16)

17.'DATE OF .LAST AGGRESSOR DACT FLiGHT.T:LESS THAN 30 DAYS--
LESS THAN 180 DAYstY, MORE THAN 180 DAYS ,

NEVER[] (D-17)

18. WHAT OTHER VISUAL A/A SIMULATORS HAVE YOU FLOWN? (D -18)

19. COMBAT EXPERIENCE: .YES NO . IF YOU HAVE HAIL COMBAT
EXPERIENCE, WHAT IS YOU TOTAL COMBAT FLYING-TIME"? (D720)
HOURS. HOW MANY FMBAT. SORTIES HAVE YOU FLOWN? (D-19)'
SORTIES..WHAT TYPE bF AIRCRqT HAVE YOU FLOWN IN COMBAT?
(D-0) NO. OF ArRCRAF1' ENGAGEMENTS (D-24). NO. OF HITS
RECORDED (D-22) . NUMBER OF HITS RECEIVED (D-25)

. NUMBER
OF KILLS,(D-21).. NUMBER OF SAM ENCOUNTERS. (D-23).

20. DATE OF BIRTH (D-0).

:*D-0 NOTAt4CLUDED IN ANALYSIS'
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. PILOT NO.

1

TURKEY SHOOT FORMAT
DOUBLE ELIMINATION

STUDENT PILOT BRACKET

3

3

SEMIFINAL
LOSER

5
SEMIFINAL
LOSER
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INSTRUCTOR OPINION FORM

In your(opinion, tiow will each of the students in class

perform in the Turkey Shoot Competition? Please rank-order the students

on a scale of from 1 to 8. Use the rank of 1 to identify the student who

you riol will win the ,Turkey Shoot, the rank of 2 to identify t)e first

runner...up, gnd so on until the rank of 8 to identify the student who you

feel will place last. Please rank all the students.

i.

IN3TRUCTOR PILOT DATE

NOTEt Please complete this form before the Student Turkey Shoot CoMpetition

\./each Friday. The form will be co114tca from yol; by Mr. B.A. Jorge sen.
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TAC ACES DATA COLLECTION VERIFICATION

CLASS DATE

TEE CURRENT, TAC ACES TRAINING SYLLABUS WAS APPLIED,' AND ADHERED TO,-CONSISTENTLY DURING THE DATA,

RECORDT.PERIOD(S)FOR THIS CLASS,

r

0

r

'144.

INSTRUCTOR PILOT DATE

THERE WERE NO APPARENT MECHANICAL OR ELECTRICAL ?ERTURBATTONS IN THE AIR COMBAT SIMULATOR DURING

THE DATA RECORDIiG PERIOD(

z

FOR THIS CLASS, (EXCEPTIONS AS NOTED ON REVERSE:SIDE OF THIS FORM),

" 1 .

INSTRUCTOR PILOT DATE

d

,SIMULATION
°

DATE

THERE WERE'Ii0I4 COMPUTER 1ALFUNCTIONS OR ANOMALIESPRESENTIURIG THE DA Tog)* PERIOD (S)

AFFECT

4 , r 011

FOR THE CLASS,WHICH WOULDAI THE DATA BEING COLLECTED, P(iWEFTIONS
AS .NOTED ON REVERSE, SIDE OF

1,

,

\

,

THIS ?MC

COMPLETED FORM WILL 'AE COLLECTED BY

MR; R. A. JORGENSEN.
REAL TIME COMPUTING DATE



TAC ACES PROGRAM EVALUATION AND CRITIQUE

NAZ21/RANK CLASS # PILOT #

TAC ACT...5 PROGRAM: I ( ), II ( )

NOTE:-Alhis evaluation will be conducted in three parts.

In part I you are asked to give your ratings of the utility of this training
Concept. Ihshort, regular exposure to visual air-to-air simulation be
beneficial? Does it posseis the potential to increase your combat capability?

In part II you are asked to assess and rate the relative benefit of the
-simulator its,e1Q including instructional features. What improveMents must it have?
Where is it'good enough?

Part III consists of unstructured questions.releting to simulator training
capabilities Enid limitations, course value, instruction, and the TAC ACES program
in total.

PART I:

. Use the following scalepto;rate each question and add. appropriate comments
an necessary:,

Rating. General palaning.

5 Substantial positive training
4 Slight positive trailing
3 No effect,
2 Possible negative training
1 Definite negative.treining

A. What is the value of the overall training provided in this course to:

4 2 1. - CON,ENT
__.

Experienced pilots

.

.

.
.

,
.

.

,Inexperienced pilots

Yourself
.

A/A DOC.pilots

A/G DOC pilots

RTU Ift ,
.

141 151
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B. How did this training affect your knowledge -or proniciency in the following teckn;

.U:.-.e ratir:g scale on page 1.

I
5 4 CO!CkEnT

Engagement Geodletry
.

,

, ,

.

.

.Includes visual slant ran,:ei
aspect determination, closure
rate Control, etc.

.
.

1 -

A

.

.

AIM-7 Employment

. .

.

.

Includes strktlis monitoring,
laNnch envelope, launch'
constraints,-etc..

.

.

,...

.

.

AIM-9 21p1oyment,

..
See above

1
..

1 I

.

Gun F;mvelope and LCOSS

.

\-.......

,

.

.
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.PART II

The simulator's chief purpose is to aid the instructor in teaching various
air-to-air tasks. As such it:should be like the aircraft in many respects but not
necessarily in every detail. In addition it should be design d to ease the wor%lead

'on the instructor while still providing effective control over the enzegement.

o
A. Cempare the simulator to the aircraft in the following areas using the rating
scale provided:

5 - Much better than aircraft
4 Slightly better
3 - About the same
2 -
a. .-4144,46 ......AaY

5 4 3. 1 2 1 COnCNT ...

' Accelgration Performance
1

Deceleration Performance
I

Roll Performance

Pitch Performance
1

Yev Performance 4

Turn n ate
t!

AOA Indications
(buffet, tone, noise

Longitudinal Stick Feel .
,.-

Lateral Stick Feel

Rudder' Feel

AIM-7 Performance

AIM-9 Performance
.

GUn Performance

Gunsight Performance

IR Tone Operation
.
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B. Do you feel cockpit motion is necessary.for an A/A simulator? Yes ( ) No ( )

ICcth,,ent:

PART III

What A/A tasks and/or BF:! maneuvers CAN be trained in the simulator?

B. What do you consider to be the best training features of this simulator?

C. What A/A tasks end or 'P-7Mrmaneuvers CANNOT be trained in the simulator?

.4t

pJ

4
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, . . .----
. .

/r A. What do you
1
consider tb be the most significant limitations of this simulator?.

, -

E. the training provided during this week improved your overall operational'
fighter skills? Yes (o_ _,)----No ( )

Coz=ent:

Should the course be offered on a recurr :ng basis? Yes ) No ( )

Comment:

AA

G. Colm;ent on the quality and quantity, of instruction.
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.- What features capabilities would you like to see added to this simulator?

. _

Idst-any,co=ments/recotmendattons you have regarding the TAC ACES program.
(i.e.,'syllatus/adMinistrative/scheduling/quarters/transportation/ctc....)

et.

got



APPENDIX C (.

TAC ACES I TRAINING SYLLABUS
AND

TURKEY SliOOT COMPETITION RULES

.e

147
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TAC ACES I
SYLLABUS

DAY 1

Sortie #1 Simulator Familiarization (.:30) (F-4/F-4)

Objective: 'o become fami L'a/r with simulator visuali

display, switchology, aural and dynamic cues, flight
controls, and performance characteristics.

Pilot will perform following tasks:

a. Acceleration maneuvers
b. Rolling maneuvers
c. Turning maneuvers,

High and low altitude flight
e. High and low speed stalls

Sortie #2 - Wens Familiarization (30) (F-4/F-4)

Objective: To become familiar with AIM-7E, AIM-9J,
and 20mm employment.

Pilot willperform/demonstrate following tasks:

AIM-7 and AIM-9 employment against a con-
trolled target

b. Gun tacking exercises against a controlled
targe

c. Under tanding of weapons switchology
d. ReCo nition of aspect angle, range, and

Clo u;re Velocity.
e. Ma -performance maneuvering

2 )

Sortie #3 - Perfo mance Measurement Data (:30 (F-4/
Cqmp ter Flown Target)

Objectiv : To collect a baselind-perfOrmance mea-
surement.on each pilot:as he .flys against a pre -:
recorded

1 The pefformance,measurement will consW of .the.
following exercises:

F.

a. 2 x Stabilized (Cine) tracking exercises
b. 3 x- Head-On maneuvering exercises .

148
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DAY 2

Sortie #4 - Gun/Tracking (1:.00) I(F-4/F-4)

Objective: To fully understand

L'n*c
ployment of gun and LCOSS. -

\---........----

pilot will accomplish:

a. Stabilized .tracking ;exercises
b. High angle gun empldyment
c. Tracking a maneuvering target

Sortie #5 - Basic Figl"ter Maneuvers Offensive (1:00)
(F-4/F-4)

Objective: To understand and be.able to perform
basic tighter maneuvers from a canned set-up.

Each pilot will perform the following:

a. High. and low ,Yo-Yo
b. Quarter plane maneuver
c. Lag roll
d. "Acceleration and separation maneuvers

DAY 3

Sortie #6 Basic Fighter Maneuvers Defensive (1:00)
(F-4/F-4)

Objectives: To Understand endrgy Management and basic
defensive maneuvers.

Each pilot will uaderstand and practice:.

a. Overandots
b. Extensions
c. Reversals
d. Jink-outs

.
.

Sortie #7 - Air Combat Maneuvering Similar (1:00)
. (Ft4/F-4)

I. _lc,

Objective:
maneuvering

To increase proficiency in entire
envelope.
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DAY 4

Each pilot will demonstrate understanding of:

a. Use 'of the vertical
b. Lead turn
c. High AOA maneuvering
d. Combat separations

f .
Sortie #8 - Threat Orientation (1:00) /F-4/Threat)

. k

Objective: To develop an appceciation for, the per-
formance characteristics of actypical:threSt air-
craft.

Each pilot will observe the following threat charac-
teristics:

a. Flight control responses.
b. Turning capability
c. Performance envelope (altitude, airtpeed,.

etc.) -

Sortie #9 - Air CoMbat ManSivering Dissimilar (1:00).,

pe/Threat),

Objective: .Tosincreas6 proficiency in maneuvering
agaiinSt dissiMilai aircraft.

Eachlpilot will fly eadh aircraft in fluid engage-
ments against each other. Legsons learned will be
'discussed during debriefing.

DAY 5
Sortie #10 Review of Sorties, 1-9 (:45)

Objective: Briefly review all previous sorties for
are of confusion/misunderstanding..

Each pilot will demonstrate knowledge of basic con-
cepts of air-to-air combat maneuvering.

Sortie- #11 - Performance Measurement Data (:15) (F-4/.
Computer Flown Target)

Objective: To collect an end of course performance
meaSUremenas the pilot flys against a pre-recorded
profile.

0
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The performance measurement will consi- t of the
following:

a. 2 x Stabilized (Cine) tracking exercises
b. 3 x Head-On maneuvering exercises

Sortie #12 Turkey 2Shbot (F-4/F-4)

Objective: To allow_pilots to demonstrate' dir
airto-air ability in a class fly-off.

Each pilot will be eliminated after losing to two
other pilots in a double elimination tournament.
R4res af engagement will be briefed prior to Start

4. of. fly-off. ,

---On all 1.0 hour. sorties, pilots `will switch cockpits,
after first 30 minutes.

Sorties should be recorded for debriefing.

Mc:N.
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TURKEY SHOOT RULES

Double Elimination

'

. -Initial pairings will be made by drWing names from
a hat.

2. Both.aircraft will be F-4E's at 15,000 feet and 425.
kts, head on at 18,000 slant range.

e."

3 paired participants will flip a coin for choice of
cockpit.

-4 There will be a 3, minute time limit for each engage
ment.. After 3 minutes, both aircraft will be reset
to the initial-set-up.

5. Aircraft over-G (10 G's), hitt g the ground, and
spins that bomb the computer gte automatic kills.'

6. Head on jun kills.'are not authorized. An aspect. angle
greater than 135 degrees for the shooter at time of
kill is cor'sidered ahead on gun kill.

Radar lock -on can only be accomplished by pilot acti-
vated auto-acq after the second engagement. Radar
missiles will not be used until thg third engage-
ment.

8. Switchology trickology is unauthorized.

9. Entry fee will be decided by'the class (normally $1/
pilot) .

-10. These may be agreecAto or changed by the entire class.'

vi* 11. 'Lie, cheat, and steal, but keep your six clear and may
the better man win!:

12. Head-on kills on the initial pass are not authorized
at any time.



LIST OF ABB4E.VIIIVONS,,,A RONYMS AND SYMBOLS

A/A

A/C Aircraft ,

ACES Air Combat Engagement SimUlator'

ACM Air Combat Maneuvering

ACMI - Air Combat Maneuvering :nstruMent
Range

*
AFHRL Air Forces Human Resoufces Laboratory,

AVG Average

BFM. 7- Basic flying maneuvers
. .

CHIP - Chief InstrUctof Pilot"

CIPP Chi f Instruct* Pilot- predictions of,
tur dy -Shoot ranking

CF Clasificatioh Function

,CTK, CTNETK;. Cinptrackexarcise in tracking maneuvers-

D, DEM. x'% Demographic data

DISaRIM '-'DiScriminant analysis- program used
,

DF. 4-Aiegrees'of-freedoM. ,

- Eliminated(ors) from Turkey 'Shoot

ENV Envelope
,

EXP. --. Expanded (list of variables)

F- Friday scoring data

FCN - Function , °.

F

rest:

'FTO

it4IC

G. gj

GP-

GS

Variance 'between groups divided by
varianceithin:grouPs.

- Test of significance used' in analys'is
ok variance.

4r-Flight Training Operations

Fightef-Webons instrilct5r Course

Accelefation relative to tnatof%gr, vity

.-'Greather than

Group

GOod Stickndex



L ST OF ABBREVIATIONS ACRONYMS AND SYMBOLS (Cont.Y

H1

H-M IS .1/4

Ho

f."HON, D+ON,

INTAtbr

LBS

- Hit.

- Hypothesis where P P
E T,

- Heat missile

- Hypothesis where
.

- Head-on exercise

-r InIernal

-,. Intructor ilot

'-younds (fuel)

-,Less than
_.4

day' mooring data

- Average pointing e

P =
T

N

O/D

Sarple size

tio of offensive time'(target in front'
.hemisphere of subject aircraft) to defen-
.

sive time

OTOPS

PANG-.

PE

Pred.

P
T

R

R
2

R-MIS

R.U.

SAAC

.SAM"

4

its

Oz..;

7:Opaque Target Optical Projector System.

-.Pointing Angle Advantage in envelope).

- Proportion of correct classificatibns.
using data withintthe experiment

--Prediction(s) -or(s) .

- Proportion of correct classifications
.using test data from outside the experi-
ment, :

- Correlation coefficient

- dbefficfent7 of determination

- Radar missile
4%,/

- Runner(s)-Up bf Turkey Shoot-'

- Standard devidtion

- Simulator for Air-to-Air Combat

Surface-to-Air Missiles

- Slant range
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LIST OF. ABBREVIATIONS; ACRONYMS AND SYMBOLS.(Cont)

SS

TAC

TAC ACES I

II

f\TAS

TFWC

,T.S., TS - Turkey Shoot

TTFK - Tithe from start
kill

VAR V4riable
2

riance

-'Wednesday

Win.

--Sums of 'squares
.

- Tabticaf Air Command

- Simulator traininzpOgram at Vought
--. at Luke Air Force0Base

Training,and simulation

- Tactical Fighter Weapons Center

2

Xi

engagement to first

scoring data

-. Winner (s')° of Turkey Shoot

- -Sample mean

.- Chi-Square test statistic'

- Variable quantities
. .

Dependent variapleAuantity.

3.

*U.S GOVERNMENT PRINTING OFFICE: 1979- 671 - 'WI
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